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Abstract

A computer package is built to simulate groundwater flow in the Boeoticos Kifissos River Basin. This
is carried out by a research team at the NTUA within the frame of the project entitled “Modernization
of the supervision and management of the water resources for water supply of Athens” . Stochastic
groundwater flow simulation and forecasting is based on the MODFLOW model of the USGS which
had been calibrated in a previous study by the Ministry of Environment, Town Planning and Public
Works. Suitable computer programs are written to adapt the model package to the operational needs
which include stochastic simulation of rainfall. Finally, the adapted package is applied  to the karstic
aquifer system of Boeoticos Kifissos Basin for a typical scenario with average hydrologic conditions
and projected water requirements for irrigation and water supply within the basin and high (and zero)
withdrawals through the Vassili ka – Parori boreholes which supply water to Athens.



ii



iii

���y�r���k�D���b�a�6�

�s���(���$�� ��
............................................................................................................................................i

Abstract ..............................................................................................................................................i

1 ¡k¢{£I¤�¥�¦§¥(¨ 1

1.1 ©«ª/¬� �(®.¯/°
..................................................................................................................................1

1.2 ±³²(¬ ®.¯/�8�{´�� ²= ¯/µ�®X¶G® ·X��¸$�=¹ ª � ¬�1ºT¬ �V»�¼ $º�½ ................................................................................1

1.3 ¾ ® ·���¸$�(¹ ª � ¬,$ºy¬ ��»/¼ 1º�½ ..........................................................................................................3

2 ¿hÀ=Á,Â/¢Ã¤I£�ÄIÅ�Æ³ÄIÇGÈ1É=Ê)Ë�Ç$Ì`Í�Î/Ç�£IÇ/ÄIÇ�ÏÃ¦F£�Ð�Æ 4

2.1 Ñ;Ò ®�� $ÓGÔ ´ >²(¬,Õ � 1ºyÖ`Ò µ�¯ ÕV¬��×~ØFÙnÚ?ÛqØFÜ ..............................................................................4

2.2 Ý » ²$¬> ´(�C¸1�,¹a�1� ¬ ®.¯ Ô`¬ �8¯X´(���(�.¹ ª � ¬�$º ´ G²(¬,Õ � 1º .....................................................................4

2.3 Ý�º ´�´/°��=Þ�¹ ª � ª�¬ ® ½ �=�8® ¬�1º � Ó ®.¯ Õ,½ µ Ò µ�® ¬)ÔIª �)® ½ ............................................................................6

2.3.1 ß � ² ®.¯ Õ,½ µ Ò µ/® ¬)ÔIª �,® ½;¬�1ºBª�º/ª/¬)Ô ´�µ ¬��½ ........................................................................6
2.3.2 ß � ² ®.¯ Õ,½ µ Ò µ/® ¬)ÔIª �,® ½;¬�1º ´�µX¸>��´/µ ¬ ®.¯  »D´ G²$¬�Õ � $º ......................................................6
2.3.3 ±yÒ µ�® ¬)ÔIª �8® ½lª �§¶1�,¶  ´ Õ�² µ

..........................................................................................7
2.3.4 ±yÒ µ�® ¬)ÔIª �8® ½lª �a�,àGµ Ó °/´�� ² µ

........................................................................................8
2.4 Ý�º ´�´/°��=Þ�¹ ª � ª�¬ ® ½ ´(�J�=�,® ¬�(º � Ó ®.¯ Õ,½ µ Ò µ/® ¬)ÔXª �)® ½ ......................................................................9

3 á Á,Â�Ç/ÄIÊ�È=¤ 11

3.1 ß �,¹ Ó �=µ�Þ�®7¯�·f¶$��¶  ´ Õ�² µ
..........................................................................................................11

3.2 ¾ ��¶  ´ Õ�² µBâ��  ¼1° Ò=¬ ¹ ª � ½ ........................................................................................................11

3.3 ¾ ��¶  ´ Õ�² µ Ò µ��  ¼ ÔI½�º ¶$µ ¬� ��� º ´�· ¬ ¹ ² ¯/µ�® Ò � Ó(ã�² ....................................................................13

3.4 ¾ ��¶  ´ Õ�² µ ª�¬ ·�¸=´(� ½�º ¶(�  Þ  � Õ ¹ ² ...........................................................................................16

3.5 ¾ ��¶  ´ Õ�² µT¼1� ÔXª � ½�² ���  »
........................................................................................................17

4 äk¤?åXÄIÇGÈ�Å/Ä�Ð�£/Ð�Ä�ÇGÈ$É=Ê)Ë�Ç$ÌJæ�çJ¤�Î/¤?Â/Ç$À=Ê,Æ 20

4.1 ß � ² ®7¯�·
....................................................................................................................................20

4.2
�y���=®  ¼ Ô ´��,� ÕV¬ � ½ ...................................................................................................................20

4.3 ±³² µ Ò µX�=· ª/¬ µ ª � ¬ � ½�Ó �,¹k´�� ¬ �(� µ ½�¬�1ºyº ¶$�  Þ  � Õ µ ...................................................................21

4.4 ±³² µ Ò µX�=· ª/¬ µ ª �  �(® µ�¯ ã�²sª�º$² ¸>��¯ ã�² ......................................................................................21

4.4.1
�y��� º �(®.¯/·�è�· ² ¹!¯/µ�®/¯/· ¬ ¹~°/�$®�µ

...............................................................................21
4.4.2 Ñ�Ò ®7¯  ® ² ¹ ² ��µ º ¶(�  Þ  � Õ µT¯/µ�®�é  ®�¹ ¬ ®.¯  »sê��IÞ�® ªX »

.................................................23
4.4.3 ë ¶$��µ º �=®.¯ Õ,½ ® ¶G® ° ¬ � ¬ � ½�º ¶(�  Þ  � Õ µ ..........................................................................23

4.5 Ñ àG¹ ¬ ���(®.¯ Õ,½ ¶G®�� Ó$Õ � ª �8® ½ ...........................................................................................................23

4.6 ì ��¸  ¶  � $Ó ��µT¯/µ/®�¯��(® ¬)Ô �(®�µJâ(µX¸=´ G² °/´=� ª � ½ ...........................................................................26



iv

5 íCî�ï�ðVñ=ï�òôóIõ?öX÷Ãõ`ñ=ï$ø6óXïGù$ñ=ú)û�ï$øfü�ò{õDð8ý�ò�þ=ð�òôî�ÿ�öXòÃõ�� � þ�î � ö�ÿ 27

5.1 �������
	����������������������������
����! "#�� %$��
&('�$)&(������&*�
+��� ,'������
�� %-/.0�
���'1���!)&2+��
�����!�����
��3(45�!�6+���&
����7�8)9�45��� .................................................................................................27

5.2 :;9
�!���<��=�����
���>����&*�!+
?�9@�
��9�	���+
?�9 ......................................................................................28

5.3 :;9
=
�������A�!���
&B����<$#4C9D$��
&2'�$�&E������&(�
+���FG���!+��H���� ..................................................................30

5.3.1 IJ$H9�&2+�= ....................................................................................................................30
5.3.2 IJ$H9�&2+
�) K�!����&B�����$)&* .................................................................................................30
5.3.3 :L���
&B�����$#&* M�<$ON�$)N����
�P9!� ........................................................................................31
5.3.4 :L���
&B�����$#&* M�<$5$)Q1��8�7��
$R9
� ......................................................................................31
5.3.5 ST�>��$)&U������18�&2+��) K�!���
&B��<��$�&* ..................................................................................31

5.4 VJ'1$�N�&*���W��7! �+���&����!������3B����� ...................................................................................................31

5.5 XYN���8�3*$) Z'����<���� Z������8����<�<�
=��4J9 ............................................................................................32

5.5.1 [Z&(����8�4�81� ...............................................................................................................32
5.5.2 \]�����6+��!��
�!7�8�4C9 ...................................................................................................32
5.5.3 XL��3*��������^������8����<�<�
=!�4J9 ......................................................................................33
5.5.4 _^����+���	��
��&(�W�!�H9!�`N�$)N������R9!� ...................................................................................33
5.5.5 Sa$���<�������=`N1$�N����
�P9
�Gbc�<��'1$)3(�G$)&2��7!N����^�<����8���������=��4C9
d .......................................33

5.6 _e&(�!��)&2+��>$)f������
��81�A$��
&2'1$)&(������&*�!+���F^���
+��g)��� .......................................................................34

6 hKi�ù�ï�jkÿ>k`h
ø�ó�ý�ð�î�l?ö�óXõ�ñ=õ 44

m ù�õ�nqï�î/ú�o 47

p õ�ñ�lXû�ï$ü�ï!o§ö�ø�ó�q�r(û�shù 49

íDõ�î�l�î=ñ$ÿ;óXõ m k`íC÷.ù=õW�Xð�oOt�ð)t�ï/óIú�ù�saùsð)ý�òun�õ�ù�ð�ò{õW� � ovq�î/ï(þ�r(ýXñ�snö/ÿwo 50

íDõ�î�l�î=ñ$ÿ;óXõAxTk`y@t�õ/ñ�òu��lCò{öIï!zPi/ü�ò{õ`ø�t�î�ï!n�ï�î�ú,õ 53
{ N���)&2+�=G&*�<�!|PF
8�&*�GN�&(��'1$�&E��&(��)&2+���FG��$R9
����3*���~} .................................................................................53
{ N���)&2+�=G&*�<�!|PF
8�&*�GN�&(��'1$�&E��&(��)&2+���FG��$R9
����3*���`� .................................................................................59



1

1 
�������~�����A�

1.1 ���]���]�K�g�e�
���������������)�g�
�1�
�¡ 
¢�����£
��¤�¥�¦��§ ����¨�
©!�!ª* �«(�¬����¢/�����g¢���¥��#«2¦����®���¯���¢�°
�±�)ªU�#©!�¨²�³C¦� �¢!¯������1�!«( �°��!�A�#¥��
�������!���#ª*���D¦��
«a´�«*�
�1�#ª*��«* !¥��µ����¢¶ !¢� ���·W°������!�µ�)¸C��¢�´����#«2¦�¹C�º���
��¸C�»��´����H¢� 
¥����#¥���¼G¤�·!�
���g½º����¢
���
�����¤�¥�¦
�A�
���§��¥!�~³J¾L¿Z¼eÀÂÁÃ°!�6��¥��T�
���~Ä�Å1ÆcÇ1Æ�È�É!É!ÉT�
���!Ê��� 
¥Ë����¢Ë¿K«(�!«B¦�¥��)«2¦����TÌW¢�°�Í���¢�©�ª(��¢~��¥��gÎÏ ��
�����g¢���¥��)«B¦!·Ð��°
£�´��~����¢a����°�)�Ñ¾@´����)«2¦
¹���À@�
��¸C�
ÒC¾@´����!¢
©�«B¦
¹��~¦��
«OÓY��©!£
 � �«(¸J�6Ô¡�1¯�¸C���)��¢a³JÕÑÀ�°��
���
«* ���¥W°�����«2¦��Y¢
���H�<¤�¢��
�e�)�1�@���
ª2¦���¢��!�e¦��<¤�¥�¯1¥��g·6³CÕÑÀÖ¿;×�Ø@��¢!�� <��¯�«(£�����¥w×
¼;���)«2¦��#ªu°!�H���Ù����¢±���H������¢��e��ªÚ�
�
«C�± ����)´�«*�
 W°
�!�Y¦��
«J¥§¢�©!������ªU¥� 
¥Ñ�H���!�G°
�<¤�¥W°
�!�)«2¦����Ë°
�����)#©!��¢±¢
����¯���«*���
¢�´����!Ê��
��ª*���O¯�«*�¡�#�
«(���#«E��¥< <«*�!¦�·��1��·� 
¥� 
�#¥±©!��¦�£���¥±����¢¡Ûv��«(¸M�)«2¦����ÙØe¥�ÊW«( <���W×����§°
�������©!�>¢�©!������«B·�¤�¥�¦��
°
� �¸/�R�
�!�]¢
����©!��¯�«* 
�#«2¦����¡ �¢� ���·W°
�!�)�!�O����¢±�!¦���©���¢<¤��#ªW�
«( ���£>��¥§ ��1�g�)«2¦�·����
£
©�¢� �¥±�!����«U�#·� ��)¸C�AÁÜØ@������Ý
Í�� ¦�¢<�!�!�a¦�× £�× Ò~È�É!É!É!ÎH×eÞß����©!�H¢
���
ª*�%#���)«Ù �¢���������¤��#ª¡ 
��°�Ê�¸J�
�à°
�¬���áÀL�<��£�����¥�°
�%â���¥��¬ ���°�Í!�� �¥��
���
£�¤��# �¥�������¢`�����g¢���¥���«B¦����6)��¯���¢`Áã³J¾@¿�¼LÀÏÆE³CÕÑÀ^Ò�È#É�É!É�Í�ÎH×
Ì���¥> 
��������ä#¥`����¢G�������������!���)�g���1��¢��M 
¢�°<°
�H���#ª2�1���G��«cå
1. 

âP×#æ`��©�°���£�����¥���Ò�¿5�^°�¥<������«B¦��
��Ò�¦��
«
2. 

³5×�ç��!è#�!��Ò�À@��©�«U�)«B¦��
��ÕT¥��1���!«2¦��!��Ò1¢
���!éC·�Ê�«*�!�M¿]��×
ê �K ���°�Í���¢�©��!«!¯1«*�@�)«*�Z����¯��� �ª(�)�Z����¢G���)��«B¯���£�Ê��1�����
«� ����e�)�g�
���!�M���1¯�£� 
�g¥<¦����^��«Üå
1. 

À`×�Õa�<��ª �
�!��Ò�¦��<¤�¥�¯1¥���·��Z³CÕÑÀ
2. 

À`×�ÀL�
�����!«2¦���©!£���¢<Ò!���
ª2¦���¢<���!�Z¦���¤�¥�¯�¥��#·���À@���
���
«( ���¥W°!ª(��¢6ÓÏ�� � ��
©�ª*���
3. 

ÛY×1¿]P�
´�����¢<Ò�¿5�G°�¥�������«B¦��!�
4. 

¼6×�ÀL���!�!¯�������¢
©!�!��Ò�¿5�;¢�´�����¯��#¸]©���¯��
�
5. 

ÛY×�À@����©�����!��Ò1¢�´�����¯���¸M©!��¯��!�
6. 

ÌK×1¿]���
¦���������©!��¢<Ò1¢<´�����¯��#¸]©!��¯��!�

1.2 ëTì �C�g�eí�î�ï;í ì �¬�LðO�eñK�)òY�OóO�OôÑ�Oõ"�Z�CöÖ�Zí!÷5ø��Cövù
Ì����§ÀL�<��£����g¥�°
�~âO��¥��LÌ���°�Í��� 
¥��e����¢Ë���¯���¢ËÁÜ³J¾L¿Z¼eÀYÆ*³�ÕTÀ@ÒYÈ#É!É!É!�
Îe���
��Ê�����g���
«5��¥���£Ë�~ ������1�!�@����¢
¢
���`°
�)©����¥> 
¢� ���·W°������!�M¸5�M��ä#·��)å
ú�û�üÑý�ü�þ�ÿ����
ü�����ü	��ü�ý�ü�
�������§ÿHü	��������ü��!ü	�����!ü	���������
ü	� ��ÿ!�"��#$�	%�þ��'&]ü���vÿ����!ü	�)(*��+,�-��ü	�).0/��1
����	�)2�3
��#4�5� �	31ý�65%
þ�#7��ý83129��ý:3
ÿ�����;)3
þ<3��	3��:%���ÿ�3�����ÿ��;þ=�	���8�-�;þ>������ü��!ü	������?;þ>����#4�:�$31����?Ïþ>��ÿ��@��#$�	%�þ��A31�!ü�����ü�;��
ÿ�B	��üA�C�-3aÿ�3�#C���+D3�þ�#��-3	�	%Ðþ�#4�:%'B	��ü)�	3E�F�C�-3aÿ�3 �<��B	�!#��-3�G5HI��ü	�J�:3�ý!ý:3
ÿ$
K$#gÿ�31�F�L�M��þ<3"�	3!ÿ�3
þ�#cýN��ýN��þ�ü"��ÿHü
O ?P�Wü¡ý�ü�þ)ÿ����!ü¡ýN#Q3�����ü)ýN#4�N;)�	%
þ1þ<3C6JüTÿ�B	��üR�	3!ÿ�%aÿS�!þ�ü��8�KCB�þ�ÿ$�-3 B	��üR�	3E�T�	3!ÿ�%Ëÿ!��þ>�	3!ÿ�3	�	B��:�<+1�A��þ�þ�ü��-3U 3�þ�3���37�:%���ÿ�3����~ÿ��;þ>���	B��!#���;þ@�����Wü�+EB��:�;þV��ÿW�:�Zý:%!ÿ!�;þYX9Gvû�üÙýwü�þ)ÿ����!üA2�3=653���
K$#gÿ�31�Z��ÿ��-�YýN#gÿW�D;��9#���6ÿ!�vþ
�	3!ÿ�3	���,��ýWþ��-�#ý:%!ÿ��vþ'�	3E�@ÿ��Ïþ~ý,#gÿS#C�[�Wü��
ü	�C����?vþ~ý,#gÿ!3�61����ÿ!?;þÐÿ����>��#$�	%
þ����S\6ÿ!�;þ��	3���ü O ?;þ]��ÿ��'^*�?[�:�<�$3
(L37�,�	
Uÿ!��31�_�	3D�"�9#`#�þ����-%�ý,#C�9#C�a2<�C�9#��-�S\'�	312�?��b�	3E���9#03
þ<%��	�<�9��ÿ!�Ïþc�<#���ü�ýN�gþ��;þ`��#��UÿHü	���,�C
-31�áÿ��;þ
�!#C�vÿW�,;��9#C�;þ6ÿ����Ld*/�^:efHg3����	%h�	31�f%����	�vþ=+�ü��N�C�vþ�GKû�#������	B>#Ci731�$B)ýN#�þ�B±ÿHü	�=2�3h#�
Uþ<3E�[�6ýN#�����ü�þ�ÿ$�j��;<\k�	%12<#
+�ü��:%9\T�	�-3	�	�Hý:3
þ<�9� ÿ!���l3��!ü����Wü�;��LÿHü	�l&Kü��-�Oÿ����!ü	�m(I��+:�-��ü	�Q��ÿ��M^n�?[�:�<�$3@(L37�,�	
Uÿ!�	3��m�C�-3�ÿ!3h#C��B)ý,#�þ�3h�gÿ!�
�	3E�R�g3
þ�ÿ$
��ÿHü�� O �g���:B	�Hþ������Âÿ!�vþo#$�)ý,#gÿ!3<����#C�<��� ý,�;þc31�!ü�2<#cý:%
ÿ!�vþàÿ��vþc�<�	B	�!#��-�vþp������ü	+�ü$�N�C�;þc�!ü	�
#$�)ýN#gÿ�3�����#C��#gÿ!3D�	�Ld*/�^:efHqG-r



2

s:t�uqv�w:x�y7z-u|{	}	t7~m�1�����1y�����{q�<z �	y��,�<�Wy�}��1��z ��wDv	wQt��5�M~����[�m�1u9}��<�<wDv1�Yx�u���u��Wu<���<t�{��Nv�t�uq��{E��~��qt�y����<u	���M���
x�u���t����	ul�E��u�vEu�x�u�z��Zv�wD�Tt�u9}m}1����u��	u9�<��1u9�|�������	u<}Mv�t�w@�	y$���9��wQ�*u��W�ft7��1u9�|�LwE�,�WvEu9�m������z-��wD�Fy��<�	u	yCz�t�{��
t�u=v�����u��	uMt7�P�>x�{E��w,x�{	t7�-���P��vE�<�CvEy7�5�Q��{��Tx�y��<~	�<�[�=��u�}Vy�����t����C��u9}9�Qt�w	�>y���z-�9}�v�wht7�P�@y7����v1�nv1y��5�QtCwD�
��u9�D�At�u9}_}���~9�<y7�Wu<}��	y���u<�,���fu�}���u���u9�9��v�tC�-��~bv	�1v�t�w,x�{ox��7vE��t�u<}0u���u�zWu9}b}��	u���u��Wy�zt�{���t7uax�u���t7���	u
{9��{��:����y�t�{��k��{��Z�n�ls:� �*¡I¢4�g£4s:��v�t�w,x�{)�1�	u�vEu�x�u�z��Zv�wD�lt7u9}R}E�9��u��	u����-��u9�A��������u<}�v	t�w'��yC���9��w��*u��W�n¤
t7�-��u9�V�LwD�,��vDu<�=�¥����z-��wD�$¦n�1{��[��y������	{Ex�§	�9��y7�5t�uVv	���	u��	u@t7u9}¥�	u9���Wv,x��-��u9�¥��u<}R�<�9wEv1�Yx�u���u��WyCz�t�{��P���W{Vt�w��
yC�WvD{��<�T���=�9y7�9u�x	�!�	�[��¨	t����7���Yx�ult7u9}@x�u��9t����	u<}M��{��,u���t7�-��u��1u�z�wNv�w=��{��Ny���t$�����Zv�w�t7�P�|{���u9t7yC��y7v,x��	t7�5�D���fu
}���u��	u<�9�-v�t7�-��~lv���v�t�w,x�{qy������	���9y$t�{��E{	��~��	u9�<�WvNx����~l�1u<}M�<�W{�tCzJ�9y$t�{	�Dv�t�w	�|{���u����N�9�P�C�	u	��¨	�n�ny����-�<yC�W�<wDv1��{���~
��{	����t�uM{9��{��:����y$t�{	�Dt�u|v��9��u���uq�1��u<����{ExEx���t��[�q���W{|tCw��MyC������y7���<wNv��W{	���>�<�<�Dv�w=t�u<}Vx�u<�<t����	u�},���fu|��{	����t�u
��y������	{Dx�§�����yC�E���7{=�1��u<�����ExEx�{	t�{Q��u9}Q�����1�Dw1��{<�=v�t7uM��{E��~��Q������uQ{����	�=��{��,t�uM��{1��{����9���'}���u��	u9�9�-v�tC�-��~
v���v�t�w,x�{"£4s:� �*¡I¢4�l¦!�8s5yQ~9t7�*{1�Nu�����v�t�u�x�u<�<t����	u)��{��Zt�u¥}���u��	u9�<��v�tC��1~Av	�1v�t�w,x�{��7��yC�Z�N��w�v�}9��t�{��<�9yCz
v1�<y�t7�-��� {����	�9}�v�w'{	��{��t��Dv1y7�[�)£Y��{E��{ §�u ��}E��~	�m�N� �N� ¨L©Cª	ª	ª�¦��8«:�W{)t�uRy�������y7���9wDv��W{	�1~¥��{	����t�u�¨[w'{<�����<}1v�w
{	��{���tC�DvEy7�5�m��zj�	y$t�{���v�t�u ��{E��~�� t7y$���<u	���
�Puc}���u��	u<�9�-v�t7�-��~¬v��1v�t�w,x�{{���u9t7yC��yCzJ¨)x�{�®$z x�ybt�up}���u�v���v�t�w,x�{g�1��~9�7���nv�wD��t7�[�¯y7�-vN��u	�[�¯v�t7u9}1�
t�{Ex��Wy$}�t��N�	y7� °8}	�	�	u9}E¨m±"~�����u<}0��{��=±"{���{E�9�5��{1¨����	{a�1{�zJ����u0§�u�wN��w�t7�-��~ay�����{���y7z�u_�9��{0t�uav	�1v�t�w,x�{
}���u	v�t��D���W�7wD�Lt�wD�����W{���yCzJ�9�Wv�wN��t�u<}>}1����u	�9u9t7�-��u<�Rv�}�v�t��:x�{�t�u	�LtCwD� ²l���	��{���£Y�l�9��u<�	u�x��7{��$¦S¨8�$t�v��T�Zv�t7ylt�u
t�yC��y�}	t�{	zWu���{={9��t�{���u��1�9�J�9yCz:v1y�v	}	�<��y��1���Yx����	y7�Iy�������yC�J�<wEvE�W{	���7�I{��	�	����y��nt�wD�F°[��³f² ´q�1¡��5{��������1y7��{�}	t��7�
v�}9��u�µTz�®7u��9t�{����n�T{���{��t��DvEyC�W�k{	���9��t�wEv�wD� v1yny����Pt��:x�{	t�{�t�wD�nx�u����D�N��¶
1. 
´�u��W{qyCz �	{��	w=x	���<��v�t�w|y�t��EvE�W{m��}9��{�t�~�t�w�t�{q{	��~���w1µ[wN�8�	y���u<�E¨<�<�W{q�<y��9u�x�����uL}1�9�	u��	u9���-��~���{1�9y7v�t��n�T��{��
�<y��<u1x��!��w�{����Wu�����v�t7zW{E·

2. 
±"yZ��u��W{q���W{	�<y��J����v�t7�-���|��u����t7�-���My7��{�vD�:{���zW®Cy$t�{��	w|��{1��{����9�	�"{���~��9w1µPw��	y���u<�,·

3. 
´�u��WulyCz �	{��	t7u���~	v�t7u��[t�wN�P��{E��{	�����	�����W{	�<y��J����v�t�����N�P��u	���jt7�-���N�7·

4. 
´�u��W{�y7z ��{��nw¸§����9t7��v�t�w'��u	����t7�-���¹�<�W{	��yCzW����v�wD�q�9�W{)t�w��)�1�	�9}�µ[w¹�9y7�9u�x	���9wN��®��1t�wEv�wN��¨f���W{ �9y��<u�x�����u
}1�9�	u���u9�<�-��~���{1�<y�v	t��n�P�1{��1�9y7�9u�x��!��w�{����Wu�����v�t7zW{E·

5. 
´�u��WulyCz �	{��	t7uly��	{����-v�t�u���u��w:x��!�	u���~	v�t7u��[t�wN�P��u����tC�-���D�k{�}�t��D�7·

6. 
´��n���9{¥y7��yC���-�<�9yCz5wA�<��{E�<y7vE�Jx�~<t�w�t�{@}1�9{�t�����[�@�1~����[�@t7u9}1� yC��~�x�y���u<}1�mx��	�	y7�l£4���J�9{<���Ry���{����	{	�	t7��1�
vEy����1����{�¦�·

7. 
´�u��W{�yCz ��{��Ew=y���z-��t��Zv�w=v�t�u�x������	u��|£4�N� ����vEyLu	��zW®Cu��9t�{)©7ºmy$t7�P�	¦Py���~	�*v	}�����y��E���Yx	�!��u<}=�<�W{���y7�J�9��v�t7�-��u9�
x��$t��	u<}N·

8. 
´�u��Wy7�hyCz ��{���u	��yC����	t7�kvDyC�W�Vy!��~	�Q}���~�x�y��	��t�w�������u<}�£4�N� �	�f���Cu9}�{����P��u<�E¨ y��	z-vE�C}1v�w�}1����{��9�f�9y�zWu9}E¨
{9��t7����u�v�t�{�vEz�u9}E¨9��tC�E� ¦

9. 
´�~	vDu`y��N���tC�py�zj�	{���wpy��1����t�{�v�wot7�P�`����{�v�t�wD���Wu9t���t��5�bt�wD� °5��³P² ´»£¼�N� ��� }1����u	�9~9tCwEv�wp�������P�
��y����Wu����[�	¦

10. 
´�u��Wy7�Ay7z ��{��|u���y����-��t7�ZvEy7���)y��	~��"{1����w�tC�-��u9�b�	���Yx�{�t����u9�`vDy��	{1��zWu<}`£¼��x1x�u��9wo�CwN��{�v1zW{1¨������Yx�{	t7��	�
{����	{����D¦,��{������n�T{	}	t�~��1������y����	{q{9�9t7�Yx�y$t��k����v�t7y7zJ·

11. 
´�~	vDu|y���{1����yCzW�FyCz �	{��Du��1}1�,�Wv	t��Dx�y���y7�Fy7�,y�����������n��w����7�F£4}���~<�9y7�-u	�1}1�9{	t7��1u�zD�1~���u��W¦[��{	�Dt�{={9��tCzWv	t�u����<{
���<��{c{�����u���u�zwEv��N�'t�u<}1�'�<�W{0tCw��a�1���<}�µ[w½yC�W���-���[�ov�}9����w1���[�`�g����t�{���t7�5�o��y����-v�t�{�tC�-���P�¾£4�N� ���
¡��9}Dx	����{���u�z	²L�9�[��y7�$¦S·

12. 
±"yZ��u��Wu�t���~���u�{9�9t7�Yx�y�t��k��zW®Cu���t�{	�	t�{l�1y��9�Wv�t�{�t7�-���q{�}	t��E·

¿ ���n�_{9��{��:����y�t�{��Av�t�up��y��:���	{	�Wu½Àpt�u<}¯t7y$���<u9}1���1��u	�<�W{����	{��,�[��¨Vt�u¯v���v�t�w:x�{½}���u	v�t��N�9�W�7wD�ÁtCwD�
�<��{���y7z����Wv�wD��t7�[�>}1�9{�tC�-���[�V�1~����[�@�1����y�}1v�wD��t�wD��²m���	��{��q£Y�l�9�	u��	u�x��7{1�$¦I��y����-�	{ExE§��9��y��Tt$w	�¥���9�D�<w���{��
�	y���t�u1x�y7�<�Â�1��u�vDu�x�u�z��nv�wÃt�wD�Ä�<�W{	��zj��wEv�wD��t�u<}»��y���u<�Âv�t�{Åy����Tt7y�������»}1����{��9�T�<yCzW{Å£Sx��C�����0t�{
�<��}1�9�Wv�t��D���W{�¦�¨Nt�u<}1�Lt�{Ex���y$}	t��N��y��L��{��5t�{¥�����	{¥���<�9{h��u<}Rv�}9�	�9��u��9t�{��Zx	ymt�u>y����ft�y��9�-��~h�<z-��t�}�u@�1����y$}�v�wD�
t�wD�k²m������{����9´l��{��	x�{	t�u���u���yCz5§�y��9t7��v�t�u���u�zwEv�wQt7�P�|��{<��~����[�M��yC�t�u<}E���<zW{1�Zt�u<}=v	}�v�t��,x�{�t�u	�Zt�{Ex	��y$}�t��D���[��¨
v�}9��}���u��	u���zW®Cu���t�{��Tt7�W�nv�t�{�t7��1�7�k��{��N�7}��	{Dx	�-���7�k���9w,��u	�:u��9zWy7�kt7u9}q}1����u�v�}�v�t��:x�{�t�u��Z��{��,{��7�Wu��1u��-�P��t�{��ktC�W�
���9wN��u��,u��9z�y��F{	��~lt�uqv���v�t�w:x�{|t�w1�	y�x��$t��<wEv�wD����s,}9��}���u��	u9��zW®Cy7�J¨	�����	{<�mtCwD�Z�1����y$}�v�wD�Zt�wN�Z²l���	��{���¨���{��Et7�W�
������y7�`�9yCv,x�u��9y�t�w,x	����y��_�9�<�DvEy��W�Á�	y7�	u9�g�1{��"�1�	u9t7yCzj��y7��y!��{��9�	{���tC�-���7�`��}9�	{	t�~9t�w�t7y��_��y7��t�u<}E���<zW{��`vEy



