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Application of verification in groundwater flow simulation
using PMWIN and MODFLOW computer codes (A case

study of Behbehan plain aquifer modeling)
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Abstract
Uncertainty in groundwater modeling is mainly occurs as a result of input data error. After deter-
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mination of aquifer parameters through inverse problem at the stage of model calibration and assur-
ance about unique solution of answers in the processes of verification, it is possible to be confident
about reliability of the model. Calibration is generally done with trial and error and automatic opti-
mization. At the end stage of verification, this simulated flow model could be used for prediction, opti-
mization of groundwater resources. óAssemblages of planning, designing, or execution policies in var-
ious scenarios could be  interpreted based on assessment of simulated aquifer response. In this case
study (Behbehan plain aquifer), advantages and disadvantages of calibration methods have been
assessed with the available computer codes. 

Key words: Calibration, verification, simulation, aquifer, optimization.
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ì~ë ðíþ|‹†ºñ~. ‹ú|Æõ°Þéþ̂ üà ì~ë Òý±̈Çþ̂ ìþ|{õ…ð~ ‹ú|¾õ°–

²ü± ‹ý†ó ºõ¬:

2(

Þú ¬° „ó iyì}Óý±̂ ô…‹·}ú ì»†ø~ø†ÿ …¶•€ ifìÛ~…° ì¥†¶Œú|…ÿ

‹ú …²…ÿ ì}Óý^± ô…‹·}ú …¶•x,y,z,t@ ì}Óý^±ø†ÿ ì·}Ûê )ìß†ó ô ²ì†ó ¬°

üà ì~ë(€�†°…ì}±ø†ÿ ì~ë ô‹†Úþ|ì†ð~û ìþ|‹†º~.
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{†‹Ð ̈Ç†ÿ ìœíõÑ ì±‹Ï̂†– ô²ó|¬…° ‹±…ÿ ì~ë|ø†ÿ Òý±̈Çþ̂ °…

‹ú|¾õ°– ²ü± ìþ|{õ…ó ‹ý†ó Þ±¬:

Þíýñú Þ±¬ó ìÇ†èÏú|ÿ ÖõÝ ‹±…ÿ ¬¶}ý†‹þ ‹ú ìÛ†¬ü± �†°…ì}±ÿ ‹ùýñú

ìþ|{õ…ð~ ‹ú|âõðú|…ÿ ì»†‹ú ‹ú „ð¡ú ‹±…ÿ ì~ë|ø†ÿ ̈Çþ̂ ¾õ°–

ìþ|âý±¬ …ðœ†ï ºõ¬. ø±Ÿñ~ {×†ô–|ø†ÿ Îí~û|ÿ Ö±…ô…ðþ ìíßò …¶•

ô›õ¬ ¬…º}ú ‹†º~. 

ø~Ù üà ì~ë °ü†Âþ€ …¶}×†¬û …² ¬…¬û|ø†ÿ ¶ý·}î „Ž ²ü±²ìýñþ

‹±…ÿ {õèý~ …Î~…¬ ìþ|‹†º~€ Þú …üò …Î~…¬ „ð¡ú °… Þú üà ¶ý·}î ÆŒýÏþ

ô ü† ¶†̈}ãþ {¥• °´üî ô…Þñ»þ {¥±üà|�̄ü± ìÏýò̂ ð»†ó ìþ|¬øñ~€

°… �ý¼|‹ýñþ ìþ|ðí†üñ~. 

‹† {õ›ú̂ ‹ú ìõ…°¬ â×}ú º~û€ °ô½|ø†ÿ ô…°ôðãþ ‹ú|Îñõ…ó üà

Ö±…üñ~ ‹ùýñú|¶†²ÿ )noitazimitpO(ì~^ðË± Ú±…° ìþ|âý±ð~ Þú ¬° „ó

ì~èþ Þú Þí}±üò ìÛ~…° ̈Ç† °… ¬…º}ú ‹†º~ ô ‹ú ‹ù}±üò ¾õ°–

ì»†ø~…– °… {õÂý¦ ¬ø~€ ìõ°¬ ›·}œõ Ú±…° ìþ|¬øñ~.

