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���6 ���<[iU¼HKH¼UKJGWªL@JTý c pRþRU c [i\ e \	F5L	O
�Q�O� � �5�-��� ���$	 �2� ��R
� ���+�V�B�
W ������
���� ���
ú õ \/L�\ c JMWjn�JGô�\	F5E e UKJGW1EGWjETHK÷^L�UdL�L e FVE e \�öG÷ c JGWjLIUKnR\	F5L eIõ \-JMôª\�FVE e UKJGW¾JTým\��^UdL e U¼WRö��@EGL e \��@XE e \�F e FV\�E e [i\	W e ôRHKEGW e L e J eVõ \	UKF�n^\�LIUKöGW c ETôjE c U e ÷G_mHK\�ETk(FI\�n^p c�e U¼JMW e J �V8 0(_jEGWjn c JGWRXL e FIp c�e UKJGWÞJTý�WR\�� e FV\�E e [i\	W e ý E c U¼HKU e UK\�L�Oú õ \ ù EGFI\ e J1ý FVJGW e JGþ e ETUKWR\�n3ý JGF eIõ UdL e \�L e�c EML�\ÓUKL�ôRFV\�LI\	W e \�n
UKW;q)U¼öMpRFV\ �Þø FVU¼ö õ~e û Oú õ \
pRôRô�\	F%HK\�ý e LIJGHKp e U¼JMW �0U eIõ eIõ \
H¼J���\�L e ý FI\�L õ �@E e \�F1n^\	[
ETWªn4JGý ��; 8 )D��6 
 , 1�/ EGWjnc JML e JTý N � ; ��� ��FI\ � pjU¼FV\�L eIõ \ c JGWjL e FVp c�e U¼JMWÀJGý e �oJ�WR\�� ��EML e \��@E e \	F e FV\�E e [i\	W e ôjHKEGW e L	O
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ú õ \ 
jF5L e �0U eIõ E c EGôjE c U e ÷ e J e FV\�E e )"�V6 
�) , 1�/ c JGW 
jöMpRFV\�n e J�FV\ c \�U¼üM\1�26 � 0�JTý eIõ \n^UKL c5õ EGFIöM\�n �@EGL e \���E e \	FÓý FVJG[ eIõ \<pjFIþjEGW EGWjnSôjpRþRHKU c LI\ c�e JGF�_�ETWjn 8�
 0 JTý eIõ \
n^UdL�X
c5õ ETFVöG\�n �@E e \	F%þm÷¬[ÀpjH e U¼ôRHK\;LI\ c�e JMF�O ú õ \(LI\ c JMWjn¬ôRFVJGô�JMLI\�n �@EGL e \���E e \	F e FI\�E e [<\�W eôRHKEGW eic ETôjE c U e ÷ UdL � ;���
/.�6 � � , 1 / ETWjn c JGpjHKn FI\ c \�U¼üM\ eIõ \ �5876 � 0 FV\�L e UKWRö¬n^UKL c EGFIöM\�n
��EML e \��@E e \�F@þ~÷ eIõ \1pRFVþjEGWÞEGWjn(ôjpRþRHKU c LI\ c�e JMF�O

�mU¼[iUKHKEGF e J eVõ \¾FI\�L�pjH e L/ý JMpRWjn �0U eVõ3eIõ \ 
ªFVL e L e F5E e \	öM÷G_mn^\	[
ETWªn^\�n ��E e \	F�þm÷3ETöMFIU¼X
c pRH e pRFV\PUdL@LIE e UdL�
ª\�n��0U eIõ(eIõ \ e J e ETH6JTý eVõ \�[ÀpRWRU c UKôjEGH e FI\�E e \�n��@E e \�F�_mETWªn��0U eVõ )D��6 
 )
, 1�/ c JG[iU¼Wjö�ý FVJG[ eIõ \�Wj\�� ôRHdETW e ôRFVJGô�JMLI\�n¾UKW eVõ \�nR\�LIU¼öMWÝO � Wjn^pjL e FVUKEGH ��E e \	F�UKL e FI\�E e \�nU¼WjnR\	ô�\	Wjn^\�W e HK÷3ý FVJG[ eVõ \1\��^UdL e U¼Wjö<UKWjn^pªL e FIUdETH e FI\�E e [i\�W e ôRHdETW e L	Oó E e \	F@LVE�ü~UKWRö~LoEGFIUdL�\�L�UKW c \�E c JGWªL�Udn^\	F5ETþjH¼\ �jJ��áJTý:ý FI\�L õ �@E e \�F!UdL�WRJ e H¼JMWRöG\�F�LIpRô^XôRH¼UK\�n e J eVõ \�ETöGFVU c pRH e pRFV\;LI\ c�e JMF�O�qRFV\�L õ ��E e \	FiLVE�ü~UKWRö~LÀFV\	ôRFV\�LI\	W e 
��B6���8�[iU¼HKHKU¼JMWjL<JTý
c pRþRU c [i\ e \	F5L¾ôª\�F%÷G\�ETF�_6LVE�ümU¼WjöML eIõ E e%c JGpjHKn FV\	ôRFV\�LI\	W e ETW U¼W c FI\�[i\	W e U¼W eVõ \iý FI\�L õ X
��E e \	F0E�ülETUKHdETþRUKH¼U e ÷iJTý eIõ \1E � pRU¼ý \	F�ý FVJG[Õ\�U¼ö õMe�e J1�/�26 ��
%[iUKH¼HKUKJGWjL�JTý c pRþjU c [i\ e \	F5Loô�\	F÷G\�EGF�O