3

Æ�Ç�È�É-Æ�Ê�ËZÌDÇ�ÉWÍZÎ�Ï	Ð1Î�Ë[Ñ�Ê�Ò<Ó|Ì�Ó�Ì�Ê�Ô:Õ�Ð�Ê�Ò�Í�Ö�×[ÇFÌ	Ó�Ñ�Ø�Ô1Ù�Ç�ÍkÐ	Ó1ÚCÛ:Õ�Ü�Ñ�ÛDÍZÝ�Ô1Ê�ÛEÌ�ÛNÍ[Ñ�Ç�È	Ò<ÞEß	Ì1ÇnÆ1Ç�È9É-Æ�Ê�ËZÌEÇ�ÉWÍFÎ�Ï	à1Î9ÛDÍ
ÌEÇFÜ�Ñ	Ð�Ó1á�È�Ð	â<ãfâ9Ç7ä-ÒmÐ�Ñ	ÐDÕ�Ü�Ñ	Ç$Ê�Ð�É�Ñ�Ðlâ�äjÑ�Ò�Ñ9Ê�Ð�É1Ì�Û,Õ�Ð�Ñ�ÊCÉÙ�Ü�ÍkÐ�Æ�Ò�Ï9Ô1åkÇ�ÉWÍkÐ�Æ�æ�Ê�Ò9Ó1ÍfÓ�Æ�æ9â9ÇCÉWÒ<Ó1ÍTÓ1á�È�Ò�ç:Ò�È�Ç�äWÍTÊ�Ò<Ó
Ó1á�È�Ò	Ì	Ó�Ì�Ê�Ô:Õ�Ð�Ê�Ò�Í>Ò�É�Ò�Æ�Ò�äWÒ�É�Ø<Ç7ãnÈ�Ò<Þ�Ñ9Ê�Ð�ÉWßFâ<Ç!Ñ�É-Ù�à1ß�Ç7ç,Ç7á�È�É-Ù�Ü7Í@Æ�Û�â9Ü7Íhè4é[ê�ëfì í�ß�îCï	ï�ð�ñ!Ö*ò�ÉlÒ�Õ�à1á�Ç�Í=Ê�ã5Ñ
â9Ç7ãfÊ�È<ÔEÌEÇ7ãPÑ¥Æ�Ò9ÓDßfÌ�Ô,Õ�Ç�È�Ð1ß[Û é[ê�ëfì ígØ9Ç�ãZÈ�ÇCä*æ9Ê7ÉIØ9Ð)Æ1È�ÜCÆ�Ç�ÉkÑ�Ð á<ÉWÐ�Ê$Û,È�Ò<Þ�Ñ9Ê�Ð	ÉpÌEÇ@ÇCç:Ç�á9È�Ç7äWÐ Ç�äjÑ�Ð	ÉIÒ�É
Ð	Ù�æ�Ï	Ò�ÓEØ�Ç�Í�ó
1. ô Ð�ÓEÈ�Ò�ÌDÒ<ÓDÎ�à	Ï	Ð1Í
2. ò*Þ	â�â9È�ã[Ñ�Ù�Ð�É�í�ÐEÈ�Ð	Ï�äYÕ<Ñ�ÛDÍ
3. ìLÓ�Ï�ËPÑ	ÐEß9Ù�Ð�É
4. õ Ð1Ì1É�Ï�É-Ù�Ë[Ñ�öqí�Ð1È�Ò�È9äWÒ<Ó,Ö
ì Æ�æ�Ê7ÉWÍTÆ�Ð1È�Ð�Æ�à9Ñ�ã)â9ÇCãTÊ�È<ÔDÌEÇCÉWÍ�ß	Ð�Ó�Ê7Ü7ÍfÊ�ÛDÍfÊ�Ç�Ï	Ç�Ó	Ê�Ð�äWÐ�ÍZÒ�Õ�à1á<Ð1ÍZÐ9Ñ�ÊCÏ	Ò9Þ9Ñ�Ñ�Ç�È�æmÐ	Æ�æ�Ê�Ò�ÑmÆ	ÉWÒqÌ�Û:Õ�Ð<Ñ�Ê7É-Ù�ælÙ�Ð�É
Ç�Ù�Ê�Ç�Ê�ÐEÕ�Ü�Ñ�ÒLÓ1á�È�Ò	ç:Ò	È	Ü7ÐlÊ�Ò<ÓlÓ1á�È�Ò�Ì�Ó�Ì�Ê�Ô,Õ�Ð�Ê�Ò	ÍTÆ�Ò9Ó|ÇCä Ñ�Ð�ÉDÐ�Ó	Ê�æ	ÍfÊ�ÛDÍkÏ�Ç�Ù�à�Ñ9ÛNÍ õ Ò�ÉWãTÊCÉ-Ù�Ò9Þm÷LÛDçNÉWÌDÒ<Þ,Ö<ø8ÉWÐlÊ�ÒÏ	æ9â�Ò�Ð�Ó	Ê�æ�ßLÛoá�Ó9Ñ	ÐDÕ	É-Ù�ÔaÆ�Ï9ÛNÈ	Ò�ç,Ò�È�ä�ÐbÌEù�Ç$Ê�ÉÙ�à0Õ�ÇAÊ�Ð`Ð	Æ�Ò�Ø9Ü�Õ�Ð	Ê�ÐÁÓ�Æ1æ9â<Ç7É�Ò<Ó�Ñ�Ç�È�Ò<ÞbÌ�Ê�Û0Ï�Ç�Ù�à9Ñ�ÛbÊ�Ò9Ó
õ Ò�ÉWãfÊCÉ-Ù�Ò9Þl÷LÛNç,É-ÌDÒ<Þ|Ç�äjÑ	Ð�É�Ù1È�ä�ÌEÉJÕ�Û|â�ÉWÐlÊ�ÛMÏ	Ç�ÉÊ�Ò9Ó1È<â<äWÐlÊ�Ò9Ó|Ì	Ó1Ì�Ê�Ô,Õ�Ð�Ê�Ò	ÍfÓ�Æ�Ò�Ì�Ê�ÔNÈ�É�Ú7ÛDÍfÊ�ÛDÍZá<É�Ð�ù�ÇCäWÈ�É�Ì�ÛDÍfÊ�Ò<ÓÌ�Ó�Ì�Ê�Ô,Õ�Ð�Ê�Ò�Íhè4ê�á�È�Ò�Ñ�Ò�Õ�Ü�Ð�Í�ñ!Ö õ Ü�Î�Ð�É�ÐEß*â<É�Ð¸Ê�Ð�Ì�Û:Õ�Ç�È9É Ñ�à�ÇCÆ�äÆ1Ç7á9ÐÁÝ�Ô1Ê�ÛEÌ�ÛDÍ=Ñ�Ç�È�Ò<Þ�Ù�Ð�ÉMÕ�Ç"Ð	Æ1È	æ�Ì�Ù�Ò�Æ	Ê�ÛÏ	ÇCÉ�Ê�Ò9Ó1È<â9äWÐlÊ�ã5Ñ|ÇCÚ�ãTÊ7Ç�È�É-Ù�ËPÑ�Ó1á�È�Ð�â�ãPâ�Ç�äWã[Ñ�ß�Ê�ÐlÓ�Æ�æ9â9ÇCÉWÐ�Ñ�Ç�È�à_Ê�Ò9Ó õ Ö<÷LÛDç,É�ÌEÒ9Þ|Æ�Ð1È	ÐEÕ�Ü!Ñ	Ò<Ó�ÑqãnÍZÇ7ç,Ç�á�È�ÉÙ	ÔÆ�Û�â�Ô8ÖE×5Çqæ9Ê7ÉTÐ�ç:Ò�È�àVÊ�Û)Ï	ÇCÙ�à9Ñ9ÛRÊ�ÛDÍ ê�Ï�ä-Ù�ÛDÍ�ß[Ò�É[â9Ç7ãfÊ�È<ÔDÌEÇCÉWÍ�Æ�Ò<ÓRÜCù�Ò9Ó9Ñ¥á<É�Ð9Ñ	Ò�É�ù9Ø<ÇCäfÌ�Ê�Û	Ñ@Æ1Ç�È9äYÕ�Ç�Ê�È�Ò=ÊCÛDÍ
Ï�äYÕ<Ñ�ÛDÍ*Ù�Ð	Ê�àQÊ�Û�ÑMÊ7ÇCÏ�Ç$Ó�Ê�Ð	äWÐQÆ�Ç�È9äWÒ	á<ÒQÏ�ÇCÉ-å[Ó1á9È�äWÐ�ÍLØ9Ç7ãnÈ�Ç7äÊ�Ð�É8æ9Ê7É5Ð<Ñ�Ê7Ï�Ò9Þ9Ñ=Ò<Ó1Ì1ÉWÐ�Ì�ÊCÉ-Ù�àMÑ�Ç7È�æQÐ�Æ�æ|Ê�ÛVÏ�äYÕ�Ñ�Û
èSÕ�ÇCÉ�ËPÑ�Ò�Ñ�Ê�Ð�ÍLÊ�Ð¥Ð	Æ�Ò�Ø�Ü�Õ�Ð	Ê�à>Ê�ÛDÍ$ñnÙ�Ð�ÉWß,Ù1Ð�Ê�àhÌ	Ó�Ñ	Ü�Æ�Ç7ÉWÐ1ß8á<Ç!Ñ@Æ�ÐEÈ�Ò9Ó1Ì1É-à1ÝCÒ<Ó�Ñ>Ç�Ñ	á�ÉWÐ�ç:Ü�È�Ò�Ñ>â�ÉWÐVÊ�Û�Ñ>Þ1á9È�Ç�Ó1Ì�Û
Ê�ÛDÍLìlØ�Ô	Ñ�Ð1Í�ÖEø8É¼úTÐ�Ó	Ê�æ@Ù�Ð�ÉPÌ�Ê�Û�Ñ@Æ1Ð1È�Ò<Þ1ÌDÐVÆ1È�ËTÊ�ÛAç:à�Ì�Û¥Ê�Ò<ÓRÇ7È�Ç$Ó�Ñ9Û�Ê7É-Ù�Ò9ÞhÜ�È�â9Ò<ÓEß:ÛRÓ�Æ�æ<â�Ç�ÉWÐVÓ1á�È�Ò	ç:Ò�È�äWÐ
Ê�ÛDÍ�Ï	Ç�Ù�à9Ñ�ÛDÍ*Ê�ÛDÍFê�Ï�äÙ	ÛDÍ�á9Ç!Ñ=á�ÉWÇ�È�Ç$Ó9Ñ�ÔNØ�ÛEÙ�Ç<Ö1òûÏ	æ<â�Ò	Í*Ô1Ê�Ð9Ñ=ÒQÆ�Ç�È9ÉWÒ�È�É�ÌNÕ�Ü�Ñ�Ò	Í�ù9È�æ�Ñ�Ò	ÍIÙ�Ð�É:Ê�Ð@Ò	ÉÙ�Ò<Ñ�Ò�Õ�ÉÙ1à
Õ�Ü�ÌEÐVÊ�Ò<ÓRÜ�È9â9Ò<Ó,ÖE×:ÊCÛ"á<Ç$Þ	Ê7Ç�È<Û,ß5æ�Õ	ãnÍ�ß5ç:à1Ì�Û¥Ê�Ò9ÓRÜ�È�â�Ò<ÓEß,Û"á<ÉWÇ7È�Ç�Þ�Ñ9ÛEÌ�ÛRÊ�ÛNÍLÓ�Æ�æ�â<ÇCÉWÐ1Í Ó1á�È�Ò	ç:Ò�È�ä�Ð1Í�Ì�Ê�Û�Ñ
ê�Ï�ä-Ù�Û|Ù1È�ä Ñ�Ç$Ê�Ð	ÉEÐ9Ñ�Ð�â<Ù�Ð�äWÐ�â�ÉWÐqá�Þ1Ò�ß�Ê�Ò9Ó�Ï	à�ù�É�Ì�Ê�Ò�Ñ�ß9Ï	æ9â�Ò<Ó1Í�ó
1. ü Ó�Æ�æ9â9ÇCÉ�Ð�Ó1á�È�Ò	ç:Ò�È�ä�Ð�Ê�ÛNÍfÏ	ÇCÙ�à<Ñ�ÛDÍTÌ1ù<Ç$ÊCäWÝCÇ$Ê�Ð�É1àEÕ�ÇCÌDÐ|Õ�ÇkÊCÉWÍTÐ�Æ�ËkÏ�Ç7É-Ç�Í[Ê�ÛNÍfÏ�äYÕ<Ñ9ÛNÍ�ß9Ù�Ð�É
2. ü Õ�Ç7Ï	Ü$Ê$Û Ê�ÛDÍmÓ1á�È�Ò�ç:Ò�È�äWÐ1ÍMÐ�Ó�Ê�ÔDÍ�ÇCä Ñ	Ð�É*Ð	Æ�Ð1È�Ð�äÊ�Û�Ê�Û"â9ÉWÐ)Ê�Û	ÑRÆEÈ�Ò�Ì�Ê�Ð1Ì1ä�Ð)Ê�Ò<ÓAÓ�Æ�æ<â�ÇCÉ�Ò9ÓRÑ	Ç7È�Ò9Þ Ð�Æ�æÆ1Ò�É�Ò�Ê7É-Ù�ÔqÓ�Æ�Ò�Î�à1Ø�Õ�ÉWÌ	Û8Ö

1.3 ý|þ7ÿ����������	��
����
���	������� ÒVÆ�ÐEÈ�æ�Ñ>Ê7Ç�Þ�ù�Ò	Í�Æ�Ç�È�ÉÏ	ÐDÕ1Î�à9Ñ	Ç7ÉfÆ�Ü�Ñ9Ê7ÇqÙ1Ç7ç:à	Ï	Ð�ÉWÐ)Ð�Æ�æ>Ê�Ð)Ò�Æ�Ò�äWÐhÊ�ÒVÆ1È�ËTÊ�ÒhÇCä Ñ�Ð�ÉTÛ"Æ�Ð1È	Ò<Þ1ÌEÐ)Ç7É-ÌDÐ�â9ãPâ�Ô8Ö
×:Ê�Ò|á9Ç�Þ	Ê7Ç�È�ÒmÙ�ÇCç:à�Ï	Ð�É-Ò|ÌEù�Ò�Ï�ÉWà1ÝCÇ$Ê�Ð	ÉEÊ�ÒmÆ1È	æ�Î9Ï9Û,Õ�Ð|Ê�ÛDÍFÇCÆ�É�Ï	Ò<â�ÔNÍZÊ�Ò<Ó�Ù�Ð�Ê�à�Ï�Ï9ÛEÏ	Ò<Ó>Õ�Ò�Ñ9Ê�ÜCÏ	Ò<ÓEß1á<äjÑ	Ò�Ñ9Ê�Ð�ÉDÊ�Ð
Ù�ÞEÈ�ÉWÐ¸ù<Ð�È�Ð	Ù	Ê�ÛNÈ�É�Ì�Ê�ÉÙ�à¹Ê�Ò<ÓEß�æ�Æ�ãnÍhÐ�Ó	Ê�àÁÒ	È�äWÝCÒ�Ñ9Ê�Ð�É�Ì�Ê�Û�Ñ¸Ð9Ñ�à	Ï9Ó�Ì�Û_Ð	Æ�Ð�ÉÊ�ÔEÌEÇ7ã5Ñ�ß�Ù�Ð1Ø9ËnÍVÙ�Ð�ÉlÌ	Þ�Ñ�Ê�Ò�Õ�Û
Ø9Ç7ãnÈ<Û�Ê7É-Ù�Ô Ê7Ç�ÙEÕ�ÛNÈ�ä�ãnÌ�ÛÂÊ�Ò9Ó Õ�Ò�Ñ�Ê7ÜCÏ	Ò<Ó,ÖÁ×:Ê�Ò Ù�ÇCç:à�Ï	Ð�É-Ò��ÃÆ�Ð1È�Ò<Ó1ÌEÉWà�Ý�Ò�Ñ�Ê�Ð	É¾Ê�Ð á9Ç�á<Ò1Õ	Ü!Ñ�ÐÂÆ�Ò<Ó
ù<È9ÛDÌ�ÉYÕ�Ò�Æ�Ò�ÉÔNØ�Û1Ù�Ð�Ñ»Ê�æ	ÌDÒÃÌ�Ê�Û Î�Ð1Ø�Õ�Ò�Ñ�æ�Õ�ÛDÌ�Û æ�ÌEÒÅÙ�Ð�É¬Ì�Ê�Û	ÑÅÆ1È�Ò�ÌDÐ1È�Õ�Ò9â�Ô Ê�Ò9Ó Õ�Ò�Ñ9Ê7Ü7Ï	Ò9ÓÃâ9ÉWÐ
Ç�Æ�É�ù<Ç�ÉJÈ<ÛEÌEÉ�Ð�Ù�Ô ù9È<ÔEÌ�Û è4ÆEÈ�æ9â7Ñ	ãZÌ�ÛEñ�Ö¥×,Ê�Ò�Ù�Ç7ç:à	Ï	Ð�É�Ò��Äá�äjÑ�Ò�Ñ9Ê�Ð�É]Ì�Ê�Ò�É�ù�ÇCäWÐ â<É�ÐÄÊ7ÉWÍaÆ�Ð1È�Ð1á<Ò	ù�Ü7ÍaÊCÛDÍ
Î�Ð1Ø�Õ�Ò�Ñ�æ�Õ�ÛEÌ�ÛDÍûÊ�Ò9Ó Õ	Ò<Ñ9Ê7Ü7Ï	Ò<Ó�Ç�Ñ�ËÅÌ	Ê�Ò¯Ù�Ç�ç,à�Ï	Ð�ÉWÒ��pÆ�ÐEÈ�Ò9Ó�ÌEÉ�à1ÝCÒ�Ñ�Ê�Ð�É'Ò�É�Æ�ÐEÈ�Ð�á9Ò�ù�Ü7ÍbÙ�Ð�É¹Õ�Ç�È9ÉÙ1à
Ð	Æ�Ò9Ê�ÇCÏ�Ü7Ì,Õ�Ð	Ê�ÐVÊ�ÛDÍ�Æ1È�Ò�ÌDÐ1È�Õ�Ò<â�ÔNÍ Ê�Ò�Ó"Õ�Ò�Ñ�Ê7ÜCÏ	Ò<Óhâ<ÉWÐ)ÇCÆ	É-ù<Ç�ÉJÈ<ÛEÌEÉWÐ	Ù�Ô"ù9È<ÔEÌ�Û"è4Æ1È	æ9âCÑ�ãZÌ�ÛEñ�ÖN×,Ê�ÒhäWá<É�ÒhÐ	Ó	Ê�æ
Ù�Ç7ç:à�Ï	Ð�ÉWÒ Æ1Ð1È�Ò9Ó�ÌEÉ�à1Ý�Ç$Ê�Ð�É	Ê�Ò�Ñ�Ü�ÒlÏ�Ò�â<É�ÌNÕ�É-Ù�æ�Æ�Ò<ÓlÓ�Ï�Ò�Æ�Ò�É�ÇCä�Ê�Û	Ñ�Æ1È�Ò�ÌDÐ1È�Õ�Ò<â�Ô|Ê�Ò<Ó�Õ�Ò�Ñ�Ê�Ü�Ï�Ò9Ó,Ö�×:Ê�Ò�Ù�Ç�ç,à�Ï	Ð	ÉWÒ
ð â9ä Ñ	Ç�Ê�Ð	ÉpÐ�Ñ	Ð�Ù�ÇCç:Ð�Ï	Ð�ä-ãZÌ�Û Ê�ã5ÑÅÇ�È<â9Ð�Ì1É�Ë5ÑÅÙ�Ð�ÉpÇ�Ú�à�â�Ò�Ñ�Ê�Ð�É½Ì	ÓDÕ	Æ�Ç7È�à�Ì,Õ�Ð	Ê�ÐNÖ � ÜCÏ�Ò	Í�ß`Ê�ÒÃÊ�Ç�Þ�ù�Ò	Í
Ì�ÓNÕ�Æ�Ï9ÛDÈ�Ë[Ñ�Ç$Ê�Ð�ÉNÕ�ÇIá7Þ1Ò�Æ�ÐEÈ�Ð1È<Ê�Ô:Õ�Ð�Ê�ÐqÆ�Ò<Ó|Æ�Ç�È9É�Ï	ÐEÕEÎ�à<Ñ�Ò9Ó9ÑmÆ�ä Ñ�Ð	Ù1Ç7Í*Õ�Ç*á9Ç7á9Ò�Õ�Ü�Ñ�ÐqÙ�Ð�ÉNÐ	Æ�Ò9Ê�ÇCÏ�Ü7Ì,Õ�Ð�Ê�ÐqÊ7ã[Ñ
á<É�Ç�È�Ç�Ó9Ñ�ÔDÌEÇ7ã[Ñ�Æ�Ò9ÓqÐ�ç:Ò�È�Ò<Þ�ÑLÊ�ÒLÓ�Æ1æmÕ�ÇCÏ�Ü$Ê�Û=Õ�Ò�Ñ9Ê�ÜCÏ	ÒEÖ
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2.1 I&J�KMLON�P�QSRTNVUXWYZL[N�\^]AJ`_�a�YEW�N2bdc^e.fhg@cBijlk`m(nporqtsun�ovk`wZxzy`q|{~}���mZk�����o�k�qt���`��wEo���xz��shq~xzy4�Ex��pq|{t��x�y`sEq~kp�`�~�(x��
1. ��� y��(�Z�En���� � ���E�.qt���,kp���Z�zy � ��k�wZkZo�q�s � �~���,� ��k�n�k  px m�y(n���¡¢mu£ �u£ ¤¦¥�§�§�§�¨ � �B��q�o©k(�VxEn�� � q|o�¡k�wZkEo�qts � �to�¡ � � ���|��xZ�Z{ª�Ek(¤���«�k��p�Z���M��k`mZkZo�q��©}�����nz�Zq�o¬m�shq~��m��p��n�v� � �X£
2. � }z�~®�nz� � �@q|���¯ov�zo�kErq~�~np���6°�k�n�k�m�qt��n�o � q�o¬mZ®��"q~xzy���y � o¬mZxp� � y � q�s��Ek�q~x�¡~���±kE¨�x�o�y(�pn�x��Vx�n��|v¡`�� �EkEomZk(n � q|o¬mZx���E�[�������E�tq�n��khk��p�l��®��$�����E� � qt��¤�mZkEo(�² p¨Xx�o�yEwZ���z�|o�xpo(k����[�zx�Z�| �Ek�o(wZx��p��x�(mZkEo���o¬m(n�x� � qt���mE��³�Zk�mZk�q~xpy`wE�~���xzy´n�x�s�¡O�µ����mZ�z�p�4{tm�q~k � ��¡lqt��¡lq~�(«���¡lq~����¶E·�·�·:¸�¹ 2)

3. º � xZ �k(n��E¡hwZ�|npo�xEn�o � �Z��¡ � q~x¢mZ� � q~x�¡hq�xzy2{~n��pxzy2�»�zo�k�q~x � y��zmE�tm(n�o³�Z{ª�Ex � � � qt�V�EkZ¨�mZkEo � q|x�°�n����Ex�tm�q~{t��� � su¡�q~x�y�£¼;�S�p��xzy(¡,q~x�y(¡½wZk�n�k�wZ�p���¾wZ�~n�o�xEnpo � �Exz�(¡t¤@�¿�zov��}t�ps�¡½mZkZo;�0�|�p������o�m�sd����w(�to³npvkd�EkZ¡ÀxE�~s(��� � k���Ex��Ex � s��Zkz�pq~k � qt�E�`w(npx � {�����o � �´q~xzy8Á � xE�~����k��Ex�yhÂ�xEn�®Ã��xzy(¡O¼�{ � xzy´�µÄ[ÅpÆ(ÇrÈZÉ�ÊvË~ÌpÍuÎVÏpÐªÏ�Æ�ÑlÒ�Ë�Ó i Æ�¹´¤ps�¤ � �� y��pq~xZ�Zxz�pn�kZ���k(¤Ä�Î�Ò.¨�mZk�oÃq~xz�¢x�y � o�k � q|o¬mZ�2�Zx���k(��o¬mZ�;�tm�w(n�� � �OwZ�6qt��¡t¤q~x2�Ex��pq~{t��x�Ò;ÔTÕ�Öu×Ô�Ø�q���¡Ù �Z�~npo¬mZk���o¬m�s�¡:Ú:w���n�� � �kZ¡ U.S. Geological Survey
�»ÛhÜ(Ý�Ü(¨M£uÞXo�k¯qt���"yZ��xpwZx��� � �¢q~xzy.�Ex��pq|{���x�y�k�y�q~xz��»yEw(xp��x���o � q�o�mZ� � � � qt���Zk&ßVÚ:à º Áµ�`¨	�twZ�t��{����¦q~x©{tq~x�o»�Ex©wZk�mZ{tq~x GMS (Groundwater Modeling System)q~x�y Ù �Z�~n�o¬mZk���o¬mZxz��Ú�wZx�y(nz�p�t�xzy`á$�py��EkZ¡~£

2.2 â&ã[UXWN	R	ä�åOæ�ç;è[ä�W�K�aTQ,WæZa�R�ä$èOé~ç¢ê�ä�WN�\½RTNXUXWYELON�\jlx,��x���o � ��o¬mZ�,Ò;ÔTÕ:Ö�×Ô�ØëyE��xpwZxpo���ì{ª�EkS�Ek(}��V�Ek�q~o�mZ�À�Zx���q~{���x,w�n�x � xZ�Zx�v� � ��¡.qt��¡.q�npo � ��o�� � q~kpq���¡mEí��� � �u¡©q�xzy2yEwZ�p�z��o�xzy2���~n�x�� � �¯wZxZnp®Ã���,�Z{ � k�£ � �Z�~n�o¬m�sH�zovk(�VxEn�o¬m�sH�|«~ � � � �îwZx�yAwZ��n�or�pn��Z�V�to�qt���mEí��� � �4kpyEqts´�� ��kZo��4k�mZ�p��x�y(}��
∂
∂x



Kxx

∂h
∂x

 + 
∂
∂y



Kyy

∂h
∂y

 + 
∂
∂z



Kzz

∂h
∂z

 − W = Ss 
∂h
∂t

(1)

ï wZx�y ð �� ��kZo�xpoOq~o³�E{|¡$qt�u¡$y(�pn�kpyZ��o¬m�s�¡4kp�����o³�Z��qt�(q~kZ¡©���&����¬m�q|�|¡hw(x�y¢yEwZx�������®l�Exzyp�6q~xzy(¡´�Z«�x����|¡ � �xEn�}�x���®���o�x � � � qt���Zk � y��pq~�tq~kp���E{ª�E���$wZxzy � y���wE¬w�q~�|oX�E��q|o�¡	mp��n�o¬�~¡	mZk�q~�My�}~��� � ��o�¡Ãq~xzy"�E����{�}�xpy(¡�kpy�q~xz��¤ h��í�Ek�ouq~x8wEov�|ñ|xZ�E��q~n�o�m(�4�Vx�nzq|�xE¤
W
�� �EkEoX�En�x�¡�w��E��su¡	s"m(k�q~k� ��E}pn�kZ¡t¤

Ss
�t ��kZo��¦�|ov��o¬m�s6k�wZxE}�s(m(��y � ��¤�mZkEo tx�°zn����Ex�¡~£

jlxì�Zk(}����Zk�q�o¬mZ�ì�Zx��pq|{���xhqt�u¡T�|«~ � � � �u¡ (1)
�Ek(ñ�l�E��q�o�¡òxEnpo�k�mZ{~¡�mZkEouq|o�¡òk�np°~o¬mZ{~¡ � yp�Z}�s(mE�~¡ò�tmZ�Xn�k � �Z{ª�E�|¡

� �2��n�x�y(¡¢wEo¬�~ñ�xZ�Z��q~npo¬mZxz�½�VxEn�q�vx�y½xEnp�ñ�xzy���{ª�EkHwZ��sunp�|¡@w�n��Z ������Zk�w�n�x � xZ�Zx�v� � ��¡ � � � y��Z}�s(mZ�~¡*����E����o»�p�u¡On�xps�¡[�
undstedy flow).

� ��o�k(��xZnpo¬m�s��~«| � � � � (1)
�Z��q~kpq�n�{�wE��q~kZo � � � � � q����EkÀk��p�z�� En�o�mZ®��ó�~«|o � ® � ���l�À���2qt�ô�Z{~}zx���xHq����wZ�twZ��n�k � ��{M���l�¯��o�kZ�VxEnp®l��£�õ�n�� � o»�Expw(xpov��rq�kEo��@q|�|°���o¬m�s@q~���"mpyZö����v�����¯�ª��w���xpmZ¨ � q|o�¡$xpwZx�v�|¡`°��	np�ñt�tq~kEoq~x.wZ�|�z�x2n�x�su¡~£lßVq~x*mE{÷�pq~n�x.m(�(}��¦mpyZö�|�����kZ¡&��k��� ��z�E��q~kEo:{ª�EkZ¡ìmZ�Z�( �x�¡©w(x�y^°zkZn�kEm�qt�unp�ñt�tq~kEo��E�"q~xzy(¡

����¬m�q~�|¡
i, j, k

��o�k�q|ov¡[mZk�q~�My�}���� � �to�¡ø�¤�ù�¤�ú�k��pq| � q~xpov°zku£�¼;�tq~�´k�wZ�$�|�Vk�nE�Exz��s´qt��¡��Z�~}�����xzy�¤p�©�~«~ � � � � (1)�zí����q~kZo
CY i.j−1/2.k(h

m
i.j−1.k − h

m
i.j.k)  + CY i.j+1/2.k(h

m
i.j+1.k − h

m
i.j.k) + 
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CX i-1/2.j.k(h
m
i-1.j.k − h

m
i.j.k)  + CX i+1/2.j.k(h

m
i+1.j.k − h

m
i.j.k) + (2)

CZi.j.k-1/2(h
m
i.j.k-1 − h

m
i.j.k)  + CZi.j.k+1/2(h

m
i.j.k+1 − h

m
i.j.k) + 

pi.j.kh
m
i.j.k + Q

m
i.j.k  = SSi.j.k∆Vi.j.k

h
m
i.j.k - h

m-1
i.j.k

tm - tm-1 
 

û8üZý�þhÿ��������	��
���������������������������� �ý��Zþ�!" #�pþ�$%�'&#(*)+�#�",-�%�.����ÿ��Zÿ���)+/1032"4�5"6�0�798:4�0�;�<�üZýzþ´ü��� %�=$�����>#?	�Eýzþ"�
ÿ����;þ@!	 #��þ�$#�'&#(A���	,B�%�C����ÿ��Zÿ��D&�����ÿ:�E)�!	�E��FEÿ�?�F@���E)©ÿ:,G�D&pþ�HB��$"�E!%,G�I&����J��&�KL #?�M|ý�þ%�*ü��� �ý#N�(O!	�E�P����F�ý�þ
�tü��EKL?%�����E��)Q&�þ�HR��$#�E!%��)�/9&�?@
%�Mÿ���)�FZÿ~ýzþ�)�?�S�ý�����)UT��*V��XWY�%�pÿ:�'FZÿ~ý#�'N3��<Z�	�"�������[�%��FZÿ��D�Zý���?�!	�\�"(�&Zýpþ�):ÿ���)
!	�=��!" �ý��"(*)hÿ~ý�þ]���� pý"^D��ü��_&�����>�ý_F��Y&����@>�ý_/`&��a��ÿ� �ýb&pþ�HR��$"�E!%��)c<adBeZ�Z!	���f&�ÿ��:)g!%���'N���ýzþ"�¢ÿ����¢ÿ�?�S:�2ÿ���)
&�þ�HB�:$#�E!	��)hFEÿ~ý	�$ÿ� "�=F�!	�=?�FEÿ���ÿ~ýiN3jk �ýl&�����ý#�m��&�
%��ÿ:�:)�ÿ~ý��4ü��� #�3�pÿ��YN	 #���Eý

m
&�����ÿ~ý3�iN	 #�3�Eý8ü� "���Y��ü��g�a���

N	 �ý3�"�'&��]>	(L���
mn�o dqp-�_���c�%��
�� p, Q

��� �������� �ý���ÿ��*)J�:S�,[ÿ��� %�'&#(�)�KL�� zÿ:�=F���)�ÿ���)Q&�þ�HR��$#�E!	��)�dGr*r]�:� �����Ãý
FEþ%�pÿ���$��:FEÿ�(*)¯ÿ���)����E!	�'&#(�)R��üZý�
�(�&��Mþ�F��*)�d3plýs�����	��
�ý�) t�u ���������(ý��	�3&Zý�)�ÿ��*)-&�þ�HR��$#�E!%��)�d
v  #?�KVý3�pÿ���)8ÿ��#�\�:S��EF�,wF��

(2)
�	�=�I&�?�
%��&pþ�H���$"�E!	�.ÿ~ý�þ*ü��:!	��ýzþx �ý%(*)gS���&����#jG�pÿ���)Y��ü��_�:��,RFEÿ��:)Y�� %N3�f&��:)

FEþ%��
�(�&���)U��&�KL #��Fq���a���:)JF@���� �ýzþ�)�ü��E�:M�ý�����ÿ� "�'&Zý	^yKVý� zÿ:��ý�þ���ü� �ý"&"^Zü�ÿ����-F�^�FZÿ��q�����# #�@�@���'&�jG�z�:S��=F@jwF@�:,X�
���{���:��jwFEÿ~ýzþ�)[ÿ:�E)[ÿ:�.����)[ÿ�ý�þgKuý� zÿ:��ýzþiFEÿ~ý`ÿ:�:$�ý�)Oÿ~ý�þ´ü� "j[ÿ~ýzþiN3 �ý3�"�'&Zý%^Y>	(L����ÿ~ý�)�d"pý�F�^�FZÿ��q���i��þ�ÿ��|���������
ÿ���)k�Eý� �K@(*)

Ax=b (3)û8üZý�þ } ��� �����w/
m x n) x (m x n

<�ÿ:��ÿ� #���	,G�#�'&���)$ü�� ����&���)$üZý�þ��:S3�� zÿ�?pÿ����+��ü��¯ÿ~ýzþ�)|�� �ý�þ�)�þ@!% #��þ�$"�f&�(�)
�#�",-�%�.����ÿ��Zÿ���)©ÿ:,-�

n
�tü��

m
&pþ�H���$"�E!%,X���

x
��� �����Tÿ~ý~!	�=?%�zþ�Fq���2ÿ:,-�*ü��=��M�ý����tÿ� "�'&�j-�~KVý� zÿ:�=,X��F���&�?@
%�

&�þ�HB�:$#�E!	��&����
b
�:� ������ÿ~ýQ!	�E?%��þ�F*���`üZý�þ$ü� �ý"&"^Eü�ÿ��:���Eü��òÿ:�E)Oý� "�E��&��:)RF�þ#��
�(@&��:)�d

� �tü��=$zþ�F��6ÿ|ý�þyFEþ�FZÿ�(q����ÿ~ý�)
(3)

�tü��rÿ3 "�tü�����ÿ�������$%��!3�E��!��'&���F@�E�Y���¯ü@ �ý#N�,+ 	(@F����k���`ÿ|ý3���=!3��ý&ÿ� #�püZý�FZÿ��
!%�c^�ÿ:�� %�yN	 �ý3�#�f&�(¯ü��� "�vý�!�ý@d��8ÿ:F��C�Vý"$�ý"&�$%�q #jG�#��ÿ����m�]�tü��=$�þ�F��y�	�E�&ÿ~ý�F�^%�Eý#$�ý©ÿ�,G�z��ü��C
~þ*�"�Zÿ:jG�zN% �ý����f&�j-�
ü��� "�E��!%,G��&�����ý��#�=$�ý	^������%�E�������	�dü�$%(q 3��&�^�&�$�ý¿ü@ �ý�F(ý��Zý#�=,wF���) ÿ���)� �ý%(*)�d v �=� ÿ������tü��=$zþ�F��
N	 %��F��.�ZýpüZý#��ý	^"�pÿ����(ý#�@��&��"$�ý�þ�
%��)w����
�ý�!�ý"��/

Waterloo Hydrogeologic Inc., 1999b):

1. Str
ý
ngly Implicit Procedure

2. Slice-Successive Overrelaxation

3. Preconditioned Conjugate Gradient�
 
����
zý�!zý�)

 PCG (Preconditioned Conjugate Gradient) (Hestenes and Stiefel, 1952) 
���������

 
���E�

 
�� %&��tÿ�?