¬° …üò °ô½ ìý³…ó ‹±…²½ )ssentiF(ü† Î~ï ‹±…²½

)ssentifsiM(‹ýò ¬…¬û|ø†ÿ ì»†ø~û|…ÿ ô ì¥†¶Œú|…ÿ ‹ú|Îñõ…ó

ìÛý†¶þ …² ¶†²â†°ÿ ì~ë ¶†̈}ú º~û€ ìõ°¬ …¶}×†¬û Ú±…° ìþ|âý±ð~.

°ô½|ø†ÿ ‹ùýñú|¶†²ÿ ‹± …¶†¹ °ôºþ Þú ‹±…ÿ ›·}œõÿ ì~ë ‹ùýñú

‹ú|Þ†° ìþ|°ôð~ ì}×†ô– ìþ|‹†ºñ~ )¶†Î•|¶†² 2831(.

…² ›íéú Þ~ø†ÿ {©íýò �†°…ì}±ÿ )noitamitse retemaraP(

ìÏíõë ìõ°¬ …¶}×†¬û€ ð±ï|…Ö³…° ì~Öéõ )WOLFDOM(ô ð±ï|…Ö³…°

üõðþ|ô°¶†ë …üñõ°¹ )edoC gniledoM esrevnI lasrevinU(

ìþ|‹†ºñ~ )6991 dlanoD cM & hguabraH(. ‹±„ô°¬

�†°…ì}±ø†ÿ Òý±̈Çþ̂ üà Îéî ìþ|‹†º~ â±Ÿú ìþ|{õ…ó „ó °… üà øñ±

¬…ð·•. …üò ‹±„ô°¬â±ø† ìþ|{õ…ðñ~ ÖÛÈ ‹ú {ßíýê {ç½|ø†ÿ ì† ¬°

Öùî üà ¶ý·}î ô …¶}ñŒ†É �†°…ì}±ø†ÿ „ó ‹ú|Þ†° ‹±¬û ºõð~. ¬° …üò

{¥ÛýÜ ‹ú|¬èýê ìÛ†ü·ú|ÿ ¬ô °ô½ ‹±¶ñœþ€ {õÂý¥†{þ ¬°̈¿õÁ

ôüµ…ë ì~Öéõ )WOLFDOM lausiV(ô �þ …ï ôüò )NIWMP(

¬…¬û ìþ|ºõ¬. ôüµ…ë ì~Öéõ ð±ï|…Ö³…°ÿ Þ†ìê ô ¶†¬û ‹±…ÿ …¶}×†¬û ¬°

ºŒýú|¶†²ÿ€ ‹† ì¥ýÈ ì~ë|¶†²ÿ â±…Öýßþ ›±ü†ó ¶ú ‹Ï~ÿ „Ž

²ü±²ìýñþ ô …ð}Û†ë „èõ¬âþ ô ¬° ¶Ç¦ {©¿¿̂þ ìþ|‹†º~. ¬…¬û|ø†ÿ

ô°ô¬ÿ ô ̈±ô›þ ¬° …üò ð±ï|…Ö³…° ‹ú|¾õ°– {í†ï ¾×¥ú ü† ‹ú ºßê

ìÛ†ÆÐ ì©}éØ Ú†‹ê ðí†ü¼ ìþ|‹†ºñ~. …üò ð±ï|…Ö³…° ôüµ…ë ì~Öéõ ‹±…ÿ

…ôè̂ýò ‹†° ¬° ¶†ë 4991 {ùýú̂ â±¬ü~ ô ¬° ¤†ë ¤†Â± ‹ú|Æõ° â·}±¬û|…ÿ