fPL c ETW3þ�\ÓEGHKLIJÀEGôRôRFV\ c UdE e \�niUKW(q)U¼öMpRFV\ �(ø FVUKö õ~e û eIõ E e!eIõ \PpRôRô�\	F�HK\�ý e L�JMH¼p e U¼JMW
UKL
eIõ \1HKJ��o\�L e ý FV\�L õ ��E e \	F	�jJ��0F5E e \�nR\	[
ETWjn�LIJGHKp e UKJGW:_ c JM[<ôªETFV\�n��0U eIõ ù EGFI\ e JiL�JMH¼p e UKJGWý JGpRWjn �0U eVõ3eVõ \ e ��J�L e F5E e \	öGUK\�LoETWjEGH¼÷mÿ�\�n�O � e UdLoEGHKLIJ e FIpj\ eIõ E e ù EGFI\ e JÀLIJGHKp e U¼JMWjL c JML eETFV\ eIõ \ õ UKö õ \�L e þRp e _�E e HK\�EML e UKW e pRU e UKüG\	HK÷G_6LIJGHKp e UKJGWjLÓUKW e J eVõ UKL ù EGFI\ e J(LI\ e ETFV\À[iJGFV\\�� c UK\	W e L�JMH¼p e UKJGWjL¾LIU¼W c \
ETHKH�nRUKL c5õ ETFVöG\�n �@E e \�F¾þ~÷ eIõ \(DopR\�FIWjE�ülE c E c U e ÷ ��E e \	F¾n^UdL�X
e FVU¼þRp e UKJGW�L�÷^L e \	[¹UKL e FI\�E e \�n(EGWjn c JGW e ET[iU¼WªE e UKJGWÞHK\	üG\�HKL@EGFI\ eIõ \1HKJ���\�L e OD3ÓpjETHKU e E e U¼üM\\�� c UK\	W c ÷SUdL1[i\�EGLIpRFV\�n4U¼W e \�FI[
L1JGý eVõ \
FI\�[
ETUKWRU¼Wjö c JGW e EG[iU¼WjEGW e1c JGW c \	W e F5E e U¼JMW UKWn^UKL c5õ EGFIöM\�n���EML e \��@E e \	F e J eIõ \ÓFI\ c \�ô e UKJGWiþ�JmnRU¼\�L	_ eIõ UdLoôjETF5ET[i\ e \	F/UdL/WjJ e UKW c H¼pjnR\�n
UKW
eIõ \0JMô e UK[iU¼ÿ�E e UKJGWi[iJ^n^\	H¶_lþRp e E c	c JGF5n^UKWRö e J eIõ \0\�W~ümUKFIJMWR[i\	W e EGHRL e ETWjnjETF5nRL@ø UKW c HKpjn^\�nU¼W eIõ \¾[iJ^n^\	H û L�JMH¼p e UKJGWjLoý JGF0þ�J eVõ L e F5E e \	öMU¼\�LoEGFI\Óý \�EML�UKþRHK\¾EGWjn(nRJ<WjJ e ü~UKJGHdE e \ eVõ \	[�O
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q�UKöGpjFI\ 81UdLoE c JG[iôjEGFIUdL�JMW
JTý ù EGFI\ e J¾ý FVJGW e L!JGþ e ETUKWR\�n��0U eIõ(eIõ \ e ��JÀL e FVE e \�öGUK\�L/\�ülETH¼XpjE e \�n eIõ \�Dopj\	FVWjE�ülE c E c U e ÷��@E e \	F�n^UdL e FIUKþRp e U¼JMW;Wj\ e ��JGFVk�O ú õ UKL	
jöMpRFV\¾EGHKLIJiU¼W c HKpjn^\�L