��þ�FZÿ���
�(�)
 
&����

 
FZþ%�pÿ��* 	�(ÿ��f&#(

 
�@ "�C
"�#�Zÿ��'&#(

 
����
�ý�!�ý�)

 
�Eü��

 
ÿ����

 
?�üEý#H-�

 
ÿ�,X�

 
�Eü�����ÿ~ý	^�������,X�

 
þZüZý"$�ý	�	�=FZÿ:�f&�j-�

ü��� #,-�
. 
eZ�ü� �ý%�EüZý�
	��F����E)��	�E�Y���]�:KL�� ��Zý#FEÿ:�:�G�D����
�ý�!�ý�)���� �����[ý¦ü�������&���) } ���]�:� �����RFEþ��@����ÿ� "�'&���)Q&����


%��ÿ:�'&�?�ý� "�=Fq���[��ý�)�dGeZ�Ãü�� ����&��:)sFZþ%�pÿ���$#�:FZÿ:j-�¯üZý�þ;ü� �ý"&"^Eü�ÿ~ý�þ%�_��ü��¯ÿ��¢ü� �ý�>#$%(q����ÿ��6þEü��"�	���E��)l �ý%(�)sF��
þ�!" �ý�KVý� "���E)��'&��	�EýpüZý#��ý	^"��ü�?"�zÿ��s��þ�ÿ��:)lÿ:�E)BFZþ%��
�(�&��:)�d
� >#��F@�'&#(8ÿ:��N��#�'&#(´ü(ý�þ�N% 	�@F@�.�EýpüZý#�=����ÿ����@��� �����(ý�N3,k #�'Fq����)ÿ~ý�þi�#�Zÿ� "j	ý�þ } F��h!�^(ý|�"�(ÿ� "jk� � &���� � �tÿ:F��
jkFEÿ:� }

 = 
�

 + 
� d�plý � ý��Eý���?�M���ÿ����qFEþ"��ÿ��* 	�q�����Eýl/9����;�032"4�5���79�=2"4�;35i�12%���|<w�#�Zÿ� #j	ý$ÿ~ý�þ } &����VýiFEÿ:�#Nzý�)

���������l����>� ��:
%���4ÿ���ÿ~ý"��ý � üZý�þ��������������z�[^�&Zý#$����%��ÿ:�=FZÿ� "��H-�.�Zý�&����i�����Eý#�E?�M:�����#F�ýóÿ~ý�!~þ"����ÿ:�3�
ü��� "�EF@F@��ÿ:�� �ý����´ÿ~ý } dm��ü��=F��*)`ÿ~ý � ü� "�tü����-�����:� �����kFZþ������Mÿ� "�'&��b&����{
	��ÿ:�'&�?;ý� "�'Fq���a��ý@d-eJ "�=M���ÿ����+,k)
>#��F@�'&#(l�tü��"����$3��ü�ÿ:�'&#(i�:S��=F�,wF��s�i��&���$�ýzþ@
��

Mxk+1  = Mxk  +  b - Axk    (4)û´üZý�þ©ý#�L!%���'&�ÿ��:)
k
&����

k�wo �	����KL�: �ý3��ÿ����qFZÿ����l�tü��%��?�$%��HG� k
&����

k�ko d � üZý�F@�zÿ��(ÿ�� b - Axk 
��üZý�ÿ���$�����ÿ~ý

F@KL?�$����"ÿ��*)U�tü��"��?�$%��H-��)
k
&����-FEþ���>�ý"$#�=M:�Mÿ����w���

rk
d��{�&ÿ:��
3�:�

sk = xk+1 - xk
�q���tü��"����$%�(ü�ÿ:�'&#(���S��=F@,wF��

�	������ÿ����
sk = M-1rk (5)
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���� �¡-¢�£#¤"¥�¦�¡G§�¥�¦#¨�¦	©%ª'«q¬�¦%�¢:¦%§|®	ªE 	�	�«q¬� �¢�¦�¡
s
¢�¦%§s¯�¥�¤�¬�¯���¦	§s°	£#¦���ª'±�¦	i²	³q¬� #¢�¦�¡�¯�´ �� �ª�¦� �±�¤"¨�¦%§�µ%¦�¡

pk =   
sk    

 	�
 k = 0

sk  + 
sk

Trk

 sk-1
Trk-1

pk-1   
 	�

 k > 0

ak =  
sk

Trk

pk
TApk

(6)

xk+1 = xk + akpk

rk+1 = rk - akApk ¶ ¦� 	��µ% �«�§#©3±�¨#´ ��¦	§"��¦"ª�¯�¥� 	�� �¨%³�·R¯�ªE¡-±� �ª�¥�¤�«@¦�©"£	³�©%¦�£# �¯�¸� @£	¢�¹#¢� �ª@ �¥�¤U¢�º���¯�¥�ª'¨�¦%©�³|¢:¦"§s«�§"�"¢�º�£	ºq¬�»���¦%§¥�´��� �±� �±� �ª@ �¥�¤U¢�¦3��¢�£#¤#¥�¦U¥�¦	§�§�¥�¦"¨�¦"©3´E¼�¯c¢� �ª�¢�¦�®	ª=¹%�%§�«q¬� 
s.

2.3 ½�¾�¿U¿{ÀkÁ+ÂlÃbÄkÅÆÄwÇGÈ�É�ÊRË�ÈaÇBÌG¾UÁBÍ-ÈcÎUÏ@ÉyÐwÑQÐ+ÈaÇXÒ�Ä{Ë�È�É
2.3.1 Ó�Ô�Õ�Ö1×GØ%ÙQÚqÛRÚmÖ9Ü�ÝwÞLÔ%Ö�Ù{Ü�ß�àyÞ*àXÞ�Ü�ÝkáGÚqÜ�ß�Ùâ ¢�¦J±�¯:ãL¹�¨� �ª=¦�äZ¢�¦	§�¢�¯[�°�¦"§�¡G¢:å-æ� �¥� �ª�¢�³�«@¯:åGæ�ç.è� �£#  ²"¦ ±#§�£#¤�¡�±*é ¹*é êmë�ì�ì�ì#íîê�®	´ æ�¦3æ"¢� �ª�¦#ª@ �¥� �ª�¢�³�«@¯�ªE¡-©	ªE �¢�¦«��«�¢�ºq¬� qï�ð{ª� �¥� �ªf¢�³�«@¯�ªE¡y "§�¢�»:¡b¬�¯[¢� �ãL»�£�µ�º�±� %æA«�¢�¦�±�¯�´.¬�¯[æ#¦�¥�¦%§ñ �±�¦"¨�¦	§@µ%¯�´|¬�¯b¥�£#¦#«*µ�³�±#ºò«�°	¦#¨"´EåXæ
«�°	¯[¢:ª'±�óGæs¬�¯B¢�ºl«�§�¬@¬�¤�£#ãqåk«�ºlç�¬�¯�¢:ªE¡� �¥� �ªf¢�³�«@¯�ªE¡cí�¢�¦	§i¬�¦3æ"¢:»�¨#¦%§�¥�¦	§|¯�¥�ª'¨�»�°�¢�º�±�¯%é
(5. 1) ô�õ�ö#÷3ö%øaù�úLû|ü"ûZý#þ�ÿ�ø[õ������aþ���ö%þ	��û��Lû@ü
���Xÿ�����"þ��Xÿ ���3ý�ý�õ
���
(5. 2) � þlû���ø��yø�ù�������ö%ùyø[õ������ �cõ!�#"%$	þ&�'�#�Lõ#��ý
���"þcøaû�ÿ)(�þ+* ,-�mÿ'ö%ø&��.0/%1324��ÿ'û]ø[õ � 2
57698�:;� � �<��þ=�?>@.�"kø[õ

ö#÷	ö%øaù�úLûAü"ûA�#���=�"þ�ÿ;�	ûbú���õ#�*þB�;�3û_ý"þ:ÿ�ø[õ������&��ö%þ�ÿ-ú*þ'�#�3ûbú����Lõ�.�øaù!.C�<��õ:ý�õ���ÿ'ö%ø�ÿ �?�!.yÿ'ö�*L÷3õ�.zþ#�D��.
��õ�ÿE�	õ�÷@�#�Lõ�ö?,;��ÿF��õ�÷	/%132G�

(5. 3) ô�õDö#÷3ö%øaù�úLû�ü"ûDþB�E�3û�ÿ7�Lÿ ý�ÿ���Iö%øaõH*
� ��ö%øaùI,@.C�#�Lõ�.�øaù?�]þ�ÿ'ö#ûG�3,@�&�I$	þ#$%õ�ú��3�<,;�KJ+$	þ#��ü"û�ûG��û�ÿ�ø�þB�
�L����MGÿ úLõ�ö%þwûB�B**þB�'û7N	OQPSRTRUV�¶ ¦J«��«�¢�ºL¬� �ª'±� 	æ�¦"¥�¦#ª=¯�´�±� �ª�¢�ª=¡-¢�£#¯�ªE¡R �¥� �ª�¢�³�«�¯:ª=¡

2.3.2 Ó�Ô�Õ�Ö1×GØ%ÙQÚqÛRÚmÖ9Ü�ÝwÞLÔ%Ö�Ù{Ü�ß�àbáGÚ�W�Xwá-Ú*Ü�Ö`×�ß�YbáGß"Õ�Ü�Ø�Z*ß�à
[|¥�åk¡I %æ� �ãL»�£"¯�¢� �ªi«�¢�¦ ±�¯�ãL¹�¨� �ªE¦�äA¢�¦	§�¢:¯c�°	¦%§�¡_¢:åXæ� �¥� �ªf¢�³*«�¯�å-æ�ç9èQ �£#  ²#¦ ±#§�£#¤�¡�±*é ¹*é êyë�ì�ì#ì�íîê�¢:¦
¬�¦3æ"¢�»�¨�¦�µ% �¥�£"»�¥�¯�ª%æ� �ª'±� 	æ�¦"¥�¦#ªE¯�´�¢:ªE¡R �±�¤"¨�¦%§�µ3¯�¡� �¥� �ªf¢�³�«@¯�ªE¡�ï
(5. 4) \ û]�#�Lõ�ö#õ:úLõ�ÿ>@��þ�ÿ"øaù	�Lõ
�Jø[õ��@�D�?���aþ�ÿ'õ��@��þ��Lõ�÷Zö%þRø^�*þ�ÿ_.`$#ÿ'û�ö%ø&��ö%þ�ÿ_.3�â ¢�¦�¥� �£#¤�æb»:£	©"¦�êm¢�¦�¬�¦3æ"¢:»�¨�¦b®%¯�æ_ �¥� �ª�¢�¯�´f¢� �ª-æ� �°�¯�ªC£%´E¼�¯�¢� �ª{¬�¯�¢� �²"¨%º�¢�³\¥"§�±%æ�¤%¢cº�¢� ]¢�¦	§yæ�¯�£#¦	qé

a ¥�´=«�º�¡�êm«�¢�¦Y¥� �£#¤3æ�»�£3©"¦g¢�¦y¬�¦�æ"¢�»�¨�¦z®	¯aæ� �¥� �ªf¢:¯�´f¢� �ªLæ� �¥�£#¦#«@¦�¬�¦#ª=óXæ�¯�ªG¢�º�£#¦%³b«�¢�º�æ� �±�¤�£"¯:«�¢�º¼�ó-æ"ºmé3[|¨� | #§#¢�¹�¢� s°	 �£� �±#¢�º�£"ª=«�¢:ª'±�¹|¯�´�æ� �ª@®%¦�¬�ªf±�¹|«�¢:¦#ª=°	¯�´E �¢�¦	§g¬�¦�æ"¢�»�¨�¦	§]b4c;dfehg)c@iOé<jU±�¤�¬"º*êµ%¯�åw£	³qµ�º�±�¯{¬�¤�æ�¦�»�æ� J©%¯�åw¨�¦%©	ªf±�¤J«�¢�£"óh¬� �±� �¢�¹Q¢�º#æJ±� �¢� �±�¤�£	§@ã�ºi»aæ3æ�¦"ªE *é
(5. 5) \ û0*V�qù�ö�ÿ úLõ!��õ�ÿ�þ���úXÿ'ûyûG�!�gø�ÿ_.f��û�øaû�(�ÿ_,Bú��3��þ=.f��û�ÿXþ�ý#þ=�9ú��#��þ=.hú*þ:ü
��$%õ��D.Qþ=�!� ý��	ö"ù!.Qø&,7�H$#ÿ'ûG�*õ#�Lÿ�?>;�

þ=(3ÿ'ö?>Zö%þ=,;�@��ÿ'û�øaù��D�?���aþ�ÿ'û%�Lõ
�kJL�"þ=�"þ��Lû�ö�ú��#��þ=.`$�ÿfû���õ=���=.�"h�"þ=�"þ��Lû�ö�ú��#�	ûsö%ø[õ�ÿ *�þB�'û�U
�¶ ¦ ¬�¦�æ%¢�»�¨�¦�°%£	º�«�ª.¬�¦"¥�¦#ª=¯�´y¢�º ¬�»�µ%¦�®%¦�¢:å-æ ¥�¯�¥�¯�£# �«q¬�»�æ�å-æ�®	ª= �ãL¦�£"óXæ�éHjU¥�¤�¢:ªE¡ ¬�¯�µ%¤�®%¦%§�¡¯�¥�´=¨3§@«�º�¡-¢�º*¡B«�¯�¨#´E®	 �¡wä#ê"«�¢�¦J¥� �£#¤�æ�»�£3©"¦U°%£	º�«�ªC¬�¦"¥�¦#ªE¯�´f¢� �ª�º
Pre Conjugate Gradient.

(5. 6) \ û]�#�Lõ�ö#õ:úLõ�ÿ>@��þ�ÿ"ø&��ö#õJø�ù��Bú��?�	ÿ úLùl��ö#õ0��û@ÿ�øîùhú*ùhú��?�	ÿ úqù	�Lõ
���¶ ¦�¬�¦�æ%¢�»�¨�¦J»:°�¯:ª�¯�¥�ª=¨�¦	©3³s¢�º�¡k¬�ªE �¡-³s¢�º�¡R¹�¨"¨%º�¡R®�§%æ� �¢�¤%¢�º�¢� �¡�é
(5. 7) \ û�þ=�*û���ú��?mcþcø[û@ÿG��ÿ'û]��ý�õ��D.�øaõ?�D.�øa÷D��õ��D.n��$&�Lõ��*õ#����ûoJ^�D�*þ=��øcÿ'õ��<.�"��<�����G��þ�ö%ù�U
�
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p9qsr!q�t
uBv#w�qGx�r!y{zG|?u�}!w
wV~Qw?q��Dy#�L�
�+��rG�Au��-tA�Dy��`w�qV�D�Ez��St��GuB�?�7r!}?u���t�zG|?u�}�u#~!t�z�|?uB|�zG�G�D���h~
� �^y3�Q�B�Vt!�!~ xVzG|��D�	�-z�|!��u��-t�q��
�^|!zG�St��!�VtG��~�zG��tGx?|Dt
u��Lr!y3uB�`�!�^�#y=��zG|!�!uBqV��� � ��qfu=�!�!qV���9� � ��q���q!�
v�|��
���D~Q�Q�LrGq
�Gq?�E����~Qz!y�~Iy=���+w�qD���4u�qD�����
y�}?uB�+qD�{� � ��q���q!�
v�|4�GqV��x`�Gr!�	�#x	r?�Gq!�
y��-t!|Kr!y3u�|��!�_�?u�y=�%�hy
�!���f�!�^y=�G~��

(5. 8) �0���=�G� ^¡�¢=�
�B�? �£�¤@�#¡�¥�¦?¥�§�¥!¨_©ª¦
£f �£!«�¡�¥
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á�ÿ6Ý�Ø�×-á�â�â2à	��ß�ÛBÐ�á�â#Õ=ÛIÜ
á�Ó7ä
(5. 32) Í>Î)ÿ���Ü
á�ÿ3Ü
á"Õ&Ð�Ò3Ý8Ï3Ð�Ñ�Ò�Ó�Ô
Ñ>Õ7Ö3Î+×�Î�Ø)Ò�Ñ�×AÛ�Ó
�3â7Õ7Ö3Î�Ø6Ü
á3Ý�Ø�×-á�â�â2à���ß�Û4Ð�á�â#Õ=ÛIÜ�á�Ó=ä
(5. 33) Í>Î)ÿ���Ü
á�ÿ3Ü á"Õ&Ð�Ò3Ý8Ï3Ð�Ñ�Ò�Ó�Ô
Ñ>Õ7Ö3Î+×�Î�Ø)Ò�Ñ��3Ñ4Ü�Ý�Ø�Û�à�Ñ�Õ2Ñ�����ÜH× Ð�Ö3Î�Ø�ä
(5. 34) Fâ7Õ2Ñ��-Ü
á>Ð�Ö�Ô6Þ�Õ2Ñ�Ö&×�á�ÿ&Ü��3Õ2ávÔ6Û�ß�Þ��&Î{×��KÕ (5. 25����Ø (5. 28�{ß�Ð�Ñ��BÚ3Î+×AÎ8Ï"Ð�ã4Ü6Ò3ÛBÐ�Ñ�à�Ü
á�Ö"á4Ô
á�Ù���Ö3Î�Ø ä
(5. 35) Fâ7Õ2Ñ��-Ü
á>Ð�Ö�Ô6Þ�Õ2Ñ�Ö&×�á�ÿ&Ü��3Õ2ávÔ6Û�ß�Þ��&Î{× �KÕ (5. 29����Ø (5. 33�{ß�Ð�Ñ��BÚ3Î+×AÎ8Ï"Ð�ã4Ü6Ò3ÛBÐ�Ñ�à�Ü
á�Ö"á4Ô
á�Ù���Ö3Î�Ø ä
(5. 36) Fâ7Õ2Ñ��-Ü
á>Ð�Ö�Ô6Þ�Õ2Ñ�Ö&×�á�ÿ���Ü�ávÔ6Û�ß�Þ��&Î{×��#Õ (5. 29����Ø (5. 33�{ß�Ð�Ñ��BÚ�Î~×�Î�Õ#à3ÛIÜ�Ð�á�ÿ�ÝvÔ6ÛsÚ"Þ ×�Î�Ø�ä
(5. 37) Fâ7Õ2Ñ��-Ü
á>Ð�Ö�Ô6Þ�Õ2Ñ�Ö&×-á�ÿ���Ü
áÆÒ�ÑVÐF×-á�ÿ&Ü��"Õ7áhÔ�Û�ß�Þ��&Î ×��KÕ (5. 29����Ø (5. 33� ß�Ð�Ñ��BÚ3ÎÊ×�ÎÏ�Ð�ã4Ü6Ò3Û4Ð�Ñ

à�Ü
á�Ö"áBÔ
á>Ù���Ö3Î�Ø�Ò�Ñ�Ð�ß�Ð�Ñ��4Ú�Î{×�Î"Õ�à3ÛIÜ@Ð�á�ÿ�ÝvÔ6ÛyÚ"Þ ×AÎ>Ø ä���>î>í"ñ��2ðBè8ì>ó>ì�ð�ñ
í�ò��&ò8ç�÷3ö�ç�ô�ë �
(5. 38) !{ÑÇÏ�ÙLÕ=ÛBÐ~ß�Ð�ÑÉÒ�ã��2Û�Ñ4Ü=ÿ6Ý[×-á�âaÔ6Ý�Õ7ÑÇÒ�ÑVÐ%×�áÇÖ"Ó7Õ2áBÚ"á[×��#ÕÊÏ"Ð�Ñ��2Þ�Ö�Ð Ô��#Õ#"�Ò�ã��2Û$�6á�Ü
ã
"�Ï2Û�Ï&áBÔ6Þ�Õ%�#Õ

ÛBÐ�Ö	�"Ï3á�â7ä
(5. 39) !{Ñ Ñ�Õ2Ñ>à�Ñ4Ü
ã�ß�ÛBÐ8×�Î�Õ[Ð�Ö&×-á�Ü�Ð�Ò"Ý Ö&ÛBÐ Ü
ã ×&�#Õ�Ô6Î�Õ3Ð�Ñ�Ù��#Õ[à�Ñ4Ü�á�ÿ��KÕ ×�á�â('<ä�)#Î*�
Ð�Ö"á�ÓÉÖ&×�Î,+vÐ-��Ü
â2ß Ñ)%Ñ4Ü�Ï�Ù�×-Ö"Ñ>Ø.�3×-Ñ�ÕK×,Ü
á	�Há"Ï3á&×�Î��2ÛBÙBÔ�Û�×-Ñ1Ò�Ñ�×-ã7Ú=Ú3Î=Ú�Ñ�Ï7Û Ï3á4Ô6Þ�Õ2Ñ�ä/FâBÕ=Û�à	��Ø0"��3Ñ�à�Ü6Þ�à3ÛBÐ�Õ2Ñ�à�Ü
á21�Ú3Û3���&á�Ó7Õ#"

Û�Õ=×���ØFÝ8Û Ò3×���Ø<×-á�â~â2à"á�Ö"â2Ö&×�ÝBÔ
Ñ�×-á�Ø0"�ÛIÜ�ß Ñ2Ú3ÛBÙ�ÑOÑBÜ@Ð���Ô
Î"×-Ð�Ò"Ý�ØKÖ"Ó2ß�Ò�Ü�Ð�Ö&Î�ØF×&��Õ~â2à�áBÚ�á�ß�Ð�Ö�Ô6Þ�Õ/�#Õ~Ò�Ñ�Ð�×&��Õ
Ð�Ö&×-á�Ü�Ð�Ò	�KÕTà�ÑBÜ
á�ÿ��KÕ7ä54�âB×-ã��3Ñ61�á3Î��&Ý�Ö"á�â=ÕhÖ&×�Î"ÕR×-Ñ-ÿ
Ó=×AÛIÜ�Î�Ò�ÑHÐ<à�ÐLáÆÑ�7=Ð-��à>Ð�Ö&×�Î81�Ñ���Ô
á�Õ%�4Ô�Î�Ö3Îf×-á�â
Ô
á�ÕB×�ÞyÚ�á�â7ä9 òTç�ò�÷"ò�ç>ø3õ	: ò&õ&ð4ë�í>ô ð�:�ç�ù<;�è=õ3ðBò�ë)ò�ç>îOðBèTô�ç�ëLé�ô�ê2ö�õTç>ò��>ö�ðBè=�>ò�ë)ì>ð�ñ"õhô�ç>ë�>2ô�ë�÷2ñVìVë,ò��	?Æò�@=ë'è3ç>è"ùLñHì�?
ðBè3æ�ò�ç>î�ð=è�ì�ó3õ�è3é�è�ð�:�õ�ç�÷"è3ê3÷"òHí�í>ø"ð�:�õ±ç>è2æ�ð=÷3ö�>7è2æ&õ ú0A é"ö�ç>ôB��ô�C
ø�é�ò�ë,èED&ýÉô#��ðBî�ï ð%:�õ
ç>ô=÷3ë�ç"ðGF<ìVô3:�õOç>è&æTô�ç�ë,ì�ñ
í�ò�ùCõ�è=õ&ð=ò�ë�í�ô��>ò"ðBø>é3é&ñ�é�è�ì�>7î�é&ë,èVþ*H~ó�÷3ë,òTô�@7ò�ù�÷3ô4ì>ñ�� A ö A ò�ë,ò���ò�ç>è&ð4ô�é�è2ó&õ
ðBòmí>ô ê&öG�=ñ�ð�ñHï û é"ù��"ñHï�ñOè3ç>è3ù,ò ü ô�õ8ô�@=ô ðBø�;�ô-ðBò>ë>ì�ð�ñ�õ{ç>òV÷"è2ó>ìVò8ç�÷�F�ð�ñ8C
ø>ì>ñ1ðBè&æ�öB÷7ê3è&æ6þ

2.4 IKJML�LONQPSRUTWVQXYV.Z\[#]^LQX`_ba�[&ZdceJ�Pgfg[2h�i�]kjQlmjS[&ZenmV�a�[#]
(5. 40) Í�á�â2à���Ô6ÛyÚ"Þ ×�ÎÆâ2à�á�Ö"Ó2Ö&×�ÎBÔ
Ño�3Ñà�Ü6Þ�à3ÛBÐ<Õ7Ñ Û�à�Ð�×'Ü6Þ�à3ÛBÐ�Ô6Û�ß ã7Ú�áÆÑ4Ü�Ðp��Ô���Ò�â	q�ÛyÚ�ÙLÏ
�#Õh×AÎ>Ø�×-ã�7�Î�Øm×&�KÕ

100000..r ð�ñ�õ{ç>ò�÷3è3ó>ìVò�C
ø>ì�ñ�ðBè2æ�öB÷2ê2è2æ5�"è+òV÷&ës�3í>î�ï�ðG:�õm�"æ*t�ô�é"ù ü :�õM?>ðBò3õ�í�ë��>÷"î&ð=ôB÷"è�ï�ðG:�õUuwv�v	v�þ
(5. 41) x ÿ3Ü��"Õ7á�Ø+Û Ò3×�ÞyÚ3Û�Ö3Î�Ø+×��#Õ�ÑBÜ@Ð���Ô
Î"×-Ð�Ò	�#Õ�â2à�á4Ú�á�ß�Ð�Ö�Ô��#ÕmÛ Õ/��Ø8Ò�ÓBÒBÚ�á�âRà�Ü
á�Ö"áBÔ
á�Ù���Ö&Î�Ø1Ï�Ð�ã4Ü6Ò3Û4ÐLÑ�Ø8y�z

Û ×��#Õ=�3Ñ�à�Ñ4Ü
Ñ=Ô6Þ�Õ=Û4Ð3ÿ
Ñ=Ô�Î=Ú*��Ø6{�×�Î�Ø+×-ã�7�Î�Ø8×-á�â1Ú3Û�à3×�á�ÓO×�Î�Ø|��Ü
Ñ>Ø}�hÒ�Ñ��w��Ö"á"Õ~�3Ñ�Ñ>à�ÑVÐ�×�Î��2ÛBÙ6Ô6Û�ß ã7Ú�á�Ø
ÑBÜ�Ð���Ô���Ø)Ò�Ó=ÒBÚ���Õ�ß�ÐLÑ8×�Î"ÕKÛ3�6Ñ4Ü�Ô
á�ß-Ý{×�Î�Ø�Ô�Û��w�"Ï2á�â�Ö&×�á�ÿ�Ñ>Ö&×�Ð�Ò"Ý�Ø<à�Ü
á�Ö"á4Ô�á>Ù���Ö&Î�Ø ä� ò�ç>ò�ùLð�ñHì>ñOò"æ"ð#? ü ô�õ���ò"ðBö4ì�ð�ñ ü æ&õ�ò�ðBîKõ�ò1ë��>ò2õ�è3ç>è"ëLñ��2ô�ùVì�ð�ñ�õ{ç>ò�÷3è3ó>ìVò8ç�÷	F)ð�ñ8C
ø>ì>ñ�ð4è&æ1ö=÷7ê&è2æ
þ