¬° ›ù†ó ìõ°¬ …¶}×†¬û Ú±…° ìþ|âý±¬. ¬° ð}ýœú ¾¥•̂ …üò ð±ï|…Ö³…° ‹†

{õ›ú̂ ‹ú …¶}×†¬û|ÿ â·}±¬û|ÿ „ó ìõ°¬ {†‡üý~ ‹õ¬û ô ðÛ†É ÂÏØ ô

Úõ^– „ó ì»©^À ìþ|‹†º~. ²‹†ó ‹±ð†ìú|ðõü·þ …üò ð±ï|…Ö³…° Ö±\{±ó 77

‹õ¬û ô °ô½ ¤ê ìÏ†¬æ– ¤†Þî ‹± „‹©õ…ó ¬° …üò ð±ï|…Ö³…° {×†Âê

ì¥~ô¬ ‹† ºŒßú|ø†ÿ ì~èþ ì±Þ³ ‹éõÞþ )deretneC kcolB(

ìþ|‹†º~. ¶†̈}†° ‹±ð†ìú ‹·}ú|…ÿ )raludoM(…¶•€ Þú º†ìê üà

‹±ð†ìú|ÿ …¾éþ ô üà ¶±ÿ …² ‹±ð†ìú|ø†ÿ Ö±Îþ )enituorbuS(

Þ†ìç_ ì·}Ûê ìþ|‹†º~ Þú ‹·}ú )seludoM(ð†ìý~û ìþ|ºõ¬. ‹·}ú|ø†

‹ú|¾õ°– ‹·}ú|ø†ÿ â±ôû|‹ñ~ÿ º~û ø·}ñ~ Þú ø± ‹·}ú ¬° …°{Œ†É ‹†

Ú·í}þ …² ¶ý·}î øý~°ô´õ̂èõ´üßþ …¶• Þú ‹†ü~ ºŒýú|¶†²ÿ ºõ¬. 

¬° ð±ï|…Ö³…° ôüµ…ë ì~Öéõ ¶ú ‹·}ú|ÿ …¾éþ ô›õ¬ ¬…°¬ Þú ÎŒ†°{ñ~ …²:

ô°ô¬ÿ|ø†ÿ ì~ë )eludoM tupnI(€ …›±…ÿ ì~ë )eludoM nuR(ô

¨±ô›þ|ø†ÿ ì~ë )eludoM tuptuO(. øñã†ìþ Þú üà Ö†üê

Ö±…̈õ…ðþ ô ü† {õèý~ ìþ|ºõ¬ ¬° ô…ÚÐ ‹ýò ø± ¶ú ‹·}ú ›ù• ô°ô¬

¬…¬û|ø†€ …›±…ÿ ºŒýú|¶†²ÿ ô ðí†ü¼ ð}†ü� …°{Œ†É ‹±Ú±…° ìþ|ºõ¬

) b3002 nehC & nehCô ¶±ô°ÿ 2831(.

ð±ï|…Ö³…° �þ …ï ôüò )7.1.5 WOLFDOM gnissecorP(‹ú

¬èýê Ú†‹éý^•|ø†ÿ ‹ý»}± „ó Þú {õ…ð†üþ ‹ùýñú|¶†²ÿ )noitazimitpO(‹ú

°ô½ ìÏßõ¹ °… ¬…°¬ ‹ú|Îñõ…ó ð±ï|…Ö³…° ¬üã± ›ù• ‹±¶ñœþ ô

ìÛ†ü·ú|ÿ ð}†ü� ‹±¶ñœþ ¬° ¬ô ¤†è• ¬¶}þ ô ̈õ¬Þ†° ìÏ±^Öþ ìþ|â±¬¬.