jüG\%LIJGHKp e UKJGWªL�ý JGF eVõ \ e �oJ3L e F5E e \	öMU¼\�LoJMþ e EGU¼Wj\�n �0U eVõ�eIõ \¾ý pjW c�e U¼JMWSETöGöMFI\�öME e UKJGW(EGWjn



FI\�n^p c \�n(öMFVEMn^UK\	W e EGôRôRFVJME c5õ O ù EGFI\ e JÀý FIJMW e L�JGþ e ETUKWR\�n �0U eVõ $'&'(+* EGWjn;[iE eIõ \�[
E e XU c ETHPôjFIJMöGF5ET[i[iU¼WRö¬ETFV\ c HKJMLI\ e J eIõ \ e �oJ EGWjETHK÷mÿ	\�n L e F5E e \	öGUK\�L�_!LIJ U eÞc ETW,þ�\ LVETUdn
eIõ E eÓeVõ \�JMþ e EGU¼Wj\�n�FV\�LIpRH e L�ETFV\%ülETHKUKn4ETWjn c ETWSþ�\<pjL�\�n e JÞ[
ETkM\Àn^\ c UKLIUKJGWjLÓJlüG\�F eIõ \FI\�ETH¼X ��JGFVHKn(ôRFVJGþRHK\	[¹L e E e \�n;UKW eIõ UdL0ôjEGôª\�F�O � e ETHdL�J c EGW�þª\%EGôRôRFV\ c UdE e \�n(ý FIJM[*q)UKöGpRFV\8 eIõ E e LIJGHKp e UKJGWªL%JGW eIõ \;\�� e FV\	[i\�LÀJTý eVõ \ ù EGFI\ e J�ý FVJGW e L�ETFV\(L�UK[iU¼HdETF�_:ôjFI\�L�pR[
EGþRH¼÷þª\ c ETpªL�\ eIõ E e LIJGHKp e UKJGWªL c JGFVFI\�L�ô�JGWjn e J eVõ \�\�WjnS\�� e FV\	[i\�LÓJTý eVõ \ ù EGFI\ e J
ý FVJGW e L�ý JMF
eIõ \1[
E eVõ \	[
E e U c ETH�[iJ^n^\�HhOú õ UKL c JMW�!�\ c�e pRFV\ c EGW�þª\%\�WRHdETFVöG\�n �0U eIõ�eVõ \ c JG[iôjETFVUdL�JMWÞJGý eIõ \ÀLIJGHKp e U¼JMW�JGW eIõ \pRôRô�\	F�H¼\	ý e�c JMFIWj\	F!UKW(q)UKöGpRFV\ 8
øhL�\ c JGWªn
L e FVE e \	öM÷ û ø ��; 8,��) , 1 / û �0U eVõ
eIõ \�L�JMH¼p e UKJGW
ý JMFeIõ \ÀLVET[i\ÀL e F5E e \	öM÷G_^þRp e �0U eVõ�eIõ \<L�JMH¼\ c FIU e \�FIUKJGW�JGý)ý FV\�L õ ��E e \�F0[<UKWRUK[iU¼ÿ�E e UKJGW ø UKnR\�ETHüG\ c�e JMF û ôRFI\�L�\�W e \�n U¼W � 
���_ªý JMF � õ U c5õ4eIõ \ e J e EGH/n^\	[
EGWjn^\�nSý FI\�L õ �@E e \	F �jJ��0FVE e \ ��EML
��; 8 ) �26 ��� , 1�/ O ú õ \(nRU��6\	FV\	W c \(þ�\ e ��\	\�W eIõ \(LIUKWRöGHK\3JGþ"!�\ c�e U¼üM\3ETWjn eVõ \3þRU�JGþ"!�\ c�e U¼üM\L�JMH¼p e U¼JMWjL c ETWÀþª\�ôjETF e UdETHKHK÷¾E e�e FIUKþRp e \�n e J eVõ \ ��\	UKö õ~e ý E c�e JGF5LÝpjLI\�nÀU¼W eIõ \�þRUmJGþ"!�\ c�e U¼üM\JGô e U¼[iUKÿ�E e U¼JMWÝO ú õ UdL c JG[iôjEGFIUdL�JMW
ôª\�FI[iU e L eIõ \ÓülETHKUdnRE e U¼JMW(JTý $)&'(+* ý JMF eVõ \1L�JMH¼p e UKJGWJTý eIõ \SþjU�X�JGþ,!�\ c�e U¼üM\�JGô e U¼[iUKÿ�E e U¼JMW [<J^n^\�H0ý JGF eIõ \ nR\�LIU¼öMW JGý �@E e \	F
pjLIUKWRö L�÷^L e \�[iLôRFI\�L�\�W e \�nSU¼W eIõ UdL¾ôjETô�\	F�_ c JGWªL�Udn^\	FVUKWRö eVõ \ c JGWmüG\�FIöM\	W c \1ôRFVJGô�\	F e UK\�LÓJTý eVõ \Àý pjW c�e U¼JMWETöGöMFI\�öME e UKJGW(EGôRôRFVJME c5õ � � .��:ETWªn;ôjFI\�ü~UKJGpªLoFV\�LIpRH e L@JMWÞLIU¼[iUKHKEGF0ôRFVJGþRHK\	[
L ��������O
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MDQL strategy No 1
MDQL stregy No 2  
MP strategy No 2  
MP strategy No 1  