(5. 42) �±Ñ�à�ÑVÐ�×-á�Ó-Ô6Û�Õ=Î+ÿ���Ü6Î"×�ÐCÒ	�3×�Î3×-Ñ�Ô�Õ7ÝBÔ6Î�Ø����2��Ò�Ñ�Ð�Ï3Ù�Ö&Ò�á�â��3ÑÆà�Ñ4Ü
Ñ7Ô6Þ�Õ7á�â=ÕRÒ�ã�×��²Ñ>à��¢×-ÑÆÖ3ÎBÔ6ÛIÜ�Ð�Õ2ã{ y
�������{ã�Õ/����Ü�Ð�Ñ8×&�KÕ%à�Ü
á�Ö	��à�Ð�Ò	�#Õ�â2à�á4Ú�á�ß�Ð�Ö&×&�#Õ7ä� ò�ç>ò�ùLð�ñHì>ñOò"æ"ð#?më��>ò&õ�è3ç>è"ë,ô�ù�ðBò>ë�ç�é
?H÷	:FïBþ
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(5. 43) ���������3���3�e�}�	�|�w���2�
���/�	�O�%�G�*�
�Q���%�5�G���������/�#�w�����2�/�������	�����3�����2�����#�/�|�3������ ��/�¡���	¢����*�-�w�*£¤¦¥*§�¥*¨-©#ª5«�ª8¥	¬	©#U®�¯�¥
°�±w§�±	®<²3¨}©G¥�®*§*³
5´	µQ¶G·
(5. 44) ¸O�W�G�-�¹�5�.�w�G�/���&ºW»W�2�w�¼���w�3�w»W�&���k�#�����s�� %�*��������½������Q�
�����#��¾�º ¿�À�Á�Â¹Ã$Ä�½����Å���	�/Äd���#�%�*�WÆ�Ç�ÁpÀ	È�ÉÀ*Ê<ËwÈ�Ì<Í��/���G�	���3���
�#�}�	��Î����*�
�2�����¹£Ï ¬�©GÐÑ¯�¥�©GÒ3«�©#ªÔÓG¬w°*¥	©GÐÖÕ*²¦©#ª*°Y¯�¥�©G¥�«�¯*²2¬�×°�Ò�µe°Ø§�´	±
Ùw´	¥�Õ�Õ*Ú�©Gµe°×§�±w¬Ö§�²�´w®-Ùw´	Ú�Û�±%°w©G¥*®W«*©G±¯�²GÛ�Ú*³�¥*®<±|ÜO©%±/¬�§�¥�´	Ð¹°
©G±�¶G·
(5. 45ÍK���������
»%�����#�}�������w�%�0���*�U�&�����	�¹�
�&ºG���*�&��½��w�K���%�������*�}�G�5�#��½O�¼���w�3�%�����}�3½O�3�#�������#�G��½M�0»*½M�3�����
�¼º%��»*½��¼»*½�/�����&�G����½.�¹�����G�����#����½¡�������%�������2���Ý�	º*½¡���-���}�	 ��#�����������
�#�}����Î/½b�¹������¾5�#�����/½2£¤Þ¥w°
©G®sÕ�²2©�ßb§*®p«*ª¦©�µg°�¯�¥�´w«�©�®�¯*ßg°à¬�Ów´	±�Û�±*´	Ò3µ\°�Ù/¨ °	²#©G¥*®�Õ*²á©#ª�°â§�´	±	«�Ò#ÙGÙ
®<«�ªã©G±/¬¦ä�«�±�Ó%åw°*¥�Õ�±
¬æm±*´	ßQÓ/±w¬�¶\ç�Ò�«�±/¬|§�´	Ú	Ù�Õ*¥�§�±w¬|²�¨ °*¥*®�Õ	®<¥�«�¬w°w�èGª5¶d§�´	¥*¯	©�®�¯	8«�²b©GÒ2©�±�®p±/¬�²#¨<Ó
±
¬�¶d§�´	±*éw³
�Õ*¥	©G¥�·
(5. 46) ¸O���¹¾����
�&�*�&�5���w�%�¹�*�&�w�¼»	�����G���	���2Ä���º*½.�#�������	�O���	�¹�
�¹»��w���d���.�s����¾��}�����p�������	£¤¦¥*§�¥*¨-©#ª5«�ªU®�¯�¥
°�±w§�±	®<²#¨-©G¥*® ·
(5. 47) ¸O�$�/¾����
���������¡�w�G�/�����w�¼»	�&�����%�&�������&»*½=Æpº6�����w�w��� ���3½}Í���Î
�#�e���w»*½��&ÄO���������%���2�p��Ä��K�����|�������¼����������3�	Äà������ ¹�%�	»¹�	ÄO���ê���2�/�w�G�-ÄO�mÆ<��£ ��£����-���s�� %�����*�&�|�	�����	���#�� �½}Í
£ëd±�§�¥�¯�Ò2©�±�ì\«�©2ª�°�§�¥�´	±/å�«5¥^Û�Ú�«�ª�ì\Ó/²&°~¬*§�±�«�©3ª�´w¨<í#²3®.¥w¬�©GÐ�Õ�¥	©#ª(é�¥�è	Õ*±¹°*Ð�Õ	ª�«�ªo¥*³w³�Ú^§�¥�´wÒ3î/²#®¡©G¥²%´/Ù
¥*³�²#¨<¥�Ù
®<¥�é	¥�è	Õ�±%°�Ð�Õ	ª5«�ª=Õ�²SÓ
±w¯*®ïÕ*ÒG¶G·
(5. 48) ¸O�K�/�� ��%���G���w�%�/�����w�&»w���=�G���	���2ÄM��º*½b���2����ð\���2�Ý�	�O���#�����*�w�����	�¹�
�/»	�	�O�=Æ<�	£ ��£����������-�/�����#�G»~�
�& ��#��»���	�3Î/�/�ê�������G�ê����ÎM�
�¼»���ñ¹���Ý�w»0Íw£ò�©#ª*°6§�¥�´w±
å�«5¥K§�´	ßd©#ªáÛ�Ú�«*ª�©G±
¬kÒG´¹Ùw±/¬�ì5©G±6§�´	Ð*éw³
ª�Õ�¥K©#ª5¶Oó�³	¨�¯	ª5¶�Ó
²�°~¥/°w©�®ïÕ�²2©�µb§*¨<«�©#ª�¯*²Gì�¥�³w³�ÚÐw§�µ.¶�²�ô�ª*Ùw²3¨}©G¥*®d¯�¥*®d«�©#ª*°�²3®<«�¥�Ù/µdÙ%�ì�ª�«�î/²2©3®�¯	oÓ/®<²�´	²2åw°
ª�«�ª$§�´�±/Ùw´	¥5Õ�Õ�¥	©�¨<í#²2©G¥�®\Ù
®<¥k©#ªoÓ/²2å�©�²G´
ªÛ�Ú�«*ª�·
(5. 49) ¸O�Þ�#���3�w�G�à�/�Þ�/�� ��%���G�(�w�¹�¹�*���
�¼»	���Þ��� �����/�	�����w»*½Ø�����	�0���	�3�3�� ���Ä��Ô�
�×�s����¾��Ý�	ºõ���#��¾�ºöÆ�÷�������
�� ��
�3Ä��sÍw£
(5. 50) ¸O�,�/�� G�G���G���w�¹�¹�*�&�w�&»w���à�3�����2ÄM��º*½6��ÄO�W�s����¾��}�	�O�^�����O�&Ä��W ¹�%��Ä��$�����w�¼���w�3�3�� ���Ä��$�
�����#��¾��3½�	���wðe�*�0�3½����b�&�� /�G�����	�/�
�&ºG���������������ê���2���¹£ø�¥*®�±w®�Ó%å�±�§�´w±
ª�Ùw±/å5Õ*²¼°*²�¶b¥�§�¥�®-©#�«5²#®<¶d®�¯�¥
°*±w§�±w®<±
å
°w©G¥*®�§*³/�´wµQ¶¡¥*§�Ð�©G±m²3§*®�³�²�Ù
Ò&°�§�¥�¯�Ò#©G±�·
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3 ùûú|ükýàþàÿ����

3.1 �����
	������������������������� �!#"%$�&(' $*)*",+�-/.10324&524617,8:9;"=<164>3"1+?6,)*6A@�9CB5-EDF6,)�-E";.,85DFG,>�91HJIK.,&5DL.1"1-MBN-ODP&5QJ' B5&N)�-/.,8NDP2R-E&S$�8N)�GT&(-ED
U +?6,)ABNV/GT&(-ED�W�BN6A>
>K2�)*6;+?6,)�85"X&(V 9,";-Y.1"*BN";$A&�$*)*"T7T7;8S9;"ZG1B\[*9X];0,G1[X$A&5'Y$*)*"1+^-/.*I�D�<,_4[^)*6,+�61)4VO"KD�BJ64>Z8J)R$46A>�`
!#"L$�&(' $�);",+�-a.K0b2A&N24617,8c9,"bG1>49,6;2A&�@K6R9ABJ",-d.1",-e";<1fg<1&N)�-a$4)*"K+^-/.*Ih<,_4[�)*6;+?6,)4VE" U G,BN"TH4&5)AIiIhjA)*6R9*-a.K0
7,&\BN"T]*"1_�_;f17,&c9�[TWS`
!#"�$�&(' $�)*"1+^-/.10k24&52461718c9,"k"1+?6,)�64@49�G,BN"k";.1f*_;6A>�HA"?l
1. m <,-E+?"49,&\-E";.*In&J71+?049*-OG1[o.�@T)�-O'p9q$A&N' _;6A$4-/.1rs9�GKjN[�71"*B5-OG^71rs9
2. t 2�)*"*>1_*-/.,85D -E2A-Of�B\[1B5&5D#>K2�)�6;+?6,)�85'p9
3. u [�+�-E",.1fv716R9ABJ8\_;6�&52401+?6A>KD
4. m <,-E+?"49,&\-E";.1f;D#>K2�)*6�.K)�VwB\[�D
5. x 85G1[yG,[?7,&(VO'p9q@K24"*BN6;D U <16�BN"T716*VEz4_*V{749*&ND#<*[K$48ND\zR$4&(' BJ)AI�GT&(-OD�W
6. | )*24&�>Kf171&c9;&5D}&\.*BN0KGK&(-ED

3.2 ~n���������*� �������s�Y�s���}��������?BN"�<,_;",VOGK-E"�B\[�D�71&(_*8�B\[^DkBN64> tq��m#�����Ym U��1�;�;� ",Wv&\VOjJ&�$AV 9,&\-q]*"TH*7,6J9,f17�[�G,[�BN6A>�716R9�B58(_*64>�7;&Z]*0,G1[
24&524617,8S9;"d&\<,-E+?"49;&(-E",.*I�D�],)*6�jRf�<;B5'�G1[�D�[�6�<16�VE"�>,<K6�_;64$RVEG1B\[K.,&vQJ&(jR'�)�-OG,BN0�$A-O"�B\[Z_;&\.K049�[dBN6�>���9;'z�BN6A>
��8(G�64>Z.1";-#BN6A>e��0�BN'���6A>eBN6A>Z �6�-E' B(-a.K64@
�q[�+^-EGT6A@�`��?B\[M7,&\_*8\B\[�&\.,&5V 9�[^z¡[�>,<16�_;&\.K0A94[�BN6A>Z��9;'��?6A>
<1&N)�-O_;"�71]*0�9*&(-qBN6MBR7*I�7,"�B\[�De_;&\.10494[^DZ&c9�BNf;DdBN6A>�&\<,-E+?"A9,&\-E";.16�@¢>T24)*6*.K)4VaB\[�.1",-v"A9,049�B\[£B\[^Dd$48(+�>T);"1D
��6;2AVE6A>XG1B56R9
 6�-E' B(-/.1f���[�+�-OG�fT`�¤F>,<16�_;&(.10A9�[XBN6A>Z��85GT6A>Z�?6A>Z<1&5)�-O_;"T7K]*049;&(-#BN6�BR7�I�71"
B\[�D�_*&\.K049�[�DU &:94BNf;D�BN6A>3&(<,-E+�"49;&(-O",.164@%>K2�)*6�.K)4VaB\[�W¥.1"*BN0494B\[¦B\[�D�$48N+T>T)*"1DL��6;2RVE64>=.1",-�"49,0A9�B\[3B([�D§$A8N+K>T);"1D
| 91H46*jJ')�VE6A>�`¡!p8(_;6;D\zs[�>,<16*_*&(.1049�[�B564>X��0;B5'��?6A>�<1&J)4-/_;"�7K];0A9;&(-YBN6
BA7�I�71"XB\[^Dv_;&\.10A9�[�Dv.K"*BN049�B\[�B([�D
$48N+T>T)*"1D | 9,H46�jA'�)�VE6A>g7,85jR)�-vB\[;9�8(QJ6;246£B\[�D�_*&(.1049�[�D�G,B\[ � -Or)R>;$4"���"T)*2RVwBNG�"1DN`q¨�-y&(.*B5-{7�ITG�&(-EDXB([�D
&\<,-E+?"49;&(-E";.;I�D�];)*6�jAf�<*BN'�G,[^D�&(VOjR"49�$AV 9,&\-�G;BN"y<,_;",VOGK-E"kB\[^D�7;&(_*8\B\[�D}BN'p9k&(<,-E+�"�9*&5-O",.,r#9�9;&N)�rp9oG1B�[�_*&\.K049�[U t���mp���q� m z �1�;�*� ]*W:` � "K)*f*_;6e<164>�[�_;&\.10494[�BN6A>���0;BN'���64>�G1BN6�716J94B585_;6eBN'p9Z>1<1fA$4&5-/'p9e9*&J)�rp9�24&:9
G,>^7*<,V/<*BN&\-}7,&�B�[X_*&\.1049�[�7;&�B\[X_*&\.10�94[�7,&�BN"1Q(@e©¡8N+T>T)*"1D | 91HA6*jR'�)�VE6A>e.1",- � -Er�)R>;$4"1Dq��"T)*2AVªBJGT"1D U ",_*_;0&(Vª9,";-�7,-a.T)*f4B5&N)A[�W¡G,B�[�71&\_;8�B\[y&\.K&(V 94[kBN6�GT+?0,_17,"k";<1fqB\[,9�<K)�6;GT8�$N$4-OG,[n"*>,B\IyH4&5'�)AI�HJ[K.,&"T71&\_4[1BJ856K`
| <16*_4@,B5'�Dvf1716*-E"�7,&JHR6,2A6*_;6�$RVE"
$A-E"ZB([*9X&(.*B(V{7�[�G1[�B�[^Dk&\<,-E+?"49;&(-E";.*I^Do];)*6*jRf*<*B5'�G1[�Dk",.16�_;64>THNI�G�"T71&k.1",-G,BJ6e<1"K)*fJ9�&N)�&S>*94[KB(-a.Kf�85)A$�6XG,BN"�<,_;";VEG1-E"XB([�Dv<K)*6;G�"1),7164$JI^D�BN6A>�7,6A9ABN8(_;64>X$A-E"�&(<,-OjJ&(-«)A[TGT-E";.*IMjA)AI^G,[?`
��&�BN0yB\[�G,>1_�_;64$NI�zK"KQN-E6�_;f4$R[TG,[d.1",-?&\<K&5QN&J)R$4"KGKVE"oBJ's9¬24&524617;8S9*'#9nG,[?7,&\-E",.*I�D�];)*6;jJf�<*BN'�G1[�D�G1B\[�_*&\.K049�[
BN64>k �6*-/' B(-/.164@v��[^+�-/G�6A@k.1",-TG,B\[,9�<1&N)�V{7,&�BJ)*f�B\[�D�2A-E"KH48�BJ"T7;&�24&N2A61718c9,"yGK&y5®v],)*6�jR6K7,&�BJ)4-/.164@TD}G1BN"KH*7164@KD
BN'#9¯6�<16*VE'p9hBN"CjR"T)*";.*B([^)�-OG,B(-/.10°+?",Vª9,6J9�BN";-MG1BN6J9 � V 9;",.1" 3.1

` | 9,",_A>;B5-/.10°6�-�&\<1&5QJ&N)R$�"1GKVO&ND�B5'#9
24&524617,8S9*'#9£<1"K)�64>1GT-E01±(6J9�BN"1-vG1BN6£!p&\@,jR6,DX²�BN6A>�<1"T)*fJ9�BN6;D�8N)R$�6A>�`�¤³H48(G1[�B5'#9¥G,BJ"KH*7;r#9¥G,BN6�jAr�)*6
+?",Vª9,&SBN",-1G1BN6q�sj5I?7,"

3.1.
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´qµª¶,·;¸1·1¹
3.1 º�»�¼�½*¾R½K¿,ÀSÁJ¼�Â ¸ ½ µKÃ Á ·TÄ ¿,½ µ1Å À ¸1Æ4¶�Ç�¹ »�½*Â/È Á5Â ¸ ½AÉ�Ê Ç^Ë Â Ã ½AÉkÌTÍ Å*µa¸;Ç�¹Î ¶ ½1¿ · Í�Ï}Ð1¿,À�ÁR¼�½�Ñ�ÒoÓ ÍqÔ Ç ¼;À ÃKµE· Õ ½1¿1Ð ¹ Ö Á\× Ã ÂE½�É,Ï ½ ¹ ÑØÒkÒoÓÙ µEÃ�ÚAÇ

166.8 Í ´�Ö#Û�Ü�ÝYÖ »�½*ÂOÈ Á µE·1¹ 452Þ#·A¶,Æ*ß ¼ · 138.4 EMY »�½*ÂOÈ Á µE·1¹ 457à Å*µE· ¼AÁJ½ ¹ 105 EMY »�½*ÂOÈ Á µE·1¹ 585á À Ë#âJã ½AäT¼4Â ¸,µ ½Aä 85.2 Í ´�Ö#Û�Ü�ÝYÖ »�½*ÂOÈ Á µE·1¹ 438å Â Ú*·Kæ Â Æ 175.6 Í ´�Ö#Û�Ü�ÝYÖ »�½*ÂOÈ Á µE·1¹ 763
Ê · ¼*½AÉ;ÁNÀ ¹ 1049.6 Í ´�Ö#Û�Ü�ÝYÖ ç È ¸,µEæ4·1¹ 1270è ¿ Ë Â Ã�· 199.6 Í ´�Ö#Û�Ü�ÝYÖ ç È ¸,µEæ4·1¹ 769´�· É Å ½ ¹ 212.7 Í ´�Ö#Û�Ü�ÝYÖ »�½*ÂOÈ Á µE·1¹ 493å Â æ ½,¼ µ/¸ Â 547.6 Í ´�Ö#Û�Ü�ÝYÖ ç È ¸,µEæ4·1¹ 943
Ê Æ Á5È Þ Â Ä ½;¼*é · 168.3 Í ´�Ö#Û�Ü�ÝYÖ ç�Ä ÂEê Á(Â æ4·K¹ 667ë ä ¸ Â Æ 707.8 Í ´�Ö#Û�Ü�ÝYÖ ç È ¸,µEæ4·1¹ 1267à Á ·1Å;Æ4¶ Á Ç 78.1 Í ´�Ö#Û�Ü�ÝYÖ ç�Ä ÂEê Á(Â æ4·K¹ 573á ¼ ·TÚ Â Æ 380.7 Í ´�Ö#Û�Ü�ÝYÖ ç È ¸,µEæ4·1¹ 924Ý ¼4ä�¿ ·,µE· 502.6 Í ´�Ö#Û�Ü�ÝYÖ ç�Ä ÂEê Á(Â æ4·K¹ 731´ äT¼ Æ 1137.1 Í ´�Ö#Û�Ü�ÝYÖ ç È ¸,µEæ4·1¹ 1351Ý}· É Å À(Â · 380 Í ´�Ö#Û�Ü�ÝYÖ »�½*ÂOÈ Á µE·1¹ 844à ß1âAÞ ¼�Â Æ1æ4· 400 Í ´�Ö#Û�Ü�ÝYÖ »�½*ÂOÈ Á µE·1¹ 1007

ë ¾5×�¿ · 3.1 º�»�¼*½�¾A½1¿,À\ÁN¼�Â ¸ ½ µ1Ã Á ·KÄ ¿,½ µ1Å À ¸1Æ4¶�Ç�¹ »�½*ÂOÈYÁNÂ ¸ ½�É�Ê Ç�Ë Â Ã ½AÉoÌTÍ Å*µ/¸*Ç�¹
ì3¸1· Á Æ ¼AÁ5Â Ã1Ç Á5È ¶ Ô1½ Å ä ß ê ¶ È ¶ Thiessen é æ À(ÂEíNÀ�Ð4Á5Âv¿1Ð ¶ ½ ¶gî;î�· Ô1Ð�Á5½4ä ¹eÃ Á ·KÄ ¿,½�É ¹ ÁN½Aä ´qµ ¶;·,¸1·

3.1
À\Ô Ç ¼*À Æ1ï ½Aä ¶ Á Ç�Ú ¼�½*¾AÐ�Ô*Á5È Ã1ÇoÃ Á Ç*¶ Ô1ÀN¼�ÂO½*¾N×¬¿1À Å é�Á Ç^¹NâRÞ#· ½ ¶ Ð1¿ · Á Æ ÁN½4ä ¹ Ô · ¼*½Aä Ã Â Æ1ï ½ ¶ Á · Â Ã ÁN½ ¶�´qµª¶,·;¸1· 3.2
¿ ·Kï\µ ¿1À}ÁN½Aä ¹ Ã ä ¶ Á5À Å À Ã ÁNé ¹ Thiessen

ß Â · Á5Â ¹ ä,Ô1½ Å À ¸1Æ4¶ À ¹ ÁN½4ä è ¶ È�ð ã é Ã ½Aä ¸1· Â;Ê Æ Á5È�ñ?½Aä â
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òqóªô,õ;ö1õ1÷
3.2 øAù�ú*û�üAû1ý,þ\ÿNú�� ö û ó�� ÿ õ�� ý1û ó�� þ ö���ô	�^÷ ù�û
��� ÿ� ö û���� ��� � � û������ õ ÿ �;ô þ ö ÿ ó ý ����� ÿ ��÷ þ���� �?õ4ô þ�� õ;ö���÷� ú*û*ü����*ÿ� ����÷#öKõ � � üJþ\ÿ� ö û ó����*ô ÿNþ � þ � ÿ � ÷ Thiessen! ô �#"�û �K÷ $ � � û ÷ "�û �T÷ � � ÿ�%"?û �K÷& � óEõ�' ú�� ��(4õ 0.11& �*óEõ úAÿJû ÷ 0.18& ÿ õ����4ô ÿ � 0.09 0.06) ú õ � � � 0.47* õ � � þ�� õ 0.07* ú � ý õ,óEõ 0.39

� � ÿ� ' � � û;ú
� õ 0.09 0.91 0.03+ þ� � õ�( � � 0.27ò�õ � � û ÷ 0.28ò,� ú � 0.03-.�,ö � õ 0.02

3.3 /10�2436587
9;:=<>:@?63BABC>DFE,2G:6HI3J?40KE@5,L6H;MN9POQ:SR8<,T,U6VW9- ÿNû ô ù�û
�X� ÿ� ö �Y� ��� � � �1�(üAû �4ô � ó ô þ�� � ÿNû1� õ ú*þ �K� � ôF��( ú;û1ý;þ�ÿJú ��� þ�� ÷qõ ���nÿNû1Z )[$#\^]�ò�õ ��û	� ô���÷�_6`�a�a�bKc6� þ`�`,��� ý,þ óOõ ÿNû � �1û4ÿ õ ý,û	�d�	� õ ÿ õ ��ÿ �e`�a�f	g�h�`�a�a
bji
- ÿNû ôyò�ó ô;õ;ö1õ 3.3
�?õ,ó ô û ô ÿ õ �?û��¡û ô û1ý õ��Kó þ ÷ ÿ � ôY��� ý1þ ó � ô��( ú*û1ýK�\ÿNú ������÷�ö1õ �#û��}ýK� � þ ÷ ÿ��{ýK� ÷ � � � ô ÿ� ô ý;þ�ÿJú ��� þ� ô � õ ú*û�ü ��÷ þ ô�kl�m� � ��� ÿ� ôN�K� ý,þ ó � ôN� ÿNû�ü k ú*û�?õ,óªô þSÿ õ � � ÿNû - ü � ý õ 3.2

ij' û ��� ý,þ ó û ��( ú*û1ýK�SÿRú ���K�^÷�ò �Tú��4û ÷ � ú ó��1ö þ\ÿ õ �;� �4ô � � ÿNû ô �Kû4ÿ õ ý�� $ � �;õAô,õ û
û��1û ó û ÷ � � � ��n þ� õ ����ÿ� ÷ � � ��� ÷,$ � �;õ4ô,õ
ö1õ �Yü �4ô þ�ÿ õ � � þ ö1õ ú � ÿ�� ö � ÷�ö1õ ÿ õ � � � ú*þ ÷ ÿNû ��õ4ô,õ ÿNû � � ö û	� �,ö ú*û �
ÿ ��÷;� þ ö���ô	�^÷ ÿ5û � ù�û��o� ÿ�� ö û��>� ��� � � û�� i
òqóªô,õ;ö1õ1÷

3.3 ø -.� ý,þ óEõ>��( ú*û1ý��SÿJú ������÷ ù�û
�X� ÿ� ö û���� �j� � � û	�-.� ý1þ ó û ��( ú*ûKý���ÿJú ���K�^÷ $ � �K� � õ ú*û*ü �Y]qp 3/s)ò�õ � õK� û �,ö�� 3.12$ �Kú ��� û ÷ 2.75$ � ( � 3.77& ô�� û*ü k ú�� 2.77* õ � � þ�� õ>- ÿ õ�� ý�� ÷ 2.93$�õ
� ú;û ô �Jú�� * õ � � þ�� õ1÷ 1.76r�õ �Eú kpô þ�� õ�h & � i ù õ��KóX� þ��Oû ÷ 5.60s ú�üAû1ý,þ ô � ÷I) � ��� ú õ 5.48+ þ� � õ�( � ��) � ��� ú õ 1.06ò �Tú���û ÷t) � ��� ú õ 1.92-.� ú õ � � õ � õ ú (Aó ÿ ��õ1÷ 12.10

) � õ ÿ � ÷ ý1þu� ��� þ ÷ � � ��� ÷ ÿ ��÷ �1þNú	�Eû*ü ��÷ ý,þ � �Sÿ ��÷W( � õ ÿ óv� þ ô ÿ õ ��ý1þ�ÿJú �j� þ�� ÷ � õ ú;û*ü �^÷ ÿ �;ô �1þNú ó û ( û `�a�fj`�hqa�w
]Øò�õ ��û�� ô	�^÷�_4`�a�a�bKcui�- ÿNû ô�òqóªô*õ,ö1õ 3.4

(Aó ô û ô ÿ õ �Yû
�pû ô û1ý õK�Tó þ ÷ ÿ � ô � � � k#ô ý õ�n\ó ý1þ�ÿ � ýK� ��� � õ ú*û�ü � ÿNû �K÷
þ ô�kx�^� � ��� ÿ5û �K÷y� ÿNûXü k ú*û �?õ,ó ô þ�ÿ õ � � ÿNû - ü � ý õ 3.2

i s � �K� ý õ4ô ÿ�� ö �4ÿNþNú�þ ÷ � � �	� ÷yõ ���Zÿ �;ôz� �Kû�{ � ÿ ��÷
ý,þ�� õ�� �,ÿ5þNú ��÷ ý�� ����÷ � õ ú*û;ü ��÷ þ ó ô,õ �
û
�N� � �	� ÷^$�õ�� ú*û ô þJú ó û �bö1õ � $ � �;õAô,õ|] s ú4üAû1ý,þ ô û�� cui s �W� � ��� ÷$�õ
� ú;û ô þJú ó û � ÿJú�û � û ( û4ÿNû�� ô ÿ õ � õ ���Pÿ �;ô þ � ú}�;ÿNþNú � �1þNú
�/û*ü � ÿNû �hò�õ ú ô;õ���� û�� ö1õ � õ ���bÿNû~�1û4ÿ � ý��
ù�û
�o�Yÿ�� ö �N� ��� � � �XýK� � �§ý,þ�ÿ õ � � óX� þ�� ô�ö1õ � ( � �j����� þ�� ôeõAô ÿ ó�� ÿJû��/ü õji s ��( ú*û � �1ú�û ÷�ö1õ ú � ÿ� ö � ÷ û;ú óon û ô ÿ õ1÷� ÿ �;ô �,þNú��Eû�ü �¦õ4ôK� � ��������÷ ÿ � ô � � � k#ô �(üRþ��YýK� ö ú � � ö ÿ õK���
ö1õ � õ �1û ���Tö þ � ÿ� ö
� � ö1õ4ô �4ÿ � ÿ õ�_ þ ôKk��W� þ ö��4ô��
ÿJú*û � û ( û �KóOõK÷ ÿNû �¬õAô,õ �*ÿ�� ��� þ\ÿ õ � � þ�ý,þu� �K�	� � ö ÿ õ����nö�� ÿ�� õ ���vÿ�� ÷ �Kú*û � ü k6� þ� ÷ ÿ5û �Y$ � � û �nö1õ ��ÿNû � ! ô �
"?û � ÿNû � ù�û
��� ÿ� ö û��>� ��� � � û	� i
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�,���
���	����#�������K������������������������������	�������	�����o�}�X���	�������[������� ���
�v�}�	��� � ���¢¡@���}�	��£o���¤�K�
�����
��¥ �[¦��
�£o������� ���F���
���� ��¦K�§���¨¦��©��ª;���P����«K¥����������� �
���^�u���
�����1¬� ®

k ¯ ��� ��£X���	��°6���±�K���
����� �²�K³J��¦K�������
97.9-101.2 ¯ �´I£µ�����K�
������I�K����
¥}��£����o�K�j�t�������¶� ���
� �����X�
·1��¸¹���Y������º�·��t� �	�������
�����X���	�����	����º.���
��1¦��4� �
�K���u�	����«x�K�©�}��¸G¦��
� �»� ����ºj�	����¥ �¼�����y���o�z�����	�X����¦K���}�	��½���� �z�K���K�������o�¨¦K�����o�K������¸J�����o�e«�¦�¦�ª¹�»���K�
���
��������¸B�>�K�
���o���K�
������� �����K�µ�
�¾��·��¹�����¾��£����;¿qÀQ�
�����	������°.Á�Â�Â�Ã�Ä§
À@£µ�K�������

3.4 Å À¶�K�	� �t�
����«	�����tÆ@ Ç¶��º[�����	��������¦K���� �I�����
��¥}� �¹� �����
À,����· �z�����d�����
��¥·Y¿ ¯ 3/d)¡¶���´I�
��������

51800ÈS}ÇQ�º.�����K���}�����
24200�z�
�������
�����
128700¡¶���ÀQ���
�������u��·
44000É>��o��������«
57900�z���������
267000¡¶���ÊËª4«	�������
9500ÀQ�
�	�
�}���
�
81200ÉQ������£o��´I���K���	��
38000É>«�����¦}�K��ÌB�ºI
16400É>«�����¦}�K�>Ç>� º¹
26000

Í ¥·.¦K�
3.2 Å Ç¶���
��� �I�
����� �;¿q�
�K�������oÄ[���K�����[¦���£o�>�����
��¦��������������I������� ���
�u��¦�«
� ª¹�>¿Î����£Ï�	ª¹����Ä������t��� ���o��¥ ·��¦������u���j�

Í � �Ð��¥ ·[¦��
� �
3.3, 3.4

�����
3.5

º.��£ �K�©� ���Ñ�#�����K�
��¦K�	�����²�©���@�����
��¥·��>¿Ë�K���F���	����¦K��� ��·�����o�©Ä6�ªB�N�
���	�oªB�
�
����¸I�¶�����t��� �����
¥ ·��4¦K�����������;¿Ë���	��£o��� ���X¥��>�ª¹�Q�
���	¸I�Ò�Q�	¥}��¦��Ó�K�	��°	�z�����
�������	£o���d° ���K��ÀQ�
���������
���©Ä§
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3.4 798;:=<?>A@�BDCFE?GDH+I=>KJMLONP:=Q?<?R�<?Q=@2STBU ��*O.4�V XW�YMZ U � ����&[,�3\�V.�]�^0�`_��# a,#-b,#����]c ��d1�.�e`^����;&[�V��*d��-/.0�%21�-f35&M���#"g,�3h-i �-0�%�#-fjD1V"`1V.4�k����.b3h_�eX��35�
!V�#�����#35��1���*l.4�;&MW�YMZ U � .��nmpo�qrWs1;-�tVua1��k��-bj\�X./�2&v-4"`�%$V.b-��#�;&w!V-f_�e# #�;&w.��#"dxy��35z{.b3|_��#$a}w�;~23\1;��$n�
YM!�jh_��;&��#�P3��% �������1�j\-�&�.�z� �^�]b1`-bz� [~k��j  ��0 #.���3�1�.��0 � j� ��V_�� 3.5.