¶†̈}†° …üò ð±ï|…Ö³…° ðý³ ì~ôèþ ‹õ¬û ô ôüµâþ „ó ¬…º}ò ‹·}ú|ø†ÿ

ð±ï|…Ö³…°ÿ Ÿõó �·• )tseP(€ üõÞ~ )docU(ô... ìþ|‹†º~Þú ‹†

‹ù±û|âý±ÿ …² °ô½|ø†ÿ ô…°ôðú {õ…ð†üþ ‹±„ô°¬ �†°…ì}±ø†ÿ ‹ùýñú °…

¬…°¬. ð±ï|…Ö³…° �þ …ï ôüò ¬° ¶Ç¦ ‹·ý†° {©¿¿̂þ ‹õ¬û Þú …ìß†ð†–

‹·ý†° ìñ†¶Œþ ‹±…ÿ ºŒýú|¶†²ÿ ›±ü†ó ô …ð}Û†ë ›±ï ¬° „ó Ú±…° ¬…¬û

º~û …¶•. …² „ðœ†üþ Þú ¬° ð±ï|…Ö³…° ôüµ…ë ì~Öéõ 6/2€ …ìß†ó ‹±¶ñœþ

¨õ¬Þ†° ô›õ¬ ð~…°¬€ ‹† {»ßýê üà Ö†üê ‹† �·õð~ man )man.*(

ì~ë ¶†̈}ú º~û ¬° …üò ð±ï|…Ö³…° °… ìþ|{õ…ó ‹ú üà ì~ë Ú†‹ê ºñ†¶†üþ

‹±…ÿ �þ …ï ôüò {Œ~üê ðíõ¬. ‹~üùþ …¶• …üò Îíê ‹ú|ìñËõ° ›éõâý±ÿ

…² …{çÙ ôÚ• ›ù• ô…°¬ ðíõ¬ó ìœ~¬̂ {í†ìþ ¬…¬û|ø†ÿ ì~ë ì×ùõìþ

ìþ|‹†º~. ¬° Òý± …üò|¾õ°– ìþ|{õ…ó …² Ú†‹éý•̂|ø†ÿ ð±ï|…Ö³…°ÿ �þ …ï

ôüò ›ù• ô°ô¬ ô �±¬…²½ …Æç̂Î†– …¶}×†¬û Þ±¬.
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�·• )tseP(üà ‹·}ú|ÿ ð±ï|…Ö³…°ÿ ‹±…ÿ ‹±„ô°¬ �†°…ì}±ø†ÿ

Òý±̈Çþ̂ ìþ|‹†º~ Þú ìþ|{õ…ð~ Þñ}±ë üà ì~ë °… ¬° ¬¶• â±Ö}ú ô

„ó|Ÿñ†ó|Þú ‹±…ÿ ð³¬üßþ Þ†ìê �†°…ì}±ø†ÿ ì¥†¶Œ†{þ ô ì»†ø~û|…ÿ

ìõ°¬ ðý†² ‹†º~ ì~ë °… ‹ú ¬ÖÏ†– ²ü†¬ …›±… Þñ~ {† …üò|Þú ‹ú Þí}±üò

ì±‹Ï̂†– ô²ó º~û ð†ê̂ â±¬¬. ‹† …üò Îíê �·• �†°…ì}±ø†ÿ âõð†âõó ô

ìÛ†¬ü± ì©}éØ „ó|ø† °… ìõ°¬ …°²ü†‹þ Ú±…° ¬…¬û ô ì~ë|ø†ÿ ì}ñõ^Îþ °…

…°…̂ú ìþ|¬ø~ ô ‹† øí©õ…ó Þ±¬ó ̈õ¬ ‹† º±…üÈ ¤†Þî ‹ù}±üò ì~ë

‹ú|¬¶• „ì~û °… …ð}©†Ž ìþ|ðí†ü~. …üò ‹·}ú|ÿ ð±ï|…Ö³…°ÿ ‹† …›±…ÿ üà

ô…°ü†ð̧ Ú~°{íñ~ ô ôüµû )ssuaG-tdrauqraM-greb neveL(‹†

°ô½ ‹±„ô°¬ Òý±̈Çþ̂ �†°…ì}±ø† ìþ|{õ…ð~ „º×}ãþ|ø† ô ð†øíãñþ|ø†ÿ

ìõ›õ¬ ô �ý¡ý~û °… {Û±ü� ‹³ð~ ô ‹ú|¬èýê …°{Œ†É „¶†ó „ó ‹† ¶†ü± ð±ï

…Ö³…ÿ|ø†ÿ ì~ë|¶†²€ ðý†²ÿ ‹ú {ùýú̂|ÿ ìœ~¬̂ ì~ë ô {Ï±üØ ¶†̈}†° ô

º±…üÇþ …ôè̂ýú̂ ð~…°¬€ è̄… …² ¾±Ù ôÚ• ‹ý»}± ›éõâý±ÿ ìþ|ðí†ü~.

„ð¡ú Þú ¬° �·• ôüµâþ ì¥·õŽ ìþ|ºõ¬ …üò …¶• Þú ‹ú Þ†°‹±

…›†²û ìþ|¬ø~ ‹† …¶}×†¬û …² ð}†ü� „²ì†ü»†–€ ì»†ø~…– ô {×·ý±

¬…¬û|ø†ÿ …ôè̂ýú̂ ô {Ï±üØ „ó|ø† ‹±…ÿ ì~ë ‹±„ô°¬ �†°…ì}±ø† ô ¤~ô¬

{Óýý±…– „ó|ø† °… Þñ}±ë ðíõ¬û ô ì~èþ ìñ¥¿± ‹ú Ö±¬ …üœ†¬ ðí†ü~.