F
1
 = 2,518 l/s

F
2
 = $ 17,960

F
1
=2,752.6 l/s 

F
2
=$ 14,156 
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� �4îoëPñ @�ð�	mò�î!ë�	
f �@E e \	F�ôRUKW c5õ JGô e U¼[iUKÿ�E e U¼JMWÀ[iJ^n^\	H eVõ E e/c JGWjLIUKnR\	F5L:[iJGFV\ eIõ EGW�JMWR\ c FIU e \�FIUdE ��EML�ôjFI\	XL�\�W e \�n�O ú õ \o[<J^n^\�H c JGWjLIUdn^\	F5L eIõ \oFV\	pjLI\/JGý ��EML e \��@E e \�F�ý FVJG[ JGô�\	F5E e UKJGWªL	_���EML e \��@E e \�F
e FV\�E e [i\	W e _ c JMWjL�pj[<ô e UKJGW��ªJ��0FVE e \�LoETWjn3H¼\�ETk^L!UKW eVõ \¾L�÷^L e \	[�_mETWjn eIõ \ c JM[ÀþRUKWjE e UKJGWJTý eIõ UKL�[i\ c5õ EGWRUdL�[
L0ý JMF eVõ \<JGô e U¼[iUKÿ�E e U¼JMWSJTý e ��J3JMþ,!�\ c�e UKüG\%ý pjW c�e U¼JMWjL	O ú õ \<FI\�n^p c X
e UKJGW
JTý6ý FV\�L õ ��E e \	F/nR\	[
ETWjnjL-UKL!ôªJ~LILIUKþRH¼\��0U eIõieVõ \PöMpjETF5ETW e \	\ eIõ E e/eIõ \ � pjETHKU e ÷�JTý eIõ \
��E e \	F@LI\	FVüG\�n e J eIõ \1n^U���\�FI\�W e pjLI\	F5L@n^J<WRJ e ümU¼JMHKE e \�\ c JMH¼JMöGU c EGHªETWªn(LVETWRU e EGFI÷iWRJMFI[
L�Oú õ \!þRU¼X�JGþ,!�\ c�e UKüG\!JGô e U¼[iUKÿ�E e U¼JMW1[iJmnR\	H~JGô�\	F5E e \�L c JMWjLIUKn^\�FIUKWRö�[
EMLIL�þªETHdETW c \�LÝþ�\ e ��\	\�W