� j� ��V_���& 3.5 � 
k�k��-4j5�[�����V�V_���!V��$`^0�`1��;&(1�.�e�^����2&�"���*��#-435��"M �-0����$����� �� V����� YM�(*��;�|�
(m)

����� �[ ������ Yv�D*��2���
(m)

�V��� �[ ������ Yv�D*��2���+'
m)

1
YwYw
�u

179 15
Y+Y��

104.67 29 �+�n� 100.56
2

YMq��
91.8 16

Y+Y[�
116.9 30

W�qg��u
178.83

3 YM4 79 17
Y+Y � t 136.36 31

W�qg�k�
129.87

4
YMq��

90.4 18
o�t��

101.83 32
W�qg���

129.27
5

YMq��
62.2 19

W�} � 99.23 33
W�qg���

142.12
6

YMq �b� 178.3 20
W�}��

116.55 34
W�qg� � � 138.44

7
W � � 41.96 21

W�}[�
103.33 35

W�qg��uVu
127.08

8
W � � 58.95 22

qg� � 124.22 36 F37 135.01
9

W �T�b� 39.03 23 � ��u 121.39 37
o{��u

166.3
10

W �T� t 48.72 24 � �k� 118.13 38
o{��t

170.03
11

Y[� � 88.96 25 � ��t 116.83 39
W U ���

309.34
12

Y[�{�
106.9 26

U }vt
114.74 40

W U ���
324.92

13
Y[�(�

138.44 27
}w��u

108.75 41
W U �k�

332.46
14

YwYMt
107.71 28 � � � 105.44 42

W U � �V� 282.27��YM�(*���-4.����[,%35e�.%���`1��;&
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�k�4�d�V�� �¡�¢0£�¤�¡��`¥��T��¢�¦X¡�¢%£���§4¨�¢#¦O©fªh«��#£9«%¬��2¥�®¡�¢�¯�¢�|�2 �©fª�°����¯���¨�5¤#�b©�¬��T±�©�±#¢�¡�§²£��l��¢#¦l³�´kµg¶·¥`©T¸f¹9��¯�¤
�b5º=¯���¬���¯�»#£�¼½ %§�¥�©b\º�¾�¿+¦���§�ºy©4ª�£��Vk¢�;¶�¿wÀkÁ�°���2¶�¿MÀ�ÂMÃ#5����¢%£ÅÄy£�¼·À2¢�¦`Æ�ÇwµgÀ;�y¸�¹�°����¶�µrÀ(¸b¹�Ã�5�È��¢0£
µ�§f¥;¢wÀk¢�¦�°����¿wÉwÊ�Æ#µgÀ2Ë�Æ�ÌwÀ2Ê�Æ#¶�µgÀ�Í�Æ#¶�µgÀ�ËVËM°����É+À�ËVËwÃ�5�v��¢0£wÉv»V��¼gÀ�¢#¦�¾

3.5 Î9Ï;Ð=Ñ?ÒAÓ�ÔDÕ½Ö(×DØvÙ=ÚMÛ9Ô{Ï2×=Ñ�Ü�k�4�V£s¯�©�¬�\¢�«�ÝÞ¡�©4¨V§/�/�2ºX¦�ß�ªh¥�����£�����v�b§�¥�¥`©�¬�5ºX��¢�¯�h°�¢�ª�¢�¬%Ã��#£Vh¥�¡�¢�ª�©/Ã0Ã�©4ª5¼�£à��©f¨���há=¥�©�¼â£äã)åâæA¶âç=èi¾Aå{�
¢%£�¤�¡��V���l�0¢�¦�ºA°�����d§f°�����¥��n�0¢�¦�º+ßk��ª £�¢%£������¥���¢�£9éwª�£V��°��

3.6
¾�êÞ«%¼=¬�h°�Ýg��£�»V¯��4¦`ëf�a��¢�¦�ºMßk��ª £V©/�����¥���¢

��«bÝk¡��
3.6

ã®É[¢#¦�°�¢�¦;�#ª�£�¢Vºv°���{Ì[¬#5¥V��¢Vß�ª5±0�;º4ÆP¸fìVì�í#Æ�î{��¬V¬�Ý;ºv°2¾ »2¾ ÆA¸fìVì�ìVèc¾�¶�°���¤Vº��V¯�¤n�b¢#¦`º[¢�¬%Ã#�#£�5¥2¡�¢�ï�º
��¦V��¢�ï`º{°���¨�¨�\©0¬%Ã0Ý2¥�®¡�©�º(©f°���»�¥;©45ºD¦�¯�»�¬�«%¢#¦#£[°���`¥;©K¯�©�±%�£V§bº(¯�©�¬�5¢�«�§bºDÃ�ï`¬�¼ð�V¯�¤�±�5»�ßk¢V¬�¢#¦`º?¢�h°�5¥�¡�¢�ï�º�¾#ê
§4°�����¥��Å°��������¢%£�¤�¡��V���M��¢#¦�º(ßk�Vª�£V¢0£������¥���¢�¦�º{¯�ª�£��V°�©bº

3.7
°���

3.8
¾0êä #§f¥����b¼â£[¢�h°�5¥�¡Vá�£�¥��b¢#¦�º?¢�¯�¢�ª5¢�¦�º

�#£�Ý�°�¢#¦#£9¢��©4°��0»�¥�©b5ºy��¦V��§bºyßk��ª £�¢0£������¥��0¢���«bÝ�¡��
3.6

¾�êñ»`¬�±#©i¦�¥��O��¼�£Å¯�©�¬#5¢�«0áâ£l��¦V��á�£�Ã�ª £�©i�����°�¦�¬�ª\¼=º
�V¯�¤ñ¦�¯�¤�Ã#©45�ñ£V©�¬�»ò�V¨�¨V»ó¥`©ô¢V¬�h¥�¡�§c£V©�º�¯�©�¬#h¯���á?¥`©45º½ãõæw¬%Ã��#£Vh¥�¡�¤VºðÉ[¼D¯���ö®±���º/èg°���X��¯�¤ó�V¯�©4¦` %©bª5��º
�V¯�¢�¨#Ý;÷{©f5º(�V¯�¤w��¢M¯�¢#��»;¡Vp¾
éwª�£��V°���º

3.6 ø ¿�¬�±%©4¦�¤�¡V©i£�©�ºD©f°���»�¥;©f5º{å{æA¶�ç�°����æM¬%Ã#��£�5¥�¡�¢�ï[Év¼(¯���ö®±#��º ã)¥��0¬�§0¡`¡��V����èéM©0¬�\¢V«bÝ ¿[¬V±�©4ï�¥�®¡�� ¿�¬�±#©/¦�¤�¡�©²£��Åã�¸fìVì�Í�è
æw¬�Ã��#£V\¥2¡�¤Vº�É[¼D¯���ö®±#��º

180000 160000æw¬�«�¢�¡�©i£�¢�ï
3500 3000ù ®����±�©f\»�º
6000 5300Ìv��5¬�á�£�©f5��º
2500 2300

��«�Ý�¡��
3.6 ø ¿[¬�±#©i¦`¤�¡�©²£�©bºD©4°���»�¥�©b\º
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úwû�ü�ýVþ�ý�ÿ
3.7 � �������	��
��� ü � ÿ�� ����������� ÿ�� ������� þ�ý ��� ü� "! �#��$&%('*)�+,���-��.�� þ�/ 
 ÿ ��)0�1
����  �ü �#� þ�/ .  �ü�����#�	.���2��)435� / ������� ý�/�ý�6 �������7��
�� ü )438� / ������� ý�/�ý�6

� ����� ÿ�! ��� ÿ $&% '&)�+,���-�#.
9;:�<�/ �	� ý�ÿ

123000 20000= ��>��1��� ý�ÿ
17000 5500?A@ ý �����#�
6100 5000� ü >����  � û �#�
32000 20000B . ü � : �
170100 50500� ü1 "! �#� ÿ % $*%�'C)�+,���-��.

D � ý�E � <�ÿ
3800 3500FG� :VýVû5ý�ÿ{ú � : ������
��-���
10000 5800�H�1+ ûhþ1: ��� ý�ÿ
20000 10000B . ü � : �
33800 19300

úwû�ü�ýVþ�ý�ÿ
3.8 � �������	��
��� ü � ÿ�� ����������� ÿ�/ �#��' <�/I "! �#��$&%�'*)�+,���-��.H� þ�/ 
 ÿ ��),�
���  �ü �#� þ�/ .  �ü�����#�	.���2��)435� / ������� ý�/�ý�6 �������7��
�� ü )438� / ������� ý�/�ý�6

JK�L� ü .-�����
7000 6300' < � / ���#�
17000 16000'�
 þVþ � ü ���
6000 4000?M� þ � üVý�ÿ
13000 11000�&N1%�$ :�< ��)
6100 5950O[ý �P��Q ü �I� ý�ÿ
11100 8000� þ � ü�/bû �#�
3300 2650R&���-� û �#�
5300 4500ú �����) :�û �#�
3000 2350!0 � ý�û � þ �
5900 4700ú �(��� < � ýHS ������� ü ��.
39800 39000B . ü � : �
117500 104450

S �#N ý#ü� �1� ü )T�#� <#ü ���L@�)UN��  V/ �#W��-�  �ü �XN�� ü �Y���A�(.�� � �(��� ��/ QZ�-��� ÿ � 3 ý6vý�� 
 / �\[ ú*D09 � / ) ü]� �����L���IW / �#�

1����� ÿ � þ � ü�/fû �#�^3 úMû ü�ýVþ�ý�ÿ

3.9
6�þ�ý �3 E�6�þ�ý�/(<G/ ) ü_� �(� û ����� / ) ÿV� ��
���+ ý�/ ) ÿK: ����`a����� û5ý�ÿ 3IbIc�d�d�efc�g 6�ý�� 
 / ) ü

9 [_J;� ú � / ) üG� �(���L���(WH$ ý �-� : � þ Q ü e úvý ���1� û ���H3 úMû ü�ýVþ�ý�ÿ
3.10).

úwû�ü�ýVþ�ý�ÿ
3.9 � D �  ;/ �#Wh���I� ÿ [ ú&D09 � / ) : � þ<�ü )^$&%('*)h+,�i���#.D �IQ / �#)��) ú ���������IW úMý �����(Wj3fk 3/s)

D �IQ / �#)h�1) ú �(���L���IW úMý �����(W43lk 3/s)O&! b Ový �L��Q ü ��� ý
0.32

�&'mb � þ 
 ü�/ ���
0.31O&!,n Ový �L��Q ü ��� ý

0.20
�&'Gg � þ 
 ü�/ ���

0.22O&!0o Ový �L��Q ü ��� ý
0.32

�&'Hp � þ 
 ü�/ ���
0.14O&! g Ový �L��Q ü ��� ý

0.23
�&'�q � þ 
 ü�/ ���

0.22�&'�r � þ 
 ü�/ ���
0.09
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s&tvu1w�xwy
3.10z#{}|�~V�����-�-|I� y;�a�G���_s ��7�4��| x��u �^�&�(�&���,�i���#�

{a|I~V�(� � �-| y s |����L���I� s_w �����I�j�l� 3/s) {a|I~V�(� � ��|�� y s |(���L���(� s_w �����I�j�f� 3/s)���"�,� � w �-��� � x� 0.11
�&����sG� sGw ���1��� 0.11���"�0� � w �-��� � x� 0.14
�&��s*����� sGw ���1��� 0.14���"�}� � w �-��� � x� 0.14
�&�������	� sGw ���1��� 0.14���"�}� � w �-��� � x� 0.14
�&��������� sGw ���1��� 0.14���"����� � w �-��� � x� 0.14
�&�������I� sGw ���1��� 0.07�&�"�h���I  � w �-��� � x� 0.11
�����h¡�¡ sGw ���1��� 0.14�&�"�hsG� s_w ���1��� 0.11
�&�������I� sGw ���1��� 0.07�&�"�hs&� s_w ���1��� 0.11
�"��� �Uw�¢ ��� u�£ ��� 0.25�"�,¡ �Uw�¢ ��� u�£ ��� 0.23�"�0� �Uw�¢ ��� u�£ ��� 0.21

� �(� � �I�0¤ w 3.7 � w1tvu � u � w �0���,|�¤1� w�u�t ��|I� y �I~ u^xw ���1�I� x1¥�u^¦ |7����~§¤ � �(~ u ��	� u | ¦ �L� �#u |�� w � �Uw � t u � y	¨���©�©�ª�«xw�¬�¥�y;xw �������|I~;�����-�-|�� y �� ��¤1�,~ u1w ¤1|Y��� uU���0�&� � ��©1©ª�«8¨ ��(�¯®^�¤1�U�°����~V� tLwy � w ��±#| ¢ �¤1| u � £	x � w �1� w�u�£ ���#|7� w �*�1� w 296854
�1��� £ ¤�¤ w � w �Z² £	x � w �� w�¢ �	�³| t u1w �G�-|\� ¢ ¤1�0~ u�t�w ¤1|´�(� ��¬ �������,¤ w �I~ uµw ��±�| ¢ �¤| u ~ u | x � � ��|(~ u �(� ¢s&tvu1w�xw

3.8 �f� � �I~ � � ¢�y7«Zxw �0�	� y_w ��±�| ¢ �¤1| u � y_£	x � w �1� y �I� ¢]¶ �� w�u ���,¤�#�m��~ ¦w�· ± w�y � ¶ � w ��±�| ¢ �¤| u | y
| x � � ��|I� y #� w �(� ��£ ��� xw �a�(� uY¸�u ~¹��� ¢ � w1t u � u � w � u1w | tvu�w � ª� 1ª� � Yxw � ��©��1 �  ��(� £ ¤�¤ w � w]w�u � t ��(���º� w�¨
�1�h¤1�,~ u�w ¤�|H�	�»¤|	� £ �����(� ¢\�&s&��¼G½_�V� � ¡ � �   « � s �L� w�u1w � ¢ �I� x�-¨ ���Z| x � � �-|�� y^w�¢ � £Iy � w�tvu � u � w ���1�(� us&tvu1w�xw

3.8 � ¶ �C| u ���#�~¾| x � � �-|�� y	¨ �-|´� ¢�u ± ¢�w �,¤�»¤| ¢1¦ ��������L�,¤ £¿u | yA¦ �������	��I| y ± ¢�u ��I� x � y |IÀ w ��¤��Á
±#� w1¦�u ��� y	¨ ���#�-�-�P¤� ¦ ���L�#� u � w �}�� w �	� u | x � t ¤�����]�I~ u´w ��±�| ¢ �(� x1¥�u´w�u�w  x1¥�u ���V� ¦ � t | y	¨ ���	� um¦ ��|I��� u ���7�� w
�(~ uÂ¦ |(��� ¦ � ¥ ��|I~ u¨_xw ��� ¦ ��� u � w � w�¦ �Ã�|�~V���#���-|	� y �C² xw � w �� w �-� ¨ ��¤1~ y	¨ �I~ u �|�~V�(�#�h��|I~ u³xw �H�(� ¢
�,¤|(������������ ¢ ��|��Ä�(� ¢ �# tLwy �(� ¢�y ±�| u | t u1w ��± ¢�u�w �	�}��{}�lÅ w�¢ ��� ¨ �1��� ¦w ��� u�£ �#�� ¨ ��� ¦ � w �¤ w ��� x£Iy �|I~;���#���-|�� yx��¬ | ¦ |����L���I� yKw�u ��� xw�¬#t ��� w�u � w � w1¦ �G|I� x � u � x1£(y �|�~V���#�-��|	� y ������±�� u�w ¤�� y ��|	�º�(� ¢ �# tLwy �

� �I�0¤ w 3.7 z � ¤� w�u�t �-|�� y;xw ���1�I� x1¥�uG¦ |X����~§¤ � �I~ u �1�7� u | ¦ �L� ��u |�� w�xw ���|�~V�����h��|�� y ��| x��u � y �&�(�*�h�,�i���#�
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4 
ÆÈÇTÉ�ÊTË4ÌTÍTÊ\Î³ÏÐÎ ÊÑË4Ì"ÒHÓ&ÔUËmÕ×Ö¹ØÙÇÛÚ"ÇTÜ¯Ë]Ý´Ó�Þ

4.1 ßAà�á�â7ã_äå^æç�è^é�ê1é�ë,ì�í�î�ï�ð1ñ4ò�ó�ïTô�õ�ï�ê"ñ�ö�ô-é�÷�çV÷�ò,øaðé�õ(ù\õ	ï»ó�öLù�í�ðñ	öLé\õ	ïhèHðé�õ(ù-í#õ�öLô1ï�èHõ(ú#û»ü1ú�ê�õ(ìIý�ú#ûTô1õ(ú\æé�í�þ�ê
ñ(í�ñ7û�ê�ïõIöºð�þ�ì�í#÷�ú�øú�ý�ú�ð�ý�ïhí�ÿZî�ï-ðñ�ï����Uñ�ý�ì	õ	ïAó#ö�é���ñ���í�öLôï�è;û�ó�é�õIöið1ÿ�ê�æþ1í�ç�ê�õ(çaêHý�ñ	ðé�ê�ÿ�ê^é1æú1í�í�ú�òhèKõ(ú#û
� ú�öLç;õ�öiðú
	��&ï�ë,ö�ô-ú�	 ðéö&õIç�êÃý�ö2ü�ê1ÿaê�_ý��ið�ï�è´ðéö��Gé�í�éý��Pü#ê�ïhè�����������������Vø ��!"!#!�é�$&%('0õ	ï ü1ñ	ý�ì7õ	ï
ñ	ðñ�� ê�ï»ðé�õ(é-í#õ��iôõ	ï�ðñjû�ó�í�ú�÷�ñ�çKý�ú�÷�öiðþÑüú�ê�õIì	ý�ú"õ�ï�èjý�ñ�ðù�ê�ï�è^õ�ú#û � ú�ö�ç;õ�öiðú
	)�*ïhë,öiô�ú�	Ðõ(ú#ûÛú�æú��Lú#ûÑõ(é
éó�í�ù*�#é�í�é�ð�õ	ïhí�ö�ô1õIöiðùGò�õ(é#ê&õ(éHé1ðþ�ý�ú�û�î�é,+
1. - ÷#ö ê1ñ.�#í#ò�ô1ïjõ�ï�èZæ�í�ú�ô-ì7÷(÷�ö�ô1ïhèKõ(ú#û0/5ô�ú�ó1	�ê�é�ü1ú�û2�_úí�ÿZó�ú�ûè(��ì(ô-ú#û´ü�ñ*ôõIþ���úHõ	ï�ê^æ�í�ú�ô�ú�ü1ú���ç�ô1ïjõ�ï�èí�ú�ò�èKô1õ(ú_ðé-í�ô1õIöiðþGô#	�ôõ	ï,üéGõIú�û � ú�öLçVõ�öiðú
	3�*ï�ëhöLô�ú�	
2. 4 úHü1ú�ê�õ(ì	ý�ú_æú#û^ñ	æ1öiý�ì5�(õ	ï�ðñKò1õ(é�ê&õIú�687:9�;=<>7@? æú#û^ñA� ê1é1ö�õ(ú_æ1öLú_ðé�õ(éCB(ö�ç§ü1ì¿ê1ú�ó�ö�ñ(î�ê1ÿ�è
3. 4 ú"ü1ú�ê�õ(ì	ý�ú¯ñ ê�ô-ç°üù�õ(çZô-ñ�øaô�ñjü1ñ7÷�ù�ý�úED�é-î�ü1þ1ø}õ	ï�ê´æéý�öLþ#õ(ñ(í#ï,øaé�æþmû�ó�í�ú#÷�ñ�çKý�ú�÷�öið�òÑù1æú�F�ïhø0÷(ê�ÿ�ôïõ	ï�è;æñ(í�öLú��(ò�èUü1ñ�ý�ì7õ	ïhè��8é�æþHü1ñ	ý�ì7õ(ñIè;ð�û�í���çZè�õ(ú�û*/HGI�J�>$
4. 4 éK��é�í�é�ð�õ	ï,í�ö�ô1õIöiðù´õ(ú#ûÐüú�ê#õ�ì	ý�ú#û"öiðé�ê�ú�æú�öLú�	�ê¯ô�ñ�÷�ñ ê�öiðì(è*÷�í�é-ü-ü1ì(è&õ�öLè�é�æéöºõ	ò�ô�ñIöLè&õ(ú�û]æ�é�í�þ�ê�õ(ú�èñ�í�ñXû�ê�ï1õIöiðú�	³ì�í�÷�ú#û³þ�æç�è]é�û1õ(ìIè]ó�þ1î�ï�ðé#ê ô�ñ8B�ñA��ç�í�ö�ô1õ(þ»õIñ5	"��ú�èE�H�Gé-í�é D�ú ð�û�í�þ�è¯ðL% ù,% ø�MAN�N#N#$Yðé1ö

ôO�#ú�ý�ö�ù�ô�õ	ï-ðé�êÂô1õ�úµðñ�ë0ù1ý�éöLú��µõ(ú#û³æé-í�þ�ê�õ(ú�è¯õ(ñ&	��#ú#û�è1%:�>B�é"�Lí�ñ�ôï é�æ�ú�õ(ñ	ý�ñ5�4ú¹é�í�ðñ7õ(ù üñX÷�ùý�ú�è
��í�þ�ê1ú�è;æú#ûHé1æé1öºõ(ñ5�1ï4ñ	æ"��ý#û�ô1ï�õ(ç�ê�ñ�B(öLô�ÿZô�ñ�ç�ê*õ(ú�û4ü1ú�ê�õ(ì	ý�ú#û,%

�Uñ°ó�ñIó�úü�ìXê�éGõ(éGæé-í�é�æù�ê�ç°ø�ôõ(ú&æ�é�í�þ�êGñ�í�ñXû�ê�ïõIöiðþGì(í#÷�ú*æé-í�ú�ûô�öLù1ôõ	ï�ð�é�êGóP	�ú�óIû�ê�é�õ(þ#õ	ïõ(ñ(è1+
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ODFLOW n h)z�m�^�s;\�U1m�Vpb�[R{�U�Y�a/b�[JU$c�b6t�¬�y:{"U"`$[$j�l\�V�`$[�zU�{�t®Y�U�X.{"`�[ q b6[¯{"[�b�]�m�XRV��QU"`�b']$b�U�X�U�{�t¯b�y°g�b�]�w$m<y±b�[<c¯\�V�`�[�zAg�b6[W{�[�b']�m�X²¬¦b�y°g�b']"w$m<yb�y qV�v$V/z�wQV'`�y q V�{�X,^�]�\$V6X7U q b�[�cLc"|<`$[$^)[�`$a�U:Y�U�X%b�['\ g�c<\�b�V�v�V�g�b�l�U$¡�sH¡�X²m�t�b�y"b�U q¦³�´'µ<¶�·�¸"´�¹�º6¶"´ ©'»;b�y q Y�[$dxb/y q C.¼ b'V�v$V/c�b�U�d7[ q V6�QU"`Qb�]�b�U�XEU�{"t½b�X q |�X,U�g�b�]�g�V�X q ¬ b'[ {�]�jQ[ q b�[�cuc�{�[$g�b'`<}�m�U�b�[ q Y"U�X�b�y$\½c"|<`$U�c�v$XxY�lU$¡<s;¡�X�m�t�b�y�b�U¾b�y q Y�[$dxb�y q b�[�c¿{�[�b�U�m�[�z n T;UÀ|�V6|�[�m�aÁ\�UÀU$c�b�]ÂV�Y$b�X²m$l%w'y"Y"U�\¿U�{"tÂm�V/b�`�l%g�V�X q Y�U�X{�U"`$U�b�y%`�l%g"V6X q c�{�U�d²w�`$[<c�¬0b�y?~�X�~<v<X,[�¡<`$U�^�d,U"¬¢Y�U�X.b�y�\®c�ÃH[�m�V/b'`�d,U_b�y q Y�[$dxb�y q U�{�t_j�]�`�b�yÅÄQÆxÇ$È�È�È n h8b�yg�c�\�a�j�V�X,U"¬�aF¡�Xf\�V&~<V�v�b6X,g�b�[<{�[$dxy�g�lLY$c�`�d,s q b6[<c C
m�V¦|�[<Y�X²m�a q�n h)b't$jQ[ q b�y q ~�V�v�b6X7g�b�[<{"[$d¨y%g�y q l"b�U�\Ry%¬�t�g�[Rb�[|'c<\�U�b�t�¬%Y�U�v�z$b'V�`�y�{"`<[�g�a/¡�¡�X,g�y�b�s�\�m�VFb'`�y)m�aÁ\�s;\�{�[$g�[�b�l�b6s;\�{�[�c�|�X,U�Y�X \�[�z$\�b�U�X4m�V�b�U��6z�c�|�`$[�^)[�`<a�U�Y�U�X

{�[�b�U�m�[�zCY�U�X�t$j�XLy U�Y"`<X²~�l q U�\�U�{�U�`$]�g�b�U�g�yÉb6sk\CV�{�d�m�a�`$[�c q {�U"`�U�m�a�b'`<s;\ ³ g�b�]"w$m�V q ¬:g�c�\�b'V�v�V�g�b6a qU$¡<s;¡�X�m�t�b�y�b�U q » n ¼ X8m�V/b�`�y)m�aN\�V q {"[�g�t�b�y"b�V q {�[�c |�X,U�Y�X \�[�z<\�b�U�X)U�{�t£Y�U�X%{"`$[ q b�[:{�[�b�]�m�X)V�Y$b6X�m$l%w'y"Y�U<\LU�{�tb�U�c"^�X7g�b�]�m�VÁ\�U
|�V6|�[�m�aF\�U�c�|�`�[�m�V/b�`�l�g"V6s�\Êg�VB|QX7]"^)[�`<V q w�a�g�V�X q b�[�cE{�[<b�U�m�[�z ³ ~<v$a�{"VLË.d \�U�Y�U 3.3
» n ¼{�[�b�U�m�t q j�s�`<d7g�b�y�Y�V.g�VRÌ:bQm<l)m�U$b'U ³ streches

» n h�VrY�]"w�V�aN\�U�U�{�t:b�U bQm$l�m�U�b�U"¬)w�V6s0`�l%w'y�Y�VJm�X,U�g�b�U"w�V�`�lb6X�m<l b'[�c g�c<\<b6V�v$V�g�b�lÅU�¡�sÍ¡QX�m�t�b�y�b�U q b�yÎjQV6X�m�V�`<X \<lu{�V'`�d7[�|�[ ³ hkV�{$b�VQm"~$`<d,[�cÉÏuÐ
U�`�b6d,[�c"»Ñ{"[�cut�m�s q|�X7U"^)a�`$V�X%U�{�tRbQm$l�m�U:g"V0b�m<l�m�U n ��U$b�]Jb�y�w�V�`<X \�lL{"V6`<d,[�|�[ ³ÓÒ {"`$XZv<d,[�c�Ï Ò c$¡<[�z�g�b�[�c"»;w�V�s�`$V�dxb�U�X)m$y�|�VN\�XZY�t qg�c�\<b�V�v�V6g�b�l q U<¡�sH¡�X�m�t�b�y"b�U q {�[�cÔV�{�X¨b�`�a�{�V�X2b�y$\Õ{�v�l%`�yÖ|QX7U�Y�[<{$lÔb�y q V�{�XZY�[$X \�s�\$d,U q {"[�b�U�m�[�z×Y�U�Xc"|<`$[�^)[�`<a6U n ¼ X�g�b�]"w$m�V q \�V'`$[�zuw�V�s�`$[�z<\<b�U�X�t�b6X�m�V/b�U�~$]�v$v�['\<b�U�X ¡$`$U�m�m�XZY�]ØY�U�b�]um<l�Y�[ q b�[�c Y�]�w�VbQm<l)m�U�b�[ q�n �±U�\�U�{�U�`$]�g�b�U�g�y1b�[�c�{"[�b�U�m�[�zJg�b�[Jm�[Q\<b6a�v�[R^)U�df\$V�b�U�X�g�b�[.hkj�l)m�U 4.3.

4.4.3 Ù �)�)���)Ú����H��Û.������Ü����;��Ý�Û¢���%�)���������<�¼ X�c"|<`$U$c�v$XZY�a q X,|�X,t�b�y�b6V q b�[�c1c"|<`<[�^)[�`<a6U ³ m�V/b�U�^)[�`<XZY�t�b�y"b�U T
¬�U�{"[�w'y"Y�VFc�b�XxY�t�b�y�b�U

S
Y�U�X%V6X,|QXZY$l�U�{�t�|�[$g�y

Sy
»�w�V6s�`�l%w'y"Y"U�\At�b6XLm�V/b'U�~$]�v<v�['\<b�U�XRY"U$b�]?Þ�}k\�V q b�y q {"V6`<X,[$j6l q m�V6v$a/b�y q�n¢ß Y�b6X�m<l%w'y�Y�U�\@U�`<jQXZY�]°U�{�t¡�V6s4v�[�¡�XZY�]?|�V�|�["m�aN\�U"¬�|�V6|�[�m�aN\�Uà|�[<Y�X�m�U"g�b�XZY�}�\°U�\<b�v�l�g�V6s�\AY�U�XB~$X,~<v�XZ[�¡$`$U�^%XZY�a q U�\�U�^)[�`$a q Y�U�X²¬�g�b�yg�c�\�a�j�V�X,U"¬¢[$X&b�X�m�a q b�[�c q ~$V�v�b�XZg�b�[<{�[$X¨l%w'y�Y�U�\_a�b�g�XJ}pg�b6V�b�[m�['\<b�a�v�[
\�Ue{"`$[�g�V/¡'¡�d,Þ�V6X�t�g�[®b6[e|'c�\�U�b�tY�U�v�z�b6V'`$URb�y m�V�b'`�y�m�aÁ\<y£g�b�]"w$m$y1b�[�cRc�|�`$[�^�[�`<a6U1g"V0g�y�m�V6d,U�V6v$a/¡Qj�[�c1t<{�[�cRc�{$l%`<j�U�\�|�X,U"w�a6g�X�m�U£|�V6|�[�m�aÁ\�U
g�b']"w$m<y q�n �C|�X,U�Y$z�m�U�\�g�y�b�[�c T

~�`$a'w'y"Y�V¦\�U�V�d \�U�XkU�{�tiÄ6È�È:s q¢á$â È�È�È:ã 2ä · ¬�b�[�c S
U�{�t
Ä6È -9 s q.å"n È ×10-3Y�U�X�b�[<c

Sy 
U�{�t
Ä6È -3 s q È n Ä�æ n ¼ XHm�XZY"`$a q b�X�m�a q ¬�Y�U�X�¡�X7U b�U b�`<d,U�m�VF¡<a6w'y%¬�U<\�b�X,g�b6[$XZj�[�z�\�g�b�y$\B{�V6`$X7[$j�l�b�[�cç \�sCè)[�c
Y�U�X¦[<X&m�VF¡<]�v$V q g�b�['\E��]$b6sCè)[�c ³ {"V�`�X,[$j6l®{$y�¡<};\$» n �éj�sp`<XZY$lWY�U�b�U�\�[�m<l¯b�[�c T

Y�U�X�b�[�c
Sy^)U�df\�VFb�U�X�U�\<b6dZg�b�[$XZjQU1g�b6[�c q jQ]�`Qb�V q b6s�\�g"j�y�m�]$b6s;\ 4.4

Y�U�X
4.5.