¶†ü± ôüµâþ|ø†üþ Þú ‹±…ÿ �·• ìþ|{õ…ó ¬° ðË± â±Ö• ÎŒ†°{ñ~

…²:

- �†°…ì}±ø†ÿ ì~ë ìñ¥¿± ‹ú|Ö±¬ °… ‹ú|¾õ°– �†°…ì}±ø†ÿ Ú†‹ê

{ñËýî€ ÷†‹• ô ü† ¬° …°{Œ†É ‹† ¶†ü± �†°…ì}±ø† Æ±…̂¤þ Þ±¬ ô ‹±…ÿ

…Ö³…ü¼ {†‡÷ý± ‹ùýñú|¶†²ÿ ìþ|{õ…ó �†°…ì}±ø†ÿ Ú†‹ê {ñËýî °… ‹ú ¤†è•

èã†°ü}íþ {Óýý± ºßê ¬…¬.

- ‹† {¥íýê ¤~ô¬ ‹†æüþ ô �†üýñþ {Ï±üØ º~û ‹±…ÿ �†°…ì}±ø†€

ìÛ†¬ü± ‹ùýñú|ÿ �†°…ì}±ø† °… Þñ}±ë ô ìñ¥¿± ‹ú|Ö±¬ ðíõ¬.

- …›±…ÿ �·• °… ìþ|{õ…ó ¬° ²ì†ó|ø†ÿ ì©}éØ ÚÇÐ ðíõ¬. …üò

Îíê ‹±…ÿ ‹†²°¶þ ›³ˆý†– ¬° Ö†üê|ø†ÿ ÷Œ• º~û ¬° ø± …›±… ìùî

ìþ|‹†º~. ¶�̧ ìþ|{õ…ó �·• °… …² „ó ²ì†ðþ Þú ÚÇÐ º~û …¶• ìœ~¬…_

…›±… ðíõ¬.

- {í†ìþ ‹†ðà ¬…¬û|ø†ÿ �·• ¬…°…ÿ …̈}¿†¾†– �õü† ìþ|‹†ºñ~. …²

…üò °ô …ð~…²û|ÿ ì·‰éú Þú º†ìê {Ï~…¬ �†°…ì}±ø†ÿ Ú†‹ê {ñËýî ô

…ð~…²û|ÿ ¬…¬û|ø†ÿ ì»†ø~…{þ …¶•€ ÖÛÈ ‹ú|ô¶ýéú|ÿ ìÛ~…° ¤†ÖËú|ÿ

ð¿� º~û {õ¶È̂ Þ†°‹± ‹± °ôÿ ì†ºýò ì¥~ô¬ ìþ|ºõ¬.

- ôÂÏý•̂ ¤·†̂¶ý•̂ �†°…ì}±ø† ‹ú|Æõ° �ýõ¶}ú ¬° ø± ‹†° {ß±…°

÷Œ• ìþ|ºõð~ Þú ‹ú Þ†°‹± …›†²û ìþ|¬øñ~ ‹ú ¶†¬âþ �†°…ì}±ø†ÿ

ì»ßê °… ìõ°¬ …°²ü†‹þ Ú±…° ¬ø~.

-Þ†°‹± ìþ|{õ…ð~ ¬° Ö±…üñ~ {©íýò �†°…ì}±ø† ¬̈†è• ðí†ü~ ô

�†°…ì}±ø†üþ Þú {í†üê ‹ú …Ö³…ü¼ Òý±ô…ÚÏþ °… ¬…°ð~ ÷†‹• ðãú ¬…°¬.

- ìþ|{õ…ó �†°…ì}±ø† ô ì»†ø~…– °… ¬° ²ü±â±ôû|ø†ÿ ìœ³…üþ

{Û·ýî ðíõ¬. …üò Îíê ‹±…ÿ {©¿ýÀ ì}Óý±̂ø†ÿ Þñ}±ë Þññ~û|ÿ

ì¥†¶Œ†– ì»}Û†̂– ì~ë ô …°²ü†‹þ øí©õ…ðþ ì»†ø~…– âõð†âõó ‹†

{†‹Ð ø~Ù Þ†°‹±¬ ¬…°¬.