JGô�\	F5E e UKJGWªL	_	ý FI\�L õ �@E e \�F:LIJGpRF c \�L	_��@EGL e \���E e \�F e FV\�E e [i\	W e ôjHKEGW e L	_�ETWªn ��EML e \��@E e \�F:n^UdL�XôªJ~LIEGH�\U�
pR\	W e L	OQ�J^n^\	H�L�JMH¼p e U¼JMW
ôª\�FI[iU e L eIõ \ÓüG\�FIU�
 c E e UKJGWiJTý�U e Loþª\ õ E�ümU¼JMF�_ c JGWªL�UdL e \	W c ÷�EGWjn c JM[<XôRH¼\ e \�WR\�LVL ��� ����O^QSE eVõ \	[
E e U c ETH�ôRFVJGöMFVEG[i[<UKWRöÀý JGF eIõ \%LIJGHKp e U¼JMW(JTý�E��o\�U¼ö õMe \�n;ETöGöMFI\	XöME e \�n¾ý pjW c�e U¼JMW�JGý c FVU e \	FVUKE ��EML:pªL�\�nÀEGL)EÓ[<\�ETW%JGý c JM[iôjETFVUKLIJGW:_�LI\	HK\ c�e \�nÀJGW eVõ \@þjEGLIUdLJTýRôRFV\	ümUKJGpjL:FI\�L�pRH e L)ETWªn c JMW~üM\	FVöG\�W c \-ôRFVJGô�\	F e UK\�L:FI\�ôªJMF e \�n1UKW eVõ \oHKU e \	F5E e pRFV\�� � .���O ú õ \JGþ,!�\ c�e UKüG\�L¾JTý eIõ UdL ��JGFVk �o\�FI\ c JM[iôRH¼\ e \�H¼÷ LVE e UKL�
j\�n�_ÝU eÀc ETW þ�\3LIEGUKn eIõ E e ôRFVJGô�JMLI\�n[<J^n^\�HRUdL c JM[<ôjH¼\ e \�ETWªn�FV\	ôjFI\�L�\�W e L eIõ \0þ�\ õ E�ümUKJGF-JGý�FV\�EGH ��E e \	F-n^UdL e FVU¼þRp e UKJGW
L�÷^L e \�[iLEGL eIõ \�DopR\	FVWjE�ülE c E c U e ÷(nRUKL e FVU¼þjp e UKJGW�LI÷mL e \�[�Oú õ \ � pjEGH¼U e ÷G_6WmpR[�þª\�F�_�ETWªn4n^UdL e FVU¼þRp e UKJGWjL�JTý�L�JMH¼p e U¼JMWjL¾ETHKJGWRö eIõ \ ù EGFI\ e J3ý FVJGW e LJGþ e ETUKWR\�n �0U eIõ $)&'(+* LI\	\	[
L:þª\ e�e \�F c JG[iôjEGFI\�n �0U eVõ1eIõ \ eIõ J~L�\oJGþ e ETUKWR\�n �0U eIõ [iE eIõ X\	[
E e U c ETH!ôjFIJMöGF5ET[i[iU¼WRöªO ú õ \3[
ETUKWèn^U��6\	FV\	W c \3UKL eIõ E e $'&'( * L�JMH¼p e U¼JMWjL ��\	FV\3JGþRX
e ETUKWR\�n3JGWÞE�LIUKWRöGHK\ÓFVpRW �0U eVõ JGp e�eIõ \¾nR\�
jWRU e UKJGW;JTý ��\	UKö õ~e0c Jm\�� c U¼\�W e L	O"�mJª_mþjEGLI\�n
JMW
eIõ UdLPEGWjETHK÷^L�UdL@U e�c ETW�þ�\ÀLVETUdn eVõ E e $'&'(+* UKL�[<JMFI\ c JG[iô�\ e U e UKüG\M_R\�LIô�\ c UdETHKHK÷(þ�\ c EGpjLI\
eIõ \ � pjETHKU e ÷�JTýoLIJGHKp e UKJGWªL<øhETôRôjFIJ �^UK[iE e UKJGW�JGý eIõ \ ù EGFI\ e J3ý FVJGW e û O � e UKL¾ETHdLIJ(ô�JMLVL�UKþRHK\
e J WRJ e \ eVõ E eÞc JG[�þRUKWjE e U¼JMW JGý �o\�U¼ö õMeÞc Jm\�� c UK\	W e L
UKL�_oLIJG[i\ e UK[<\�L(E e \�n^UKJGpªL��oJMFIkn^\ c UKLIU¼JMW¬[iEGkG\�FVL1EGFI\
WRJ e%e J e EGH¼HK÷ c JGWmümU¼W c \�n e J4n^Jj_Ý\�L�ô�\ c UKEGH¼HK÷4ý JGF eVõ \3ôRFV\�ý \�FI\�W c \�Ln^\�
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