4.5 ê�ëkì�íHî%ïpð/ñrò�ó�ô4ð�î�õ4ò�ï4ö¢î�ð�ó
orq V��'sÍb6V�`<XZY�a q |�X,V/¡�a�`<g�V�X q w�V6s0`�[�z<\�b'U�X?[$X°{�[$g�t�b�y�b6V q \�V�`�[�zÀ{"[�c÷|�X7U�Y�X \�[�z<\�b�U�X ³ V6XZg�]$¡<['\<b�U�X°lU�^)U�X²`$[�z�\<b�U�XZ»¢{"`$[ q b6X q Y<c�ÃHV6v<d7|�V q b�[�c2m�[Q\<b6a�v$[�ciU�{�t�b6[�V�Y$b�t q b�y q {�V6`<X,[$j�l q m�V6v$a/b�y q {�V'`<X²~$]�v<v�['\�Y�U�XU�\<b6d7g�b'`$[�^)U n�Ò c�b�a q |�X,U�Y"`�df\�['\<b�U�X�g�Vp{�aN\�b�VpY�U$b�y�¡�[�`<d7V q Æ
1. Ò {�[$v�l�ÃÍV�X q ¡�X,Urz"|<`<V/c�g�y
2. Ò {�[$v�l�ÃÍV�X q ¡�X,U1]�`$|�VFc"g�y
3. ß {�U�\�U�^)t�`�b�XZg�y m�a�g�sEY�U�b�V�d,g"|'c�g�y q U$bQm�[$g�^)U�X²`�XZY�}�\rY�U�b�U�Y"`�y)m�\�XZg�m�]�b6s;\
4. ß {�U�\�U�^)t�`�b�XZg�y m�a�g�sEY�U�b�V�d,g"|'c�g�y q V�{�X,^)U�\�V�X,U�Y�}�\¢\�V�`<};\
5. ß Y�^)t�`�b6X,g�y�b�[<crc"|<`$[�^�[�`$a�U:m�a6g�sE{$y"¡�}�\
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¯�´�¯�¼�·%¾�½1¯�¾%®�¶�¨�¬pª�·h¾%® ¬k·#»�³1Äc¨�¬ ·#³1¨�¶ÅC§ ¸«�¼$�»¾'¿J¯�®4±�²k¸«¹#¶´�ÂT·h®9¨ ¶�Ã «$´�©�®B¯�¼�¹�¯�®

Q(t ,i, j) = a(i, j)exp[b(i, j)P(t-s, i, j)] (7)�»�«�´
Q(t, i, j)

·#½Æ¬�¨ ³�®�·#³1¯�¸«�Åv¾'«Cª�Å ¬ ¨
t (m3/dÇ ¯�¾%® ¬B¶�´�ÂT·%Ã�½"À�¨�°�¾%®�°�µ�¸ ¨�ª�ªÅ�°

i
¶�¨�³�¾%®�°)¯�¾%Å�Ã$®�°

j, a(i, j)¶�¨�³
b(i, j Ç ·�½ ¬�¨�³J»�¨�¸È�ª ·%¾�¸«�³hµ$³"¨t¾#®7¯ ´ µ$¶�·%¶�¸�³Kª�¹>¬�®w¶�´�ÂT·#Ã½"À�¨�º

s
®w´�¯ ¾�¹'¸$®�¯�®w¾%®�°B·#³"¯�¸«�Å�°9¿�°p»�¸« °p¾%®

§ ¸«¼$�»¾�¿�¯�®p¶�¨�³
P(t-s, i, j Ç ®C§�¸«�¼��» ¾'¿h¯�®B¾'«Bª�Å ¬ ¨

t-s (mmÉ ªÅ ¬�¨ Ç ¯�¾%®;¶´�Âh·%Ã½"À$¨p¾%®�°Tµ�¸¨�ª�ªÅ�°
i
¶�¨�³�¾#®�°

¯�¾#Å�Ã�®�°
j
±�Ê�³�¶�´�Â/·�Ã�½"À�·�°/¾'«$´9«�¸�½1«�´B¼�¿�¸�½"¯�¾%®�¶�¨�¬p¯�·�¾'¸·#³"°�«�ª�È�À�·'°'±$Ë�·%¶¾'½Kª®�¯�®9¾'¿2¬H»�¨�¸¨�ª�¹b¾�¸¿2¬D¹bµ�³ ¬ ·Jµ�³"¨

ª ³"¨Cª��¬�«9«�ª�È�À$¨CÌ`«�ª�È�À�¨NÍ Ç ¶�¨�³c«�³c·%³"¯�¸�«�¹�°J¾�¿3¬9È�ÃÃ¿4¬;«�ª�È�À�¿4¬;Ì¦ÎB¶�¨ ³cÏ Ç ·#¶¾�³=ª Á3¬�¾'¨ ³4ª�¹#¯�¿Lª³"¨�°)·%´�©$·�½"¨�°
µ�¸ ¨�ª�ª�³�¶Å�°/»�¨�Ã³ ¬ À�¸�ª�®�¯�®�°

Qk(t, i, j) = Ð (k)Q1(t, i, j) + Ñ (k) (8)
�»�«�´G«oÀ�·%½�¶¾%®�°

k
ÌÓÒ�Í�ºTÎ�ºhÏ Ç À�·%½1¼#¬·�³T¾%®�¬w«�ª�È�À$¨S±2Ô�³1¨N¾'«�´�°CªÅ¬�·�°pÕQ»�¸�½�Ã³1«o¿J°9Ö4·%»¾'¹�ª�§¸�³"«�ºh·�Äc¯�«�¬l®

§ ¸«¼$�»¾�¿�¯�®BÀ�·>¬H×�·#»�·�¸�¬�«$Ø�¯�·h¾'¨DÙ�Ú^ÛpÛ9º ©�·'¿�¸$ÅS©�®�¶�·jª®�À$·>¬ ³?¶ ÅB·�³�¯�¸«�Å�±
Ö2·C$¾�³)¨�Äc«�¸Èl¾�³"°9·#¶�¸«¹�°9¨�»�t¾'«w§«�¸·%³"¨�¬�¨¾�«Ã³�¶�e�¸�³1«NÌÓ»�¸« °p¾'«tÜo¨�Ã�³"¨ ¶�NÝQÃ�»�« Ç º�§ ¸�¹'©�®�¶�·v$¾�³Wª�³"¨
·b´�©$·#½"¨Qµ¸¨�ª�ª ³�¶Å�°/»�¨�Ã³ ¬�À�¸ �ª�®�¯�®�°3¾%®�°�ª�«�¸�Ä�Å�°

Q(t, i, j) = a(i, j) + b(i, j)P(t-s, i, j) (9)ª�·�»�¨�¸¨�ª�¹%¾�¸«$´�°
a(i, j Ç ¶�¨�³ b(i, j Ç ºSÀ�½Æ¬ ·#³S¾%®�¬X»�³"«;³�¶�¨�¬�«�»�«�³?®�¾�³�¶Ål¨$¬�¨ »�¨�¸È�¯�¾'¨�¯�®*¾�¿3¬C·%¶�¸«Á3¬�±�²QÈ�Ã³"º�µ�³"¨

¾'«�´�°pª�Å�¬·'°WÕQ»�¸�½1Ã³�«s¿�°�Ö2·%»¾�¹�ª�§ ¸�³1«�º4·'Ä��¯�«�¬v®G§ ¸«¼�»¾'¿h¯�®NÀ�·>¬�×�·%»�·'¸�¬ «$Ø�¯�·H¾'¨tÙ�ÚÞÛpÛBº/©�·�¿�¸$Å�©�®�¶�·
ª�®�À$·:¬³�¶Å9·#¶�¸«�Å�±
Ë]¾'·#Ã·%´ ¾'¨ ½"¨l«�¸�³"¨ ¶ÅN¯�´�¬�©'Å�¶®e»�«$´e¹%»�¸�·#»�·�¬ ¨wª�«�¬�¾�·#Ã«�»�«³?®S©�·%½h¨�Äc«�¸Èl¯�¾#®¬t·#»�³?¶�«�³ ¬ ¿3¬�½"¨s´�À�¸« Äc«�¸�¹'¨*ß
»�«�¾'¨�ª�«�ØS±�ÖS¾%® ¬p»�·'¸�½�»¾�¿�¯�®*¨�´ ¾%Å�º ¾�«p¼$¸ «�¬³�¶�ÈCª�·b¾'¨�§¨ ÃÃ �ª�·>¬�«;ª ¹bµ�·'©�« °J»�«�´C©�¨p»�¸ ¹%»�·%³�¬�¨9¯�´�¯�¼�·%¾�³1¯�¾�·#½�ª�·
¾%®*§ ¸« ¼��»¾'¿J¯�®CÌ`¯�·

mmÉ ªÅ ¬�¨ Ç º�·�½ ¬�¨�³�®C¯�¾'È�©ª�®
h(t, i, j Ç Ì`¯�· mÇ ¯�¾%® ¬B¨�¸�¼'ÅX¶�¨�³�¾'«H¾'¹�Ã�«�°h¶�È�©�·�¾�ªÅSª�¨ ¾'« °

¾'«�´D»�«�¾'¨�ª�«$ØS±�àj¸¹�©�®�¶�·jª ³"¨p¯�¼�¹�¯�®p¾b®�°Jª�«�¸Ä�Å�°

h(t, i, j) = a(i, j) + ∑
k = 0

 k = s
 b(i, j, k)P(t-k, i, j) (10)

�»�«�´
a(i, j Ç ¶�¨�³ b(i, j, kÇ »�¨�¸È�ª�·:¾�¸«³`±�áH¬�¨wÀ�·bØ¾�·'¸�«wª�¹bµ$·�©�« °p»�«$´o´�»�·%³"¯�¹�¸�¼�·b¾�¨�³)·#½ ¬�¨�³j«N¯�´�¬�¾�·�Ã·#¯�¾#Å�°

¨µ�¿3µ�³=ª��¾#®�¾'¨�°XÌ
conductanceÇ Ì`¯�·

m2/dÇ «G«�»�«½"« °C©$·�¿�¸�ÅS©'®�¶�·��»�¿�°X¨ ¶�¸³K§�Á�°;¶�¨�³W¯�¾b®5§¨�©ª�«�¬ �ª®�¯�®�â
ª�®�À$·:¬³�¶� °*µ$³"¨^¾'«$´�°NªÅ ¬�·�°sã¦«�Ø¬³"«L¿�°�Ö2·%»¾�¹�ª�§ ¸�³"« ºQ«�»��¾'·wÀ�³"¨ ¶��»¾'·b¾'¨�³�®�·%»�³�¶�«³ ¬ ¿2¬½"¨L´�À�¸«Äc«�¸¹'¨Oß
»�«�¾'¨�ª�«�ØBµ$³1¨XÃ ¨D¾'¨p¾�ªÅSª�¨¾'¨�º�ÌÓ»�Ã�®�¬H¾�«�´;»�Ã¹�«�¬D¶�¨¾'È�¬�¾%®C¯�¾'«p«�»�«½"«H®C·#»�³�¶�«³ ¬�¿2¬½"¨XÀ�·:¬BÀ$³"¨ ¶��»¾�·%¾'¨�³ Ç ± Ê�³¾�³=ª�¹'°2¾'¿2¬Q»�¨�¸¨�ª�¹:¾�¸¿2¬�µ�³1¨H¾�³"°h·�×�³�¯�ÁJ¯�·#³"°/¾'¿2¬D«�¸�³"¨ ¶�Á4¬p¯�´�¬�©�®�¶�Á2¬DÌ¦ä Ç ¿J°JÌ�å Ç Äc¨�½ ¬ «�¬�¾'¨�³�¯ ¾'«$¬k²W½Æ¬�¨ ¶�¨ 5.1·>¬ Áo¨�¬�¾#½"¯ ¾�«³�¼$¨D«³�»�¨�¸È�ª�·b¾�¸�«³�¾%®�°T·�×'½1¯�¿h¯�®�°hÌ#Í�Ú Ç Äc¨�½ ¬�«�¬�¾'¨�³�¯�¾'«�¬Q²Q½ ¬�¨�¶�¨ 5.2.

²�½Æ¬�¨ ¶�¨�°
5.1

â$²k¨�¸È�ª�·b¾�¸« ³�ª�«�¬�¾�·#Ã«�»�«½æ®�¯�®�°T« ¸�³"¨�¶�Á4¬H¯�´�¬�©�®�¶�Á2¬HÌ`·'×'³1¯�Á�¯�·#³"°hä�º�çj¶�¨ ³�å Ç ±è ×�½1¯�¿�¯�® ²k¨�¸È�ª�·b¾�¸« ³
é ¯�¾'¹�¸$®�¯�®

 s   a  b Ð Ñ
Ì�ä Ç «�ª�È�À�¨sÍ

3 2725.3 0.0056Ì	ç Ç «�ª�È�À�¨DÎ
3 0.4653 0.0Ì	ç Ç «�ª�È�À�¨pÏ
3 0.6269 0.0

(9) 0 -195.0 -6.632
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ê�ëÆì�í î�í�ï
5.2 ð êkí�ñò�ó�ôbõ�ñö ÷�ó�ö�ì�õ�ô#øö�ù�öëæú�û�ú�ïTö ñ�÷"í�î�ü4ìHû�ý�ì�þ�ú�î�ü2ìHÿ`ô��'ë1û���û�ú����	�cÿ

s = 1)
 i, j b( I, j, k), k = a(i , j)

1 0
10,4 0.0002 0.00133 0.10128
13,32 0.00018 0.00108 0.1074
22,41 0.00038 0.00035 0.03985
36,52 0.00022 0.00108 0.04993
56,69 0.00029 0.00169 0.04606
63,75 0.00027 0.00149 0.08655
69,93 0.00062 0.0034 0.12554

5.3 
������������������������� �"!#�$�%�&��'(����)���*����+-,/.0����+-1%�(,2�
5.3.1 3&465�798(:; ù=<>< û�ílô%îõ�?�þ�ú�î�í�ìsû�õ'ísî�ô�@cò ø í�÷"íBAsî�í ÷�C�ÿ9��ïQõ�ü�ñí=�Wþ�íoó ù�ö�ñ�öED�û�ôpî�í$ì�ô%ë"ïWì ísý�ù�ö�þE?�û�ô#÷<�õ�÷hí�ñ�î�ô#ë/ú
ô%ù�÷1ø öGFIHtô>ì%< ï�ù�í î=?%õ'ö$ývù�ñ öGF�ñí�ó�ó�òõ��2ì;õ%ú�ï�í	F�ö ñ ò�ïQó�ôköùõ�÷�î�ö�ù�ö÷æúSó=?>ìöXù�ñö û�í�ñ�ó�ö û�õ#÷�î=<KJ$ñGH�û�õ%útù�ö$ýCì�í
õ�ñ	?6J�ô#÷�õ'öoî�ø í�û�û�÷�î=<wù�ñL<EFñí�ó�ó�í

MODFLOW
õ'ö�ý

USGSM êkñ òLFó�íõ�÷ , ô���ô:õ'ò�û�õ%ú�î�í$ì  
õ'í

 
ù�í�î=?bõ'í

 GMS
(Groundwater Modeling System) (U.S. Department of Defense, 1998) 

î�í�÷
 Visual Modflow (Waterloo

Hydrogeologic Inc., 1999a, b). 
; ù�ö%N�ô%ëOJ'õ%ú�î�ôP<�õ'÷Tõ�íeù�í î=?bõ'íoí ý õ'òQN$ô>ìlù�ñ�ö ûR@"?�ñö�ì�õ'í�÷SF�÷"íeõ'ö�ìoó�ôTF�ò�øö

í�ñ�÷KþóU< ù�ñ ö û�ö�ó�ö÷�ü�û�ô��2ì ù�ö�ý í�ù�í�÷?õ'ô%ëwú ó�ô�þ�ö%N�ö�ø öGF$ë"í¢õ%ú�ï!û�õ'ö	J$í�û�õ'÷?î	H�ï!ù�ñöû�ö�ó�öëO��û�ú�ï8î�í�þE<û�ö�ì
í ù�í�÷æõ�öED�ìVJ$ñö�ì�ö=WL<�ñíXJ�ô�÷"ñ ö�î ëÆì�ú�õ%úYN�÷"í=N$÷�î�í�û�ë1í+ô#÷1û�í%FG�F�H�ïsõ��2ì!ó�ôTF�ô'þ$ü3ì�ù�ö$ý!í�@Sö ñ öED�ì�û�õ�÷"ïNö�ñ�÷"í î�?�ï
û�ý�ì�þZH�î�ô'ï M ; ù=<põ%ú ì;ò�ø�ø�ú"[R<�ó%��ï\[�ù�ø ô:ý�ñòXõ'íCù�í î=?:õ�ívíý�õ'òCô#ë ì�í�÷c÷]N$÷1í�ë?õ�ô'ñí*ôTD=J�ñ�ú�û�õ'íCû�ô-<�õ�÷4í�@Sö�ñòvû�õ%ú ì
ô#÷"û�íLFG�FIHpõ��4ìHû�õ'íõ#÷�î�ü2ì^N�ô�N�ö�óU?>ì%�2ìkî�í ÷ õ#ú ìkö�ùõ�÷�î�ö�ù�öëæú�û úpõ��3ì�õ�ô�ø�÷�î�ü2ìHí�ù�ö�õ'ô%ø ô#ûSó�òõ��3ì M_ ÷Pù�í�ñí ù�ò�ìU�`N$÷1í�ù�÷1û�õ�ü�û�ô�÷"ï ó�í�ï ö%N�H�F�ú�û�í�ì ì í ù�ñ ö�õ�ô#ë ì ö�ý�ó ôaN$÷1í�N$÷?î�í�û�ë"í û�ô#÷Kñ�÷1í�î	H�ï ô�@cí�ñ�ó�öGFIH�ï
ù�ô'ñ�÷"û�ûb<�õ�ô�ñL�3ìHí ù=<�?>ì�íHù�ñ�öEFñí�ó�ó�òõ��3ìQù�ö$ýHù�ô�ñ�÷�ø í�ó�W ò$ì ô#÷�ö�îõ�ücWGHSó�íõ'í ð
1. d ÷"û�í	FE�(FZHGõ��4ìNû�õ'íõ�÷�î�ü3ìeN$ô�N�ö�óU?	ìU�2ìwÿfJ�ñö�ì÷�î�ò7í�ó�ôbõ'ò�Wø�ú�õ��2ì%�pó%?'û���õ'ö$ýGù�í î=?%õ'ö$ý

GMS
ù�ö$ý7ô%ëOJ$ô

J$ñ$ú�û�÷=ó�ö�ù�ö÷æúSþ�ô%ë�î�í�÷�û�õ%úCó�ô#ø	?%õbúpõ'ö$ý�gQê d/h^i-jd ÿ9k=�%�%� íU�
2. d ù�÷1ø öEFZHDõ'ö�ýký�N�ñö�ø öEF$÷?î�öEDpû�ô	ì�í�ñ�ë"ö�ý
3. 

êQí�ñí%FE�(FIHDõ��3ìkû�ý�ì�þ�ô%õ�÷�î�ü3ì�J�ñö�ì ö û�ô#÷Kñü2ìlW ñöLJG<�ùõ��Jû�ú�ïJó=?#ûb�lõ'ö�ýDù�ñ�öEF�ñ ò�ó�ó�íõ'ö ï�m ;on�p2;&qors;
4. 

mkíõ'ò�ñ$õ#÷"û�úDõ'ö�ýtN�÷"íUJ�ô#÷"ñ÷�û�õ�÷�î�öGDDû�ô	ì�í�ñ�ë"ö$ý
5. 

êkñö ô%õ'ö÷=ó�í�û�ë"í]õ��2ìuN�ô�N�ö�ó=?	ìU�4ìvF$÷"íw<�ø ô�ïOõ�÷"ïxJ$ñ ö�ì÷�î�ò ó�ôbõ'íbWí�ø�ø%<�ó�ô	ì�ô�ïLö�ñ�÷"í î=?'ïLû ý�ì�þZH�î�ô'ïxî�í�÷
ôyFZF�ñí=@RHpõ'ö$ý�ïhû�ô�í�ñLJ�ô�ë1í

MODFLOW
óU?#ûR�eî�í õ'ò øø�ú�ø ö�ýDøöEF�÷�ûSó ÷�î�öGD

6. 
p ñL?���÷=ó�ö�õ�ö�ý

MODFLOW
��ïJó�ô�ó�ö�ìU��óU?>ì ö�ýHù�ñöEFñò�ó�ó�í õ'ö ï

7. 
; ì�ò îõ%ú�û�úpõ��3ìkí ù�ö�õ'ô%ø ô#ûSó�ò õ��4ìDí ù=<Hí�ñLJ�ô#ë"íkõ�ö�ý

MODFLOW
óU?#ûR�eî�íõ'ò øø�ú�ø�ö$ýDøöEF�÷�ûSó�÷?î�öGD

8. 
_ ùõ�÷�î�ö�ù�öë?ú�û�úpõ��3ìHí ù�ö�õ�ô#øô�ûSó�òõ��4ìBóU?#ûR�tõ'ö�ý

GMS
î�í�÷�õ'ö$ý

MS-Exceln ô*<$õ�÷�í=@cö�ñòHõ'öHù�ñ	<GFñí�ó�ó�í
MODFLOW

í�ø�ø òpî�í�÷�õ�öDû�J�ô%õ#÷�î=<Hù�í î=?%õ'ö
GMS

û�ô
MS-WINDOWS

?\F$÷Æì ô
ô%îõ'ô%õ'í�ó=?	ì�úXí$ì�í=@cö�ñòpû�ô�<�õ�÷�í�@Sö ñ òBû�õ%úXû�ý�ó�ó=<�ñ	@z��ûUH9õ'ö$ý�ï�ó�ôJõ%ú ìBí$ì�ò�ø$ý�û�úCí ù�í�÷?õ\H�û�ô6�3ìpÿsmkô�@cò ø í�÷"ölk%� Mp ö�ù�ñ	<GF�ñ í�ó�ó�í{m ;-n�p2;oq-rs; ô���ôbõ'ò�|%ôbõ'í�÷Bû�ôc�'ô6JI��ñ�÷1û�õ�<^õ�ôTD=J$ö ïNÿ d ý�û�õ�ñí õ#÷1ò�N�ú�ïeî�í�÷tmkö$ý�õ�û�öEF$÷1ò�ì�ì�ú�ï\[
k=�%�%�	� M p íBWGHSó�íõ'í�C;î�í�÷(}Cÿ¦í�ø�ø ò*î�í�÷�õ�ö�~	��í ù�í�÷æõ'öED�ìXõ#úìCî�íõ�ò�ñ$õ�÷1û�úvìU?�ö$ýsô���ô#÷ON$÷�î�ô:ý�óU?	ì�ö�ý�ø öEF$÷"û�ó ÷�î�öED
î�í�þE< û�ö�ì;í�ý õ�<�N$ô>ìDý�ù�ò�ñLJ�ô#÷cû�õ%ú ì9í	F�ö�ñò M n õ%úvû�ý�ì	?�J�ô#÷"í9õ'ö$ýBý�ù�ö�î�ô�@Sí�ø í ë"ö�ý�[�ù�ô'ñ�÷�F�ñ ò=@cö�ì�õ�í�÷cû ý�ì�ö�ùõ#÷�î�ò;ú
í�ì�ò�ø$ý�û�úví ù�í�÷æõ\H�û�ô��2ìU[�öpû�J$ô�N�÷"í�û�ó=< ï�î�í�÷�úXý�ø ö�ù�öë?ú�û�úXõ'ö$ýX÷]N$÷"í ë?õ'ô�ñíXô��'ô�÷ON$÷�î�ôbý�ó=?	ì�ö$ýCíýõ'öEDXø öGF$÷1û�ó�÷�î�öED
ù�ö�ýBí�ì�í=@z?'ñôbõ'í�÷=��ïS��ô%ù�÷OJ�ô�÷Kñ$ú�û�÷1í�î=<Wù�í î=?bõ�ö%� M
5.3.2 3&465�798��G�^�z�S�27f�%����4E7��
(1) �S���=�Z���o���%���"�=�E�����U�*�f���y�%�6�����-�6�=  ¡R��  �"�U�U ¢�U£	¤^�%�U£E�y�T�l¥L� ¦L�� ��T�%���z����§U�E���L�9�2  ¨��G¦�¦U�	� DOS.
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(2) ©Sªo«=¬Z�®¯±°%²´³"µ=¶E°PT·%¬^¸f¹�ºy·%¬6»��·¯¼%«%½L¸yT·K¾L«#¼\¹"¸6¼Lª�¿"²I«´À�¼%·\¹"ª�Áz²G«tÂLª�¿��·%¬±¹�ºT®=¶Eª�¿UÀ"ª&¸\²G«´À"¸f¹�·%Ã��°UÃ
¬G¼%·�ÂU·%º6¿¢¶ET¿�½	®UÃ�¿¢¶±ÄzÅG·%Ãª\²IÆ%Ã½%·U¿Ç²I·UÅ�¼\¹z·%¶	È�¼=¿�½%·%Å�É*ÊTË=Ì

(3) Í�·�¼%«U½L¸y�·^¬G¼ ·�Â%·%º\ÁÇÎyª�¿ »Rº6¿¢«^½%µ�¾GªS½%¬	Ïzª�ÂUÁÇÐL«^�·%¬*½%«U²I²Iµ�Ñ2·%¬\»b½	«R¿	½%µb¾Gª�Àz®	²G«E»��°	²*½%«%�ª�Á¢¶EÐL¬I¶L°%Ì
(4) Í�·t¼%«%½L¸yT·t¬G¼%·�Â%·UºyÁÇÎyª�¿ »�º6¿¢«�½%µ�¾Gª ½	¬	Ïzª�Â=ÁÇÐE«P�·U¬�·\¹�Á¢·%¬-T·%¬-½%«=²Z²Gµ6Ñ�·%¬^Æ%¼%·%¬^¬G¼%µ�¹ZÄz·U¬Z²^¼L°UºyµUÐ%¿¢«E»�½%«�¿

½%µb¾Gª�Àz®%²G«E»��°	²*ª�¿¢¶y¹�·L®l¼\¹�·%Ã ÒO®�±°%²*ªy½\¹�·L®l«=¼%Æ±Ó�T·^¼Lª\Ð	Á¢·S¹�·L®UÃyÌ
(5) Í�·^¼%«%½L¸yT·-ª6ºyºÔ¹�µ�³�ª�¿=Æ�Â «^T«´¬G¼	·�Â%·%º6¿¢¶6À"¸\²G« À"ª6º�¸�¾E°o�È ²&·\¹�¿¢«%½	Õ ²&¶	¬I²G¾G°	½	Õ ²-º\¿¢«l½	µb¾GªS½%¬	Ïzª�Â�Á�ÐE«lT·%¬

½%«=²Z²Gµ�Ñ�·%¬6»�½%«b¿%½%µ�¾Gª2À"®%²I«L»R¶Eª�«�¹ZÄRª�Á¢« À"ª format ª�¿¢¶	Æ	ÐL·%¬ �·	¬ MODFLOW.

(6) Í�·B¼%«%½L¸yT·>]¹"¸OÄRª�¿(�· MODFLOW ¶Eª DOS À"ª´T«Ö¼%«�¹�«�¼%µU²GÈu«�¹ZÄ"ª�ÁÇ«=Ì�×(Â%«�T«Ö¬G¼%Æ�ÂU·=¿¢¼%«Ö«�¹ZÄ"ª�Á¢«
ª�¿¢¶	Æ	ÐL·%¬*ª�Á�²G«b¿=«ZÀ"ªyTµ�Ñ=Â%°	�«^½%«�¿%¸OÄz·U¬Z²�¼\¹�·LªyT·U¿ À�«�¶E±ª�ÁZÀ"ªª6¼	ª6Ø\ªf¹�ºy«=¶E�®�½Eª�¿ À"¸\²I·%¬�Ò text editor).

5.3.3 ÙtÚÛ�ÜfÝ%ÞSß�àIÜ±á-ß2à^â"àEâzã"ä�å�æRÛç�è&éUê=ë´ìUí\î%ï\ð\ñ´ê=ò%ó=ï\ð�è^ôEò^ê�õLï6ê=í6öE÷Uò´øEï6ùIíyð�òUö%ð�ò´ò%ó=ë	î%èGébôEò´øEí�øEè=ìUï�÷Uò"ú
(7) ÍR¿¢Ãû¶	¬I²E¾Gªyy¿�½L¸6ÃPÄE¹�·	²G·%¶Eª�¿ ¹"¸6ÃüÑ%¹z·�Ä�Æ%¼LTÈ�¶L°UÃcº\¿¢«ýT·	²Öþ�²GÈ�»KT·0ÿB¸6¶	·ý½%«b¿´T·	²��&µ%TÈ��S·%¬0T·%¬� ·=¿¢È*T¿�½%·%Å���°%³�¿¢¶	·%ÅIÌ
(8) Í�· ¼\¹�Æ%ºÔ¹�«IÀ%À�«e«�¼%·�Â	®RÏzª6È*²>«=¼%Æ�y¿¢ÃPº�ª6È*]¹z®U¶Eª�¿¢Ãt�°UÃ¯¼	ªf¹2¿Ç·�Äz®UÃoÀ"ª�Â	¸y�°UÃ¯¼Lªf¹2¿ Â%«IÀLÑ�«U²I·�À"¸\²GÈ ²üTÈ ²

º�ª6È O¹z®U¶Eª6È ² � «=¶U¿ Â=¿�½	Õ ²��	�t«�¹�·\¹�Á¢·%¬ZÌ
5.3.4 ÙtÚSÛ2ÜfÝ%Þ�ß2àGÜ�á-ß2à�à�
%Û���"ä�à6æRÛ��ð�è-ð�ï6î%è��(ó���ôGí�ó��UóUî	èEélê�õ	è��bè=ìUè������Uñ����Gð�èoê=ò%ó=ï\ð�è�ôEò´ø�� ÷	í�ö%ð�ò´ò%ó�ëLî%èGébôEò´í! Zò�"Eë=ì=í�÷Uòzú
(9) Í=°^ÐL¿¢«U½	ÅTÀ�«=²I¶L°�±°=ÃzÀz°U²G¿¢«bÁ¢«=Ã�«=¼U·\¹L¹ ·L®UÃ(TÈ ² ¼	°=º�Õ�²*ªy½	³RÆ\¹"\¿¢¶E°UÃ�·%¬&³R¬G¶%¿�½%·%Å�¶	¬G¶E�®ZÀ�«%T·%ÃyÌ
 (10) Í=°(ÄzÈ/¹�·�ÄL¹�·	²E¿�½L®^ÐL¿¢«U½%Å�À�«=²I¶L°��·%¬�¼=¿�ª\Î6·�À"ªy]¹2¿�½%·%Å�³"·\¹RyÁ¢·%¬IÌ
(11) ©�¬I²G«�¾T¹�·=¿¢¶6À"¸\²G«�¶E�·-ÄL¹�ÆL²I·tÀ"ª6º�¸�¾E°�TÈ*²¯¼%«�¹�«�¼%µU²GÈVÀ"ª��°�À�·\¹�³b®>¬IÐL«%y¿�½	·UÅK¿¢¶	·	Î6¬Gº6Á¢·%¬¯º6¿¢«BÆ�Â	°#�°

Ð%¿¢µ�¹"½Lª�¿¢«´¼\¹�·%¶	·�À�·UÁ¢È�¶E°=ÃyÌ
5.3.5 #%$'&RàGÜ9Ýbã�(*)+��Ü-,(åEáoÛzÚÛ2ÜfÝ%Þ�ß2àGÜ�á
 (12) .QÄL¹�Æ	²I·%Ã�ªy½L�¸�ÂLª6¶L°UÃ�TÈ ²¯«�¹2¿¢¾\À�°	T¿�½	Õ ²¯¬G¼%·�ÂU·%º6¿¢¶6ÀzÕ ²�ªy²GÆ%Ã^½%Å�½�ÂU·%¬K¼\¹�·%¶	·�À�·UÁ¢È�¶E°UÃlÐ%¿¢µ�¹"½Lª�¿Ç«�Ã0/�1

ªyTÕ ²&¾L«´¼%«�¹�«ZÀ"¸\²Zª�¿�Äz«IÀz°ZÂUÆ%Ã*ÒO�°UÃ(Tµ=Ø6°=Ã(T·%¬Â	ª6¼L�·UÅ*�°=ÃÕ/¹�«�Ã�ÓEÌ
 (13) É ªy½L±¸�Â	ª6¶L°0T·%¬c¼\¹�·%ºs¹zµIÀ%À�«%T·%ÃÖ¾L«ýº6ÁÇ²�ªTT«b¿l¶EªüÀ�·6¹z³b®%2�3�46587 È�ÃüÀ"ª À�·L²GÈ(À"¸\²I·U¬VÒ:9;463�<�=%3�>�?�<A@ÔÓ

¬G¼%·�ÂU·%º6¿¢¶ET¿�½%·%Å�¼U«%½L¸y�·U¬ZÌ

5.4 BDCFE�GIH!JLKLMLNIODP	JQHSRQT�UWVXUIY[Z\K]Z�/í�í!^�òbõUìUè�"8_¯ð!��÷tê=ò�õ	òUê��E÷A� ò%ê=òUöÇð�_+�Rí;�/÷��`��ùIí�øIö��A�=ð\ñ�ó�í&ï�÷Uò¯í6ó	ð�í\î	ï!�bösìUè�òbõLùZí!�Oè
mdfrun.exe

ê=èGé�ðZõLï6ùIí6ö
ìUíSð\ñ0�bí6öÔõ��oð�ò´ò%ó=ë	î%èGéRôGòlí6ó	ð�í\î%ï;�bösìUò´ò�õ	ùZí;�]ò"ú
1. mdfrch.exe

"Eö]ò�ð\ñ	÷�ê�õ%è	íyð�è	ösìUò��`�]ò^ð�èGé�ò�õEùGí;�OèEéDa�b
rch

ðc��÷^øEí�øEè=ìUï�÷��/÷^ó=ò	ð�í!�:�RøZé��Uñ���ð�èGéedgfLh\i�jFfLk
�bí�ó��bôIí�ùEõ	èZ÷%öÇó=ëml�_�ìUò^ó=òUö=ó���ôEí�í�÷%í�õ8"Lëoó	éAní\î��]øEò`�Uì=íol����Uñ´ð�ò´øGí�øEè=ìUï�÷Uòpl	õ	è	ùGë ê	ð!�]�=ñ��cb

2. mdfwel.exe
"Gö]ò ð\ñ	÷aê�õ	è%íyð�è%öÔì=ò��`�Oò ð�èGé ò�õLùIí;�]èGéqa�b

wel
ðc�/÷ øIí�øGè�ìUï�÷A�/÷ ð!��÷aê	ñA"Lò=øGö6r/÷ ð�èGé

dgfSh\i�jFf\k���í�ó��bôEí�ùIõ	èI÷	ö¢ó=ëml�_zìUò�ì=íol����=ñlð�ò´øGí�øEè=ìUï�÷%òpl	õ	è	ùGëLê	ð!�]�=ñ��cb
3. mdfriv.exe

"Gö]ò�ðyñ%÷�ê�õ	è	íyð�è	ösì=òA�`�]ò�ð�èEétò�õEùGí��]èEésa�b
riv
ðc��÷^øGí�øEè=ì=ï�÷A��÷^ê=èEé�òA^�èUõ	è��L÷t�=ð\ñ	÷´í\êUö¢ó=èLö ÷���÷��]ò

é�øEõ%è�^�èUõLï�ò^ó=òUö=ê=èEð�òRìUè��b
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4. ugvSw\x�yFv\z|{ }W~	}������A�:���`���m�!���m�����A�����A���c���W�!�W�t�c�!���`�]�+�;�*�t����{
5. mdflst.exe ���6�	���A�t���A���������A�m�c�W�����������������!�W�t�!�8�������A�����W�t�A���\�c�t���� ��;���p¡�{ lst �c��� MODFLOW.¢ �£�`�`�����`�����¤�`���������+�+�A���c�¥�A���������¦��c�+�����§�`�e�����]�`���£�`���������+�+�A���c�6�����¨ ANSI C �©���������£���+�������;�
�A���c��ª«�������¬[���� compiled�W�A�]®��:���D���S��®��6���¯�!�����e��°*�`���s�c�� ;¨��;���c�0�;���c¬����!������±+²% ����8�A���o�����c¬;���;�A���S�³�A���
��¨A�A�����p�`�����`�������:�]���������6�´¬³�A�s®����A ��!�µ���6�A�!�:���p�`�����+�����s�A�S ��������:����A����¶;�����c�'·!¸e¬����´������·!¸ 8���8�A�������µ��¬!�
�;�¹�A���`ºA¸ min.