- �·• ì¥†¶Œú|ÿ „ì†°ÿ ¬…¬û|ø†ÿ ì±‹õÉ ‹ú ìÛ†¬ü± �†°…ì}±ø†ÿ

‹ùýñú º~û °… ‹† 59 ¬°¾~ Ö†¾éú|ÿ …Æíýñ†ó øí±…û ‹† Þõô…°ü†ð̧

�†°…ì}±ø† ô ì†{±ü̧ Â±ü� øíŒ·}ãþ …ðœ†ï ¬…¬û ô ¬° üà ¾×¥ú|ÿ

â·}±¬û ðí†ü¼ ìþ|¬ø~ )b3002 nehC & nehC(. 

„ó|Ÿñ†ó|Þú ‹±„ô°¬ �†°…ì}±ø†ÿ Òý±̈Çþ̂ üà Îéî ìþ|‹†º~

ìþ|{õ…ó „ó °… üà øñ± ðý³ ¬…ð·•. �·• ü† ø± ‹±„ô°¬Þññ~û|ÿ �†°…ì}±ÿ

ìþ|{õ…ð~ ÖÛÈ ‹±…ÿ {ßíýê {ç½|ø†ÿ ì† ¬° Öùî üà ¶ý·}î ô …¶}ñŒ†É

�†°…ì}±ø†ÿ „ó ‹ú|Þ†° ‹±¬û ºõ¬. …¾õæ_ ‹±ð†ìú|ø†ÿ ì~ë|¶†² ðý†² ‹ú

Ÿù†° ðõÑ ¬…¬û|ÿ …¾éþ ¬…°ð~ Þú ÎŒ†°{ñ~ …²:

1( ¬…¬û|ø†ÿ ÷†‹• )atad dexiF(Þú ¶ý·}î °… {Ï±üØ ìþ|ðí†üñ~€

ì†ðñ~ ºßê „‹©õ…ó ô øñ~¶ú|ÿ „ó

2( �†°…ì}±ø† Þú ̈¿õ¾ý†̂– ¶ý·}î °… ‹ý†ó ìþ|ðí†üñ~€ ì†ðñ~

ø~…ü• øý~°ôèýßþ ô Â±ü� ®̈ý±û

3( ì¥±á̂|ø† )snoitaticxE(Þú ¶ý·}î °… ø~…ü• ìþ|ðí†üñ~€

ì†ðñ~ ¬…¬û|ø†ÿ øõ…ºñ†¶þ.

4( ¬…¬û|ø†ÿ Þñ}±ë )atad lortnoC(€ …üò ¬…¬û|ø† ôÂÏý•̂ °ô½

¤ê ̂Î~¬ÿ ìÏ†¬æ– ¶ý·}î °… ¬° …̈}ý†° ¬…°¬.

¬° …Òé� ì~ë|ø† {»©ýÀ ¤~ô¬ …üò Ÿù†° ðõÑ ¬…¬û ô…Â¦

ðíþ|‹†º~. ø~Ù ì~ë °ü†Âþ …¶}×†¬û …² ¬…¬û|ø†ÿ ®Þ± º~û ‹±…ÿ {õèý~

…Î~…¬ ìþ|‹†º~ Þú …üò …Î~…¬ „ð¡ú Þú üà ¶ý·}î ÆŒýÏþ ô ü† ¶†̈}ãþ

{¥• °´üî {¥±üß†{þ ìÏýò̂ ô…Þñ¼ ð»†ó ìþ|¬øñ~ °… �ý¼|‹ýñþ

ìþ|ðí†üñ~. ¤†ë …â± ìÛ†¬ü± ì»†ø~û|…ÿ ü† ð}†ü� „²ì†ü»ã†øþ ì}ñ†Ê± ‹†

…Î~…¬ {õèý~ º~û {õ¶È̂ ì~ë ô›õ¬ ¬…º}ú ‹†ºñ~€ �·• ìþ|{õ…ð~

�†°…ì}±ø†ÿ ì~ë °… {ñËýî ðí†ü~ ô {ñ¼|ø†ÿ ô…°¬û °… ¬° ðËíþ Þú

{×†ô– ‹ýò …Î~…¬ {õèý~ º~û {õ¶È̂ ì~ë ô …ð~…²û|âý±ÿ|ø†ÿ ì}ñ†Ê± ‹†
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