5.5 »½¼I¾L¿*À;Á+Â´Ã�ÄIÅ�Æ]¾�ÂsÇtÄ�ÈW¿�ÄQÉ\ÊXÊLË�Ì�ÍÏÎ
5.5.1 Ð	Ñ�ÒÔÓ�Õ+ÖmÕ�×¢ �s�`���������+�`���DØeÙ�ÚÜÛ-ÝAÞÏ���A�A�����`ß�����������´�c��¬!���;���!�sugvSwXx�yIvLzà�c���+�!�	ª����¬!�X�����!�X�;�¹�A���*���W�A�����8���!�:�A¬!�
 ����8�����+�;�µ��¬!�pß����� ��������������c{�á«�6�§���`��� ������������;�����+±«����¬; ��;�F�������¥�A�����+�����������`�����c�'���`�������I�c����`�� ������Ô�
�;���`�A®����â�!���âugvSwXx�yFv\zã±��8��¬; ��!��c�ä�6®����%�c�%ugvLw\yWx�vLz ���`���]�g�`�A��c�¤�`���������+�+�A�å���A���A�+�������
���������;���!��A���!�W��{¢ �æØÙ�ÚÜÛ-Ý�Þç�����è�c�é�A�����`���������+�+�A�����ê�c���çØÙ�ÚÜÛìëcí`±sØeÙ�Úïî�ð�ñ�±sØÙ�ÚÜÛ³ò¯óé������ØeÙAÚ�ñµô�õ'¬; ������ç�A���6����¬³�A�!�
�`�������+���A�������A¬����c�ö���+�������`�!���ø÷ï®��!®����A¬[���ù�����ú®��³�ú�����A����¨��û�A�ü���������8�����ý�A���þ�c�8�ý ������A���ÿ���A�
���A��ª�¬c�������c�A���������¥�`���������A���6�]�A�'�c���g�������A���`��� ��¬³�A���£�`®�����ª��A��¬!�¥�c��� � ���6�I�!�:����¨��\��ª�:����¨{��L���;�µ�����c�
�A�����!�S���+�����6�`�!�6�ø÷Ü®��c®����A¬��A�s�A���A���`����¨`�����c�A�Ô���S�����´�A�A��ª��è�`�� ������Ô�0�+�X�A���������+���µ�A¬������`�]�c�`�!�¹�A������A¬��A���`�
�����c�����������`�c{
5.5.2 ����	 ×�
�Ó��`Ó����Õ+Ö��
� �����c�e®��!®�����¬³�A���`���m ���������¶!�������A�������\�A�e���;�¦�c���+�8�8���+�;���!�	�+���������+�`���`±��A���A���`�A��¨`�8���!�A�`�+�o¬³�A�m���³�������:���
�����c���������s���������A�Aª�¬c���ø���A�«�����Ô���������!õµí���Ú]Ù��!õ��mÚ�ò�ñ6ð8ô��F{ ¢ �s���������Ï�����c��¨´�����Ï�����c�A�����������A����¶;���c���*�A���
�c�8�' 8�����A�;� ��¬c�`�å��������A���!���e�c�Ô�§�`�����������`�A���c�W�+{Ôá«�����A� �A����ª��[�� ��8�!���!�§ 8�`���s��¬;�+�©���c���§�`���c���������
�����c�m�A���	�������A����8�Q���t�!�W�m�+�� ��!�:�*��±���� �A�ø�c�A�A�c�`�c� �A���������0�`�]�`¬³�����I�����������c�����������+�*�����	�;���X¨A���+���;�0�!�W�
���������W���`��¬;�������A�e¬; 8�;��A�!��� �������`�;���� ������������c{! I�������������	�8���t�����t�����c�`�����ø��������]®��������������c���������*�m�;� �A�A�
�c�D�`���������+�+�A�¥®�¬;���������³���c�����W�DØÙ�Ú-ÙAò¦Û�{ "#�!õ*�c�è���������D�`��¬����;���A�Ï�c��¬!���;�*�cª�A�����s���e�A���������Ï�!�$���#�;õµí���Ú
Ù%�!õ��oÚìò6ñ6ð8ô��F{�²L����¬³���!���A���������������������`���¹�A���'&
modflow:
( �����6¬; 8�����c��`�� ��;���m�����p���¹�A���+�A���`�����¦�����c�����6�t���\����¬;�c� ���X�c���mugvLw\x�yFvLz����`���]�����A�`�c�p�`�� ������p�!�8��®����
�c���{
rains:
( �����6¬; 8���I�����!�\�!���	�A���A�����;�¦�`¬!�mß����� 8�����!�]�`�;�������*���������c�\�`��¬;���;��A�¥�������A���+����¨��s�����Ï�c�;�������A�������c�����������
Û���ò¦ÞÔ·8{ õ*)�õÜ±FÛ���ò¯Þ�+�{ õ,)�õÜ±FÛ-��ò¦Þ��+{ õ,)Aõï±S{¦{¹{  W�A�:�A��¬;���A±I���!���6¬; ����]�c���+�s�������!�!���!�A�c¬c�p�����c�����+®c�`�����s�8�� 8�]���:���c�'����� ���
�����������m�c����.S���Q±��c���0/'¬!�������������c���1�����!� �����t�c��� � ���:�I�;�:����¨1�\��ª�������¨{
results:

 F®��ä�A���A���`����¨��ø�c�A���A¬������m�����Ï�c�§�A�����!�;��¬c�������c�è�c�W�Ï�����;�c� �����!�*�D�c���¥ugvLw\x�yFvLz {�2ç���A�������c�����������
����� �A���������+�����¦�c�A�]�;� �A�A�3��Ý�õ�·8{ õ4)Aõï±5��Ý�õ6+�{ õ*)�õï±Q{¦{¯{������'�����§�����c�������`ª+���A�c�+�������m���;�I�c�����`�c�Ô�§�������`�`���� c���
�������*�X���A�#"�Ý�Ù%7�ð!õ�{ õ*)�õ`�����X�;���	�����c��������ª��e�!�W���:����¶[�����6�W�t�����W�X�c�Ô�	�����!���µ�����!�W��{
river:
( �����6¬; 8���A�c�t�`�� ��;�6�X�������¯�����`ª+���W�����t�������+�A��¨�{
wells:
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8:9<;�=%>@?BAC>@DCE#;%>@F%G%DIHJDLK%MJN4OPE#9Q>@;#R�>@DS;#MJTU9VN*DCW#DJ=$XBYPG�Z[A�9\R�>]R4^�;IAJ>]GIY#>\R,E#_\^�E#;�R`9\RaEPDBA�R,E#_\^bHI9]cd>BMIefOf9]R4^�E#;�R
>@;g;PMJTU9VN*;Ch�9i>@;1WPM�DIHJM�F�hPh�;%>@;gFUAJ>\GIYfO#Y�^@j

5.5.3 kml�n�o:p:q�rfq$sdlut�v�luq:p5p:w�rfx<y
z[;{=#W#DJWPM�DIH�M�Ffhfh�;%>@;}|�~%���-�\�#�S|�~%���1�!�*�S|�~

f
������E#;�Rm|�~%���6����TIM�9VR*F#�]DBAJ>@;#Rmc�^�?�M�R,O�h�;�>@D!A�E#9-AJ>BMJR,E#?

E#;�>@F#G%DIHID};%W#D��BePE�9V=#O�Y�^�XU9@XUDPh�_-A%c[A{���#�\�4������~%�\�6���'�*�,�U���5� E#;#R$>@D}?BA�D#h�;¡K%F�O#Y�^@�%� >\c[A�;#MJTU9VN*c`A
¢�£¥¤§¦�¨d£�©ª��|��%~J«f�,�I�<¬��U���@��@|g�@�5j¯®:W#RaW�G%_@DBA��`>@;°>@MJN*;�WfMJZ5>B;�TUMJ9\R*F#�]DBAJ>@;�RiE#;#Rd>@DBA�;�±f²@D!AJ>@;�;PMJR*��h#?
>@DI=S;PMITU9]N4DI=�>VY�^³O#=IA#�U9´>\R,E�e�^¥K%M%DJT!?JW�>@c³O#Y�^����¶µ#��6�����!�a��«%|1�5jJ·�M�Zd>@D�;fMJTB9]N*D�O�=JA#�!9V>\R,E�e�^�K%MJD�TU?JW�>\c�O#Y�^
�I9\c�M�9]N¸>@;�R�>@D��-�B�a:¹!j �*º%�¶��XU9´±%>@9\M%D�>@D<���U�a%»�j �4º���E�GJW
z[;¼>\_@OPO�9\M�;�W#;fM�;%W#FJA%c½WPM�DIH�M�Ffhfh�;�>B;�E#;%G%DI±IAJ>@;�R�HUR*;¾EPFP�U9�O%=IA#�I9´>]R,E�e¿K%M�DJT!?�W�>@c³O�Y�j¥zuY�A�W#D�GJG%;%W#GIe
E�GIe�O#YÀ>@DI=P^C;IA�;%G%;fhfK�FUA�9]Ri>@D�|g~%�¶�'«%�>@D�DJW#D�N*D�9\N A�;�R�E#;#R³>@D°WPM�?IH�M�;fhfh�;�W#DU=ÁTIMUYfOfR6h#DJW#D�R49]NbD�>@9VG�R,E#?%^
TUMIe�O�>]Y�^@jfz[;mD�MJN4O�h#;�>@;ÂW#DJ=°XU_]TU9Q>@;#R59VN�A�;%R5D�E#9-AJ>BMIR,E#?%^§E#;�>@F#G%DIHUD%^�;%W#D#�@efE#9´=#O#Y�^�XI9\XID#h�_-A%c[A#��>\D$?!A%D#h#;
K�F#O#Y�^[>\c[A1;PMITU9VN*c:A<¢�£¥¤§¦�¨d£�©ÃE#;#R�>@D<W�GIe��ID%^[>\c:A1O%=JA��I9´>]R,E#Z:AgK%M�DJTUDJW�>@Z³OP9@c`A1�`�¶µ#��6���]���4�����!�af���
�UÄ�RfX!R*;PXIM%D#h�_\^5WPM�_]W�9]RJA�;09]N�A�;#RP;�W#?JGI=%>\9\^iO%>@D1XI_-AJ>BM�D§>\c:A<E#;�>@;#G%?UHUc[Afj
�%�B·<;fM�F#XI9]RaH%h�;�Å�Æ�A�¹]Ç��\���-�J�j ¬#�!�39]N A�;%R�>@DS;PMIT!9\N,�C¬#�U�³>@DI=S¢�£�¤�¨:¦u£�©È>@?I>\9�>@DÉ?!A�D#h#;$K�FPO�Y�^�?JG%c:A�>Bc`A
;PMJTU9]N4c:A§>@DU=�9VN�A%;#R:¹\Ç��@�����J�j

5.5.4 Ê�lut#Ëdq:Ì�tfl�Í�o:p`Î\y�q�Ï�ÐJÏ�t�p`Î]y�q
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• ÒuÓaÔ!ÕJÖBÓ ×QØ@Ù�ØBÚ¸Û�ÜIÛbÝJÞ@Ö!Ø@ßUØ\à@Ó ÕIá�â�ß!ã-Õ�äVåUÛ�â�Ü�ã:æ@ç!èJéIêiÕ!ÝUëuã-ß!Ú¸Þ@ãQâ
• ì3í:Ö@ÓaÜ�îIï!â�×�Û�â�ß!ã-Õ�ä]å!Û�â�Ü�ãu×VÖBã�Óaâ�ÝBÙ�ØBß!ã-ÕJä]åIãQâ
• ð Û@åUÓ¸ÔIÚ,Ô¥ãQñVÔ!×]îIØ!Þ\Ó¸ÔBÙ@åIØ@á�×Qí�å�×´ÖBÓaòfå3ÝBÙ�ØBß!ã-ÕJÔVåJòfå¥ó�ô åJí:õ ð�ö Ü�Ø!â�õ@÷�äB×´íÉøfØ\ÝJâ�ù
• ðLö à\Ó¸ÜU×´Ø�î!áIÕJØ!â:î!Û@åUÓaÔUÚaÔIâ�ÜUÝ\åIú@ã�×´Ó ÕUá�â�û@Ö!Ø´åJØ!Ü�ã�ÓaÖBäIâ�üQý�û\ÖBïVåUÓaÔ
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• þ ñVÚ¸Ü�í`ÜIÛ�ÜUÝJÜIû ö ×´Ó¸ÜIÛ�â:ÿ!ÖBØBû\ï@Ù!×´í`ÜIÛ�â:îIãuÙ�ÔJÖBØBûVábàBã�íu×´Ö@á�Ü�ãQífå�Ù�Ö!Ø!Ü�ØJîIØ!Ú¸í`ÜIÛ�â�ØUÖ@Ó,Ô!ÕIòfå�ÜUÝ\åIú]ÛIÕJòfå¥ï@Ù�í`â
Þ]Ú åJã�×´ÔUÓJÜU×´Ø´å���Ú åIÔ!Õ�Ô����4ü

• � Ö!Þ\ã�ÝU×QÓ Õ ö â�à@ãQí�×VÖ\á�Ü�ãQÓ¸â�Ù�Ø@ÝbÕIÔ!×´Ô!×QäIÜ�Ü�ØVåB×VÔUÓJÜ�ãu× ö Ü�Ü�ã´Ö!Ô�Ù%Ö!Ø\à@ÖUä�î�îIÔB×´Ô�äVå!×�ßBÛ�ÜJÛJâ$îIãu×´Ø³ÙJØBß���ü
	��
à@ãQí�×´Ö\á�Ü�ãQÓ¸â�Ô]å�ä�ÙJÖ!ï@à@Ö!Ô�î�îIÔ

• ðLö à\Ó¸ÜU×´ØUâ�ÔJÖ@Óaú!îIïUâ�à@ãQí�×´Ö\á�Ü�ãQífå��BýUý
• ðLö à\Ó¸ÜU×´Ø�î!áIÕJØ!â:î!Û@åUÓaÔUÚaÔIâ�ÜUÝ\åIú@ã�×´Ó ÕUá�â�û@Ö!Ø´åJØ!Ü�ã�ÓaÖBäIâ�üQý�û\ÖBïVåUÓaÔ
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•  ñQÛb×]î!á�îIÔ!×VÔ�ÙJØ@×´Ô�îIØ��§îIãuÙ�Ö!Ø\à@ÖUÔ�î�îIÔB×´Ó¸Ü�î ö å!Û¥û\Ö!ØVåUÓ ÕUá�Þ@ÓaÔ!Õ���îIÔ]åIÜIÛ�ïUÖ!Ø\Ý�ÔBà@í�à\Ó4îIï ×-ÛI×´ÔIâ�ó����������������������´ù
ÕIÔUÓJÜUÝJÜIû ö ×�ÓaÜIÛ�ÿBÖBØBû\ï@Ù!×´í`ÜJÛ�â��¶ÿBäUúBØ@ÝIâ`Ö!ØBáJâ�ï@Ù�í`â�Þ]Ú åIØVåB×QÔUÓJÜI×´ØVå ��Ú åIÔ!Õ�Ô���� 	!�

• ðLö à\Ó¸ÜU×´Ø�î!áIÕJØ!â:î!Û@åUÓaÔUÚaÔIâ�ÜUÝ\åIú@ã�×´Ó ÕUá�â�û@Ö!Ø´åJØ!Ü�ã�ÓaÖBäIâ�üQý�û\ÖBïVåUÓaÔ
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• � å�Ô#"-áU×QÛ�ÜIÛ§ÔBÙJïbÔJÖ@û\ã�Ú¸Ø�$&%'��×QØ@Ý�(*),+.-0/1).2�õ]×QÛ�â�Ù�ÔJÖBØBûVá�â�×Qí�å�ÙIÛUà@òfå ð Ô!ÝIÖ!Ø´åJã�Ö!ÚaØ\Ý�õ�3iÖ@û\ØJîIã¶åIØ��bÕJÔUÓ��ØBß��BàVÝJÖ!ÔIâ�ÕJÔIÓJÜU×´äIúUî!ÛJâ�à@ãQí�×QÖBá�Ü�ãQífå þ4� ø65Iõ�7 ð ø!85ü�ýIõ@ÕIÔUÓ � ÷iç
• ðLö à\Ó¸ÜU×´Ø�î!áIÕJØ!â:î!Û@åUÓaÔUÚaÔIâ�ÜUÝ\åIú@ã�×´Ó ÕUá�â�û@Ö!Ø´åJØ!Ü�ã�ÓaÖBäIâ�üQý�û\ÖBïVåUÓaÔ
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• 9 ß!Ø!ÓJØBÓ!Ù�ÔJÖBÔBÙ%ä]åIíCÙ�ãQÖ@ÓaØIÖ@ÓaÜ�îIØBÚ&�6Ö\ÝIúUîUÚ¸Ü�ãQÓaâ
• � ÙJïBÕ!×�Û�ÜIÛ§ÔBÙ�ï³×´ØbÔJÖ\û\ã�ÚaØbãQñVï!Þ@Ø\Ý�$&%���×´Ø@Ý�(*),+.-0/1).2�ÕJÔUÓJÔBÙ�Ø!ú@áIÕIã�ÝJÜIÛ�ÜI×´ØbÔIÖ\û\ãQÚaØ;:#����<����'� �aè#�J×�Û�â
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• L1M�M#N�O�P�Q&MSR�T�U�V W&X�WZY�[]\_^`U�V W&X�WaY_b�RcW&USV WdX#WaY_efR�g T�h6^ai�T#Wdj efR�gkT T#l�[�m1V W&X�W�n�N�o
n�Pcp�q�M�r�N�Qds�t�uvq�wvM#p#t�x�wcyzM�n�{;wvu�qt�M�w�x�|�u�}�u h�~�R�W�j����6��R�WZR��ag&��\_^'m!�defR�gkT�^�V�L�u�R�T�USV W&X�W!P�Q q�M�p�wcu�M�N�O�P�Qdu���P�wcu�����s#�_q�wvP�|�Pcs�wvoc��t�M�wcP�Q�s�����s�����s#wc��qx�q�y���n�u�|#P
t�x_q��Swvu�����u�pdy�wcp t�u����.�J�0pds�u�� n�u�|�|�M�n#|�M s�p�M s!��o`q�u�������P�o`q�M_qSs#��q�wvP�|�Pcs#w�����P
w�M�w�N�u�n������uvq�x#��yBqSo`q�wcM�s�����r�N�u�O�{�n�wvyHs�����M�n�{ [S[S�a����q�MSs�P�[S�&�!��ovN�MS�c�
�����#�#�����
���#���
V�L�M�[�\_^fUSV W�X�W�t�M#p#b�R�W&USV W�X�WP�Q q�M#p#wvM�M_q�wcQds�wvu�p O�M�M�N�O�P�Q�M }�pdM w���q���n�u�|#P�t�x_q��Swcu��]��ocs�u���t�M�p#t�x�wvy*N�u��JV�L�M�efR�g T#hB^ai�T�W&j efR�g T T�l#[�m1V W�X�W��efR�g T4�_V W�X�WaY�efR�g T#�!V W�X�WaY�VkV V �4P�Q q�M�p#��M�N�pd�#�#�!��o'q#��s#�_q���P
wcp t��SO�N�uvq�u�s�P�p�N�x���P,��uvq�x#��Pc��[S[S������q�M�V
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• L1M�M#N�O�P�Q&M�����eZ�J ¡V W�X�WaY�����e��J � ¡V W�X�WaY�����eZ�J � a ¡V W�X�WaY�\c[�e�V W�X�WZY�U�\_�d��^�V WdX#W�n�N�o
n�Pcp_q�M���nJx�N�O�u���q�t�x�wvy*M�n�{;wcu�q�t�M�wvx#|�u�}�uh�~�R�Wdj��#�0�#R�WZR��ag��d\�^`mJ�&U�\_�d��^4t�M�p�wvu�M�N�O�P�Q�u;efR�g T#hB^�i�T�W&j efR�g T�T�l#[�m1V W�X�W�t�x�wvyzM�n�{;wvuvq�t�M�wcx#|#u�}�u hJ~�R�W�j��#�0�#R�W�R
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• L1u M�N�O�P�Qdu;����eZ�� 
V WdX�W�n�P�N�pdo�O�P�p#wvu;n�N�{�}�N�M�����MSx�q�wc|���s����1wcyBq�M�N���P
��wcpkt�¢Bq }�Pcy�wvN���sJPcyBq n�u���M_q���t�u���qSs#w���qu���x���M£��V�¤.p���uvq�x���P���P�Q q�M�p#[����&�!��ocN#M�V�L�MSM�N�O�P�Q&M�����ea�� � ¡V WdX�WaY_����e��� � � fV WdX�WaY�M_q�wcpds�wvu�p O�u���qSs#wcpd��u���x���Pc����t�M�p���VL1u M�N�O�P�Qdu�\c[Se�V W&X�W�n�PcN�pk|#M���r�x_q�P�p�wcu�M_q�wc|���w�pkt�{;nJN�{�}�N�M�����M wvyBq ����N�P
�#w�pkt�¢4q�}�Pcy�wvN���s�PcyBq w����¦¥4§ ¨�©;ªs#w���q n�PcN�pdu�O��S�,M#s�pd|�pkt�¢Bq�«Zª M�N�u#N�Qdu��JV�¤.p���u�q�x���Pc��P�Q q�M�p#[ 3�&�!��ocN#MJV�L�u�M�N�O�P�Qdu�U�\_�d�&^�V W&X�W�n�PcN�p�o�O�P�p#w���qn�PcN�p }�N#M��!�St�x���P�}�Pc¢�w�N���s�������n�N�M�}���M�wcp t�������P�p t�u�q#p t����
�!n�u��SP�p�s�x�}�P
wvM#p�s�wvu���uvq�wco�|#u�V_� x���P�P
}�}�N�M��!��wvu��M#N�O�PcQ�u���M_q�wvpds�wcu�p O�PcQ�s�P���pdM�}�Pc¢�w�N���s��!V�¤.p�w�N�P�pd�1nJN�¢�wcu�p�M�N�p�����u�Q#t�x���P�P
}�}�N#M��J����P�Q q�M#p�u�p�s#��q�wvP�w�M�}���o`q�Pc�w����1}�Pc¢�w�N���s�����s#wvu�q t�x_q_q�M�r�u��_p&M�t�N�p wvu�n�u�Qk��s����vV�¤¬wco
w�M�N�wvu#��M�N�p�����{#��P�Q q�M�p�u�t�yH�_pkt�{#�1wc����t�M�wc�#}�u�N�Q&M��1w����}�Pc¢�wvN���s������_��|�M#�_��s�P¦n�u�p�MSu���x���MSM_q���t�Pcp�V
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• L1u M�N�O�P�Qdu;efgk#\ce�V W&X�W�n�N�o
n�Pcp�q�M�r�N�Qds�t�P�wcM�p#t�x�wcyzM�n�{;wvu�q t�M�wvx�|#u�}�u h�~�RcWdj��#�0�#R�W�R,��g��d\_^`mJ��efgk�\�e4t�M�p�wvu�M�N�O�P�Q�uefR�g T#h6^�i�T�W&j efR�gkT T�l#[�m1V WdX�W�n�N�o
n�P�p�q�M�r�N�Q�s�t�P
w�M#p�t�x�wvyzM�n�{;wcu�q�t�M�w�x�|�u�}�u h�~�R�W�j����6��R�WZR��ag���\�^'m!�defR�gkT�^�V
• L1u M�N�O�P�Qdu;efgk#\ce�V W&X�W�n�PcN�p�o�O�P�p�w���q�M#|�|���|�u���O_Q&M�wvyBq t��#®¦P�|#Qd��yBq�n�u���M�q�M�nJM�N�pds�wvu��_q wvu;n�u�wvx��#pZV���x���P�P
}�}�N�M��0�M�q�w�p�s�wvu�pkO�P�Q�s�P��#Q�M�t��#®�P
|#Q���MJV�¤.p�w�N�P�p��1n�N�¢�wvu�p�M�N�pd�#��u�Q�P�Q q�M#p�u�p�s#�_q�wcP�w�M�}���o`q�Pc�1w�����t��#®�P�|�Q���MSs#wvu�qt�x_q_q�M�r�u��_p&M�t�N�p wcu n�u�Qd��s����cV�¤¯wvo
wvM�N�wvu���M�N�pd�#��{���P�Q q�M#p#wcu�M�n�{�|��#wcu;�#®�{���P
wvN�u;wvu�� n�������o`q�M�wcu�� n�u�w�M���u��JV
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• L1u M�N�O�P�Qdu;efR�g T1��V WdX#W�n�N�o
n�Pcp_q�M�r�N�Q�s�t�P
w�M�p#t�x�wvy*M�n�{;wvuvq�t�M�w�x�|�u�}�u°hJ~�RcWdj��#�0�#R�W�R,�agd��\�^`mJ��efR�g T�^4t�M#p�wvu�M�N�O�P�QduhJ[��#��l���\_^B��R_^¡\cT�Rc[]\cm1V ��^'W�nJN�o
n�P�p_q�M]r�N�Q�s�t�P
w�M#p#t�x�wvy±M�n�{;wvuvq�t�M�w�x�|�u�}�u hJ~�R�W�j����6�#R�W�R,�agd��\�^`mJ�d[������a����U�V�L1uM#N�O�PcQ�u;efR�g T1�_V W�X�W!��pdMJr�x�²�P
w�M�pJ��{vq�u;}�pdM,q�M���P
wcN�����PcQ�u�M�N�p�����{#�1wvyBq�����q�¢4q�w����1n�N�u�sJu���u�QdyHs����vV�L4u�M�N�O�P�QduhJ[��#��l���\_^B��R_^¡\cT�Rc[]\cm1V ��^'W!PcQ q�M�p#wvu�M�N�O�PcQ�u�Pc³�{#��u�� wcu���´*µ,¶�·B¸0µ.¹
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• ¤,p�M�nJM#p w���s�Pcpd�1wvyBq�wvPcs�s�x�N�yBq���n�u�n�N�u�}�N#M�����x�wvyBq!V�L�MSM�N�O�PcQdM�wvu�� ´±µ�¶;¸!·�µ.¹ºT�Rv[�Y_��R_^
Y_��»���Y�~�»v¼#Y���e�T�t�M�pu�n�u�pdu#���#n�u�wvP�x#|�|�u;n�M�t�o�wvu��0{#N�w�p�s�������n�PvN�p }�N�M��0���1wvu�� ����N�u#�0u#N�ovM n�u��]��o`q�P�p�s#wcM���PvN�{�s�P�t�x���P�wvN�oc³vp&��uwcu���´*µ,¶;¸!·1µ.¹EY�n�N�o
n�Pcp�q�M ��nJx�N�O�u���q t�x�wcyzM�n�{;wvu�q t�M�wvx#|�u�}�u h�~�R�Wdj��#�0�#R�WZR��ag��d\_^`m!�&[��#��������U
5.6 ½¿¾cÀ;ÁHÂ�¾vÃSÄºÅ1ÆÈÇ�É�ÊSÁ�Ë�ÄÌÅ!Í�¾�Î�Å6¾�É,Ï�Ð ¾�Ç Ã�Á�ÑÒÍÓÇ�Ã]ÔJÂ@Á�ÕÖØ×vÙ�ÚÛÙ_Ü�ÝÛ×�Þ0ß&à#×�ßaá#ÜBâBßZãJä�åæÞ6á�ç�â4ã6á!è0ç�é�åºÙ�ç�êæè0ç�Ý�Ù�ë_ìJç#ê

MODFLOW í�î Þ0ï�ðñã�êJÙ�åòÞ0×�á�ß�é�á�Ú6ó6ÜBä0×Òâ0Ù�ã
Þ6á�ç�Ü6é�ç�ô4è!×�Ý!ãõê!Þ0ç�ä0×�ó¦ÚJìJã!ßZã í ëvé#ß ÝJ×ö×�ó¦ã0á!è!ç�é�å÷â4×øâ!êJé�ä6×�ä6á�ß�è!ë�Ý!çùã�Ý#Ù�ß&Þ6á�ç�â4ï.Þ0×cêJÙ_ß&ä î Þ6á î0ú ì�Ü�è0ãÞ6á î é�Ý�ï�â0Ü4ð@Ù�Ü4ð,â!ê4èJÞ!×�á�ßZó¦ç!á�Ú0ð@Ù�ç�êûä0ã6á�â0Ù�ß&ä0ç#ô£â!ê0â0Ù�å�è0ã�Ù�çJð@Ù�Ü4ð�ìJ×�ä0Ú�Ý�Ü1ð@ü�ç�ßZï,Ù_ß�ä0ç�ôþý�Ü4ó1ßZâBç#ô�ÿ
�@ç�ê���á�ç�ìJç�é#ß�ä î âB×�Ý!Ú0á�ßZçþÞ0ç�ê�×�Þ0ß�ìJë�à�Ù�Ü6ä6×�â!ê�Ý���â!Ù�ãJÙ�ã!ß4â!Ù�Ü���ßZã�Ù�å�á#ÜBâ0Ü�Ù�ï@Ýûâ!Ù�ã�Ù�ß�â!Ù_ß&ä��@Ýþà#ã6á�ã!ä�Ù�Ü1á�ßZâ0Ù_ß�ä��HÝ
é#ßZãzÙ�ÜEâ!ê�Ý!ç�ì�ß&ä�å��#ß�ÚBá�ä!×_ßZãzÙ�ï�Ý	��ßZãJÙ�ß�
#ë�è!×�Ý!ï�Ý	��×_ßdé�è0Ú�Ù�ï@Ý ú á�ç�à î Þ�Ù�ï;â!Ü1ð�����������������.Þ6ç�ê¬Þ0ãBá�ç�ê0âBß�Ú��_ç�Ý�Ù�ã!ßâ!Ù�ç�Ù�ë_ìJçJðSÙ�ï�Ý Þ!ß Ý!Ú!ä!ï�Ý Ù�ç�ê	��ãBá�ã0á#Ù�å¦è!ã�Ù�çJð��Èÿ ��ß�âJê�Ý�
�×vÙ_ß&ä0ë�ð�à#á�ç�Ý!ç�â4×�ßaá�ë�ð�×!� Ý!ã0ß"�!#�#�#£Ù�ç�Ý¬ã6á�ß$
�è î ä0ã!ßã�Ý!ã0ó¦ë�áJç�Ý�Ù�ã!ßþâ0Ù�Ü%�#×�ä0ã6×vÙ��Zã&����� �'�����Òï�ð)(�#�#����*#��!ÿ,+.-�×vÙ�Ú6âJÙ�ÜBä0ã�Ý/��ôBç0��ßZã0à�×_ßaá�ßZâ0Ù_ß�ä0Ú âB×�ÝJÚBá�ß�ã213�fã���Ù�ç
�#ß�ã0à�×�ß�á�ßZâ!Ù�ß&ä î â4×�ÝJÚBá�ßZç4� â0Ù�çòç�Þ6ç���ç ç�ß ãJÞ0ç�ì�å 5,×�ßZð ã!Þ î Ù�ß�ð¿é#×�ï�Ù�á#å1â6×�ß�ð ü ã6â0ß�ì�ß&ä���Ý768��ãBá�ç!á'�Zç#ê

�×�ï�á#å9
�Ü6ä6ã�Ý è�Ü:��×�ÝJß&ä!ë�ð í�î Þ0ï�ð í Ú!ì�ìJï.â0Ù�× í ×;�kÝ!ãJß£â!Ù_ßZðEâ0Ü�è!×�á�ß ÝJë�ðEâ!ê�Ý�
�å6ä0×�ð í ä0ã0ß<� ú � Ù�ç=�#ßZã!à�×�ß�á�ß�â!Ù�ß&ä îâB×�ÝJÚBá�ßZç>( è!×¿×�Ý�Ù�ãJÙ_ß�äJå ×�äBè0×vÙ�Ú!ì�ìJ×vê6â!ÜæÙ�ïHÝÌé#×_ï,Ù�á�åBâB×�ï�Ýºü�ã!âBß�ì�ß&ä��@Ý?6@��ã6á�ç0á���ç#ê è!×¿ÞBá î é�á�ã4è6è0ããJÞ0ç�ì�å:5�×�ï�ÝþÙ�ßZð.ß�â0Ù�çJá�ß&ä0ë�ð�ãJÞ0çJì�å:5�×_ßZð.Ù�ç£ë�Ù�çJðA������B4ÿ�ýÓãJß�âJÙ�ãC��ô6çD��ßZãJà#×_ßZá�ß�â!Ù�ß�ä0Ú âB×�Ý!Ú6á�ß�ã�
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µC¶T·E¸T·º¹4»½¼¾¶C¿ ÀÁµÃÂ;Ä¾¶ÆÅ¢ÇªÈÊÉ�ÇªÉLË¾¼ÍÌ�ÄJÎYÄÏÇÐÒÑ ÓÔ¶ºÄÍÇ?Ñ
¶EÅHÕ�È
Ö ·EËV×<ØVÐN¹ªÎÚÙÍ»ÛÈ

Ü4Ý¤Þ'ß�à ß á}â,ã
1 ä�åÆæ Þ�ç�ß'Ý�è?à ß ç
éëêlì�í çrè�î
ï)è�á)élð'çrñ�ß�Þ�é;çrß�à�ì�á�ò�ó�è@ôvõ@ð�ê�ö&í æ á}÷yÞ�öEø�è7ù9ú4ãmû æ ñ©ç�í�è7î,ü

mm).ýyþ�ÿ�� ����þ ��ÿ�� ���	� 
��� ����� ����� ����� ����� 
�ÿ��� 
�ÿ�� � ��� ! "#�$� ý�þëÿ��
1966-67 60.5 59.2 81.4 32.2 23.6 3.9 34.6 13.3 62.9

1967-68 46.1 79.5 149.5 205.4 85.1 91.8 9.2 52.8 21.0 0.0 18.1 17.5 776.0

1968-69 201.7 124.0 356.3 133.7 83.8 104.4 8.5 6.7 6.0 1.6 6.3 57.8 1090.9

1969-70 13.0 55.1 231.0 91.3 79.8 88.5 4.8 71.2 34.8 46.3 3.3 23.4 742.4

1970-71 118.9 40.4 106.6 124.4 159.1 169.4 57.1 11.4 12.5 60.8 26.8 53.2 940.7

1971-72 102.8 67.9 68.7 151.3 106.1 55.3 126.3 30.2 11.0 48.2 61.0 27.6 856.4

1972-73 166.2 76.7 43.9 171.0 81.4 108.1 17.2 12.2 20.3 24.5 34.0 7.6 763.2

1973-74 155.3 90.8 124.4 74.0 183.7 100.2 60.2 36.2 4.1 2.0 3.1 11.5 845.6

1974-75 76.2 111.9 36.1 31.3 213.8 40.0 17.7 42.8 82.4 17.2 53.7 4.3 727.4

1975-76 18.1 91.5 196.7 85.6 169.1 79.7 65.4 26.3 19.2 7.4 22.1 6.5 787.9

1976-77 106.4 84.6 74.1 23.1 24.8 25.0 70.7 8.8 18.0 1.1 3.9 58.8 499.3

1977-78 20.0 115.1 192.2 229.5 94.1 65.8 72.4 14.1 2.9 1.2 4.9 91.8 904.0

1978-79 92.7 127.7 111.7 101.9 79.9 26.4 43.9 75.7 18.4 48.4 14.2 5.9 746.7

1979-80 223.9 183.0 152.2 149.1 95.8 122.9 59.0 34.3 25.2 0.5 5.8 15.2 1066.9

1980-81 273.9 65.5 143.3 283.4 74.2 5.8 76.9 8.6 20.5 0.7 10.2 64.5 1027.5

1981-82 105.3 112.7 143.9 60.8 161.7 203.5 118.9 96.4 29.7 4.8 12.1 24.9 1074.6

1982-83 28.0 160.4 89.4 16.7 64.2 87.5 23.1 19.5 88.8 45.5 32.5 0.9 656.6

1983-84 58.2 96.3 260.3 71.2 169.6 108.2 165.1 23.2 13.2 17.3 39.8 6.0 1028.3

1984-85 25.1 121.8 204.1 184.6 42.3 99.2 52.2 49.6 6.7 14.1 1.2 22.9 823.8

1985-86 113.5 183.6 48.2 80.4 139.6 69.5 14.7 68.5 61.5 38.9 17.3 10.7 846.4

1986-87 163.4 48.8 81.7 141.0 68.1 194.0 100.7 11.5 12.5 1.3 20.5 0.1 843.7

1987-88 116.5 102.7 43.6 78.6 158.8 100.2 34.5 27.4 15.1 0.0 0.2 2.1 679.8

1988-89 55.7 204.2 150.1 16.5 78.0 186.9 21.1 39.3 16.5 46.8 5.5 18.6 839.4

1989-90 92.9 102.3 110.6 11.7 52.3 27.7 59.8 27.1 21.4 6.8 131.0 53.1 696.8

1990-91 42.7 169.7 251.0 152.4 65.4 91.1 122.8 53.8 0.6 16.4 66.3 4.6 1036.9

1991-92 78.7 105.6 52.1 22.4 71.3 51.8 58.7 80.7 74.2 6.7 5.5 5.5 613.1

1992-93 31.7 58.1 91.4 47.7 129.4 61.3 23.5 93.5 5.7 0.0 0.1 2.3 544.7

1993-94 2.4 265.8 77.4 144.0 160.3 51.4 55.7 57.9 15.0 27.3 26.7 0.6 884.4

1994-95 171.4 117.0 116.1 120.8 9.7 157.3 34.0 12.7 5.3 48.3 33.9 39.4 866.0

1995-96 50.4 76.4 162.2 161.7 159.5 147.0 20.9 32.6 2.4 10.0 31.4 23.7 878.3

1996-97 72.7 45.3 127.6 225.5 44.6 117.3 65.4 29.6 10.7 0.7 42.2 7.8 789.5�&%�')(+* ,
94.1 109.5 133.2 111.3 102.1 94.2 54.6 38.0 21.9 18.7 24.1 23.6 829.2'#� �-%����.% %
67.5 51.8 74.8 70.6 52.0 50.8 39.3 25.9 23.2 19.7 26.9 24.3 152.6�0/��1*�%

0.865 1.180 1.068 0.480 0.375 0.514 1.041 0.821 1.903 0.730 2.352 1.190 -0.102�2�vþ�ÿ�/��3/.%
0.121 -0.067 0.093 0.085 -0.209 -0.208 -0.100 -0.057 -0.208 0.116 0.185 0.155 -0.137
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46587-9�:.9.;=<?>
2 @3ACB 7�DE9-5EFG:.9.DIHKJ�L)M.DNFPOIQ�F�;�H�R-DNST937�H�DN9�:1L);VU�W�FYX ZYR1J�[2M B ; A]\ M#F3^`_aF3^cb6>�d B S)DNM#F3Ofe

mm).gihkj�l mon h pij�q r�q	n s�t�u vVq�w x�t3y z�{�y x�t�| s�j�}�u s�j�} ~ z�} � ��q${ gPhKj�l
1966-67 26.6 35.8 95.6 36.3 61.7 7.5 33.6 34.5 90.8

1967-68 59.3 91.3 95.1 84.1 73.4 77.5 9.9 47.2 17.0 0.0 27.5 8.9 591.3

1968-69 139.0 126.5 256.2 107.3 51.9 63.1 9.9 3.9 3.2 7.4 1.4 92.6 862.6

1969-70 6.1 34.8 173.2 57.3 59.7 83.9 7.0 68.4 34.3 33.2 1.0 31.1 590.1

1970-71 92.7 23.2 92.4 54.9 117.6 92.9 44.6 14.7 18.5 18.8 58.8 31.4 660.5

1971-72 70.7 50.3 97.2 180.4 130.8 40.5 146.1 42.0 1.8 80.6 57.6 25.7 923.7

1972-73 141.6 7.5 27.1 129.5 38.5 67.6 11.4 10.1 15.7 50.3 0.3 32.2 531.7

1973-74 117.5 88.7 64.0 83.3 110.0 101.8 28.9 27.7 8.6 0.5 0.7 3.0 634.6

1974-75 81.3 93.5 49.4 20.0 116.1 56.7 32.0 39.3 84.5 15.5 20.6 7.5 616.4

1975-76 16.5 78.0 181.6 56.8 184.8 76.0 55.2 30.4 27.8 18.4 14.8 4.8 745.3

1976-77 81.8 59.7 58.9 18.4 19.1 7.8 53.7 1.8 23.0 4.0 1.7 37.0 367.0

1977-78 21.8 50.0 150.2 163.1 72.2 17.4 69.6 17.5 0.9 1.1 6.7 58.3 628.8

1978-79 66.6 67.9 147.3 69.2 65.2 22.5 40.4 72.1 1.8 33.0 36.1 4.7 626.8

1979-80 208.5 109.4 119.7 93.2 85.2 103.4 54.7 31.1 20.6 0.2 15.5 10.7 852.4

1980-81 244.5 29.9 103.3 225.2 42.8 5.1 62.3 5.0 6.3 2.3 19.0 36.3 782.0

1981-82 53.9 102.8 100.0 61.5 135.1 156.3 128.0 87.5 6.6 4.7 5.7 10.4 852.5

1982-83 22.0 122.3 56.9 11.6 30.4 71.0 10.0 16.7 74.4 56.5 28.3 0.0 500.0

1983-84 51.9 75.3 185.2 60.1 135.9 105.8 117.4 17.4 8.5 10.9 56.4 1.4 826.3

1984-85 17.8 53.2 208.5 115.9 23.1 93.2 36.2 25.2 0.0 1.5 0.0 39.7 614.3

1985-86 95.9 123.5 56.8 39.6 86.1 42.3 5.7 52.0 18.2 16.3 3.7 6.3 546.5

1986-87 192.9 47.8 19.2 103.3 60.6 152.2 114.3 7.0 6.9 0.7 20.5 0.2 725.5

1987-88 109.8 86.1 46.4 109.5 101.3 90.5 29.0 3.8 16.1 0.1 0.1 1.1 593.8

1988-89 48.9 161.0 96.5 8.2 34.3 89.4 14.3 16.9 3.2 16.3 8.6 3.4 501.0

1989-90 26.5 70.1 105.3 8.1 33.3 17.1 45.2 38.8 2.4 5.0 57.4 37.1 446.3

1990-91 28.7 150.7 143.3 130.8 61.2 107.7 77.8 24.9 2.5 14.5 37.4 0.2 779.8

1991-92 71.4 62.0 28.2 23.4 61.8 49.1 45.1 62.0 72.4 7.4 14.6 2.7 500.1

1992-93 32.0 42.5 81.7 81.8 90.2 27.7 19.1 67.4 4.7 0.0 3.6 0.2 450.9

1993-94 0.6 240.3 24.9 149.6 198.6 37.3 46.4 58.7 13.1 49.3 9.9 0.0 828.6

1994-95 244.4 91.6 79.8 70.5 2.3 140.8 20.4 4.5 0.8 18.6 23.3 19.7 716.8

1995-96 30.0 44.8 212.0 162.4 143.3 70.4 18.4 46.1 0.0 13.0 53.3 53.3 847.1

1996-97 95.6 13.2 83.7 143.8 60.0 118.2 52.8 12.9 10.3 5.9 32.9 3.9 633.2

x&���)�+� �
82.3 79.9 104.8 85.5 79.4 73.6 46.5 32.7 16.5 16.8 21.0 21.1 659.2�#} {-��z�{.� �
67.8 49.0 61.7 56.1 48.2 40.8 37.0 24.2 22.0 19.8 19.7 25.4 146.5z0��}1���

1.143 1.260 0.708 0.535 0.745 0.144 1.280 0.537 2.179 1.657 0.757 1.531 0.022z2} hkj���}3�.�
0.043 -0.049 0.126 -0.026 -0.389 -0.182 -0.183 -0.232 -0.092 0.113 0.133 0.062 -0.152
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�6�8�-���.�.�=�?�
3 �3�C� ���E�-�E�G�.�.�I�K���)�.�N�P�I���������-�N�T�3�����N���1�)�V�����Y�  Y�1��¡2� � �=¢¤£1��¡C¥a�Y¦`§6��¢ � �)�E�����f¨

mm).©iªk«�¬ �®�ª ¯P«�° ±�°	® ²�³�´ µV°�¶ ·�³3¸ ¹2º�¸ ·�³�» ²�«�¼�´ ²½«�¼�¾ ¹2¼�¿ À#°$º ©PªK«�¬
1966-67 40.3 94.3 128.8 36.8 21.3 11.4 13.9 26.7 33.6

1967-68 107.2 80.9 155.0 127.2 92.2 100.4 13.5 33.3 39.9 0.0 16.3 31.9 797.9

1968-69 188.3 124.4 276.5 105.3 33.9 86.7 16.6 1.7 3.2 1.8 1.2 29.9 869.5

1969-70 4.8 35.8 193.6 52.2 60.0 86.5 2.1 69.2 39.6 52.5 1.2 37.7 635.2

1970-71 111.2 32.2 88.3 71.3 107.0 116.8 41.7 10.6 10.9 28.1 55.1 37.4 710.4

1971-72 98.3 70.3 63.4 177.6 82.0 43.1 95.6 34.4 5.9 52.1 58.2 20.6 801.3

1972-73 100.4 37.0 38.8 155.2 58.6 52.4 12.9 12.0 22.8 50.0 10.6 35.1 585.9

1973-74 66.9 73.7 68.5 101.6 150.7 90.3 31.8 32.2 20.7 0.4 1.1 11.4 649.4

1974-75 33.1 90.7 35.3 60.1 153.4 49.1 11.6 35.0 59.2 6.6 17.5 20.2 572.0

1975-76 17.7 81.1 184.8 76.1 177.4 51.1 55.6 13.4 5.7 7.5 16.6 4.0 690.9

1976-77 85.7 61.1 52.8 17.9 10.3 19.0 48.0 0.6 35.3 0.6 3.1 44.6 379.0

1977-78 22.4 62.5 227.4 154.4 91.2 41.1 64.1 15.1 3.5 0.0 7.9 71.0 760.6

1978-79 67.2 72.7 157.2 75.0 70.9 22.1 33.1 42.5 8.3 28.2 33.5 12.8 623.4

1979-80 225.1 124.8 97.8 110.9 95.1 105.9 69.2 44.3 20.8 0.1 8.6 14.5 917.0

1980-81 146.4 57.0 123.0 251.9 48.5 5.0 67.2 7.4 4.4 0.1 9.6 36.4 756.9

1981-82 61.0 94.4 80.9 65.6 142.1 152.3 147.6 65.4 11.9 8.0 7.8 11.4 848.3

1982-83 34.9 131.2 56.3 27.6 114.4 40.6 4.3 12.1 99.3 19.6 13.3 0.0 553.6

1983-84 34.5 85.3 172.5 84.1 115.7 119.6 136.6 15.1 1.4 6.5 53.1 1.0 825.3

1984-85 4.6 80.0 165.7 136.7 77.3 76.1 33.8 20.9 1.2 1.0 0.6 15.7 613.6

1985-86 99.4 114.7 62.7 40.0 95.8 39.4 10.9 51.4 12.9 12.4 2.0 1.9 543.7

1986-87 201.8 24.4 73.4 90.0 77.7 172.7 85.3 5.6 9.4 4.5 17.0 0.1 761.9

1987-88 84.6 64.9 61.2 105.7 126.9 108.5 32.0 11.3 20.6 0.0 0.1 9.8 625.6

1988-89 66.5 175.2 165.9 5.0 34.0 112.6 15.1 21.6 7.9 10.3 4.1 5.3 623.4

1989-90 85.3 66.8 97.4 4.4 30.5 29.6 39.6 14.7 10.5 2.2 80.2 15.1 476.2

1990-91 47.3 108.3 153.5 129.4 75.2 90.5 87.8 38.1 0.7 9.7 40.7 0.2 781.5

1991-92 65.7 102.1 100.5 34.6 48.0 49.9 33.7 54.1 28.6 1.1 2.1 1.6 522.0

1992-93 33.3 51.1 74.2 72.3 88.6 38.8 14.4 94.5 1.7 0.1 2.5 1.5 472.9

1993-94 0.4 228.8 43.9 164.9 183.1 62.2 32.3 61.2 6.0 15.0 10.6 0.2 808.6

1994-95 193.7 113.3 73.7 160.5 6.0 118.5 30.4 3.5 5.8 8.9 3.6 22.5 740.5

1995-96 29.6 64.7 137.8 139.4 127.0 89.6 15.1 51.0 0.8 3.5 10.7 29.6 698.8

1996-97 65.6 24.4 90.8 174.0 45.5 111.4 46.9 24.8 5.9 0.3 10.9 1.1 601.6·&Á�Â)Ã+Ä Å
79.4 84.5 112.4 97.1 87.5 77.8 44.0 29.6 16.6 11.1 17.0 18.0 674.9ÂÆÁ=¹�º.Á
60.5 44.1 60.7 58.5 45.6 41.5 36.1 23.0 20.7 15.5 20.3 17.2 131.1¹0Ç�¼1Ä�Á

0.965 1.361 0.886 0.459 0.273 0.269 1.412 0.946 2.559 1.844 1.716 1.065 -0.207¹2¼ ªk«1Á Á
0.014-0.055 0.184 0.113 -0.161-0.166 -0.155 -0.032 -0.190 0.356 0.135 0.366 -0.143

�6�8�-���.�.�È�É�
4 �iÊ �����1�1�.¦.�I� Ëk���E� �ÍÌY� �1�N�-�N��¦Î�.�-�c�K���)�.�N�3¦Ï�.���3¦I�Ð���-�N�T�3�����N���1�)�]���Y�1�� Y�1��¡V� � �&Ñi��¡Ò¨�Ó�ÔÖÕ

� Ë����3¦c¨Ø×�Ôa�.�-�-¢¤£1��¡Ù¥a�3¦c¨ÖÚ�Ô)§6��¢ � �)�N�I�Y�a�o® ª ¯i«�° ±�°	® ²½³�´ µV°�¶ ·�³3¸ ¹�º�¸ ·�³�» ²�«�¼�´ ²�«�¼ ¾ ¹�¼ ¿ À�°$º ©iªk«�¬
r12 0.920 0.902 0.871 0.870 0.851 0.843 0.928 0.853 0.898 0.697 0.667 0.790 0.818

r13 0.854 0.925 0.878 0.892 0.843 0.861 0.938 0.891 0.775 0.712 0.783 0.810 0.871

r23 0.876 0.933 0.848 0.931 0.840 0.914 0.931 0.841 0.818 0.821 0.850 0.704 0.888
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****       Simulation number 1         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1200700544.0000               STORAGE =      333096.7812
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   563874304.0000                 WELLS =      108591.8750
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   450636768.0000         RIVER LEAKAGE =       46799.9805
            RECHARGE =  1341751168.0000              RECHARGE =           0.0000

            TOTAL IN =  3556962816.0000              TOTAL IN =      488488.6250

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =   990347712.0000               STORAGE =       58231.0000
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   701817984.0000                 WELLS =      179877.7031
              DRAINS =  1751308160.0000                DRAINS =      250380.2031
       RIVER LEAKAGE =   113487424.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3556961280.0000             TOTAL OUT =      488488.9062

            IN - OUT =        1536.0000              IN - OUT =          -0.2812

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 2         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1211115648.0000               STORAGE =      276909.3750
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
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               WELLS =   537642368.0000                 WELLS =      119437.8828
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   433290496.0000         RIVER LEAKAGE =       52915.1562
            RECHARGE =  1135320448.0000              RECHARGE =           0.0000

            TOTAL IN =  3317368832.0000              TOTAL IN =      449262.4062

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =   916819968.0000               STORAGE =       56421.6836
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   695962880.0000                 WELLS =      185393.8594
              DRAINS =  1609779328.0000                DRAINS =      207448.1406
       RIVER LEAKAGE =    94805184.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3317367552.0000             TOTAL OUT =      449263.6875

            IN - OUT =        1280.0000              IN - OUT =          -1.2812

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 3         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1251240064.0000               STORAGE =      324439.9062
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   560842752.0000                 WELLS =      110431.6172
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   438800288.0000         RIVER LEAKAGE =       46799.9805
            RECHARGE =  1349561472.0000              RECHARGE =           0.0000

            TOTAL IN =  3600444416.0000              TOTAL IN =      481671.5000

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =  1025703168.0000               STORAGE =       57867.7773
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   700265856.0000                 WELLS =      182635.7812
              DRAINS =  1745936512.0000                DRAINS =      241169.9375
       RIVER LEAKAGE =   128539576.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3600445184.0000             TOTAL OUT =      481673.5000

            IN - OUT =        -768.0000              IN - OUT =          -2.0000

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00
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          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 4         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1271568512.0000               STORAGE =      342320.3750
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   570519680.0000                 WELLS =      111675.4141
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   445762496.0000         RIVER LEAKAGE =       47642.3359
            RECHARGE =  1413719040.0000              RECHARGE =           0.0000

            TOTAL IN =  3701569792.0000              TOTAL IN =      501638.1250

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =  1071701952.0000               STORAGE =       62916.5938
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   701531968.0000                 WELLS =      183696.5781
              DRAINS =  1796241536.0000                DRAINS =      255024.6875
       RIVER LEAKAGE =   132093000.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3701568512.0000             TOTAL OUT =      501637.8750

            IN - OUT =        1280.0000              IN - OUT =           0.2500

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 5         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1226977024.0000               STORAGE =      349461.1250
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   561489664.0000                 WELLS =      111675.4141
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              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   445661888.0000         RIVER LEAKAGE =       46799.9805
            RECHARGE =  1394826880.0000              RECHARGE =           0.0000

            TOTAL IN =  3628955648.0000              TOTAL IN =      507936.5000

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =  1046367872.0000               STORAGE =       65905.4453
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   701347648.0000                 WELLS =      180514.1719
              DRAINS =  1765222656.0000                DRAINS =      261516.8281
       RIVER LEAKAGE =   116016288.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3628954624.0000             TOTAL OUT =      507936.4375

            IN - OUT =        1024.0000              IN - OUT =       6.2500E-02

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 6         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1282957440.0000               STORAGE =      356600.0000
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   579379328.0000                 WELLS =      107985.4375
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   448721856.0000         RIVER LEAKAGE =       46799.9805
            RECHARGE =  1513706880.0000              RECHARGE =           0.0000

            TOTAL IN =  3824765440.0000              TOTAL IN =      511385.4062

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =  1117847680.0000               STORAGE =       67396.7734
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   703460800.0000                 WELLS =      180514.1719
              DRAINS =  1863945984.0000                DRAINS =      263475.4688
       RIVER LEAKAGE =   139514704.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3824769024.0000             TOTAL OUT =      511386.4062

            IN - OUT =       -3584.0000              IN - OUT =          -1.0000

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00
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          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 7         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1194309760.0000               STORAGE =      237279.8125
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   525792768.0000                 WELLS =      136619.0625
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   426842688.0000         RIVER LEAKAGE =       51199.2031
            RECHARGE =  1046433152.0000              RECHARGE =           0.0000

            TOTAL IN =  3193378304.0000              TOTAL IN =      425098.0625

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =   865215808.0000               STORAGE =       51804.3320
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   694084992.0000                 WELLS =      184333.0625
              DRAINS =  1545716992.0000                DRAINS =      188960.6250
       RIVER LEAKAGE =    88362080.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3193379840.0000             TOTAL OUT =      425098.0000

            IN - OUT =       -1536.0000              IN - OUT =       6.2500E-02

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 8         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1204281472.0000               STORAGE =      301161.5312
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   537514944.0000                 WELLS =      109814.9375
              DRAINS =           0.0000                DRAINS =           0.0000
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       RIVER LEAKAGE =   429048128.0000         RIVER LEAKAGE =       55941.5977
            RECHARGE =  1175154176.0000              RECHARGE =           0.0000

            TOTAL IN =  3345998592.0000              TOTAL IN =      466918.0625

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =   929776000.0000               STORAGE =       55709.9180
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   695593984.0000                 WELLS =      186242.5000
              DRAINS =  1620019072.0000                DRAINS =      224963.6094
       RIVER LEAKAGE =   100610080.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3345999104.0000             TOTAL OUT =      466916.0312

            IN - OUT =        -512.0000              IN - OUT =           2.0312

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 9         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1275476224.0000               STORAGE =      313476.8750
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000

               WELLS =   553376320.0000                 WELLS =      112933.2188
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   440277632.0000         RIVER LEAKAGE =       54506.2305
            RECHARGE =  1274216192.0000              RECHARGE =           0.0000

            TOTAL IN =  3543346432.0000              TOTAL IN =      480916.3125

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =  1030535936.0000               STORAGE =       58929.1719
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   698533248.0000                 WELLS =      185606.0156
              DRAINS =  1701577600.0000                DRAINS =      236380.6875
       RIVER LEAKAGE =   112700584.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3543347456.0000             TOTAL OUT =      480915.8750

            IN - OUT =       -1024.0000              IN - OUT =           0.4375

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00
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          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 10         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1390555904.0000               STORAGE =      332502.6562

       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   608785664.0000                 WELLS =      129178.6641
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   453055712.0000         RIVER LEAKAGE =       46799.9805
            RECHARGE =  1717245184.0000              RECHARGE =           0.0000

            TOTAL IN =  4169642496.0000              TOTAL IN =      508481.2812

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =  1238737152.0000               STORAGE =       66645.5234
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   707851840.0000                 WELLS =      179877.7031
              DRAINS =  2034639104.0000                DRAINS =      261957.7188
       RIVER LEAKAGE =   188415328.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  4169643264.0000             TOTAL OUT =      508480.9375

            IN - OUT =        -768.0000              IN - OUT =           0.3438

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
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****       Simulation number 1         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:



60

           ---                                      ---
             STORAGE =  1255071104.0000               STORAGE =      371855.8438
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   563874304.0000                 WELLS =      108591.8750
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   476416064.0000         RIVER LEAKAGE =       39499.1836
            RECHARGE =  1341751168.0000              RECHARGE =           0.0000

            TOTAL IN =  3637112832.0000              TOTAL IN =      519946.9062

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =   956313152.0000               STORAGE =       19871.8711
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =  1194968704.0000                 WELLS =      316863.6875
              DRAINS =  1425952896.0000                DRAINS =      183210.9219
       RIVER LEAKAGE =    59877848.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3637112832.0000             TOTAL OUT =      519946.5000

            IN - OUT =           0.0000              IN - OUT =           0.4062

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 2         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1276186752.0000               STORAGE =      322840.2500
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   537642368.0000                 WELLS =      119437.8828
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   453262912.0000         RIVER LEAKAGE =       52915.1562
            RECHARGE =  1135320448.0000              RECHARGE =           0.0000

            TOTAL IN =  3402412544.0000              TOTAL IN =      495193.2812

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =   879701824.0000               STORAGE =       28599.9395
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =  1189112192.0000                 WELLS =      322379.8438
              DRAINS =  1282708096.0000                DRAINS =      144213.1719
       RIVER LEAKAGE =    50889240.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3402411520.0000             TOTAL OUT =      495192.9375

            IN - OUT =        1024.0000              IN - OUT =           0.3438
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 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 3         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1314990592.0000               STORAGE =      364112.5000
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   560842752.0000                 WELLS =      110431.6172
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   463347520.0000         RIVER LEAKAGE =       45364.6172
            RECHARGE =  1349561472.0000              RECHARGE =           0.0000

            TOTAL IN =  3688742400.0000              TOTAL IN =      519908.7500

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =   997359808.0000               STORAGE =       21376.6348
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =  1193414400.0000                 WELLS =      319621.7812
              DRAINS =  1423285632.0000                DRAINS =      178910.6562
       RIVER LEAKAGE =    74682176.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3688742144.0000             TOTAL OUT =      519909.0625

            IN - OUT =         256.0000              IN - OUT =          -0.3125

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 4         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
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             STORAGE =  1326052736.0000               STORAGE =      378188.6875
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   570519680.0000                 WELLS =      111675.4141
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   468834912.0000         RIVER LEAKAGE =       47642.3359
            RECHARGE =  1413719040.0000              RECHARGE =           0.0000

            TOTAL IN =  3779126272.0000              TOTAL IN =      537506.4375

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =  1042192576.0000               STORAGE =       24526.5332
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =  1194681728.0000                 WELLS =      320682.5938
              DRAINS =  1467786240.0000                DRAINS =      192299.1094
       RIVER LEAKAGE =    74464368.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3779124736.0000             TOTAL OUT =      537508.2500

            IN - OUT =        1536.0000              IN - OUT =          -1.8125

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 5         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1279822848.0000               STORAGE =      384877.0312
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   561489664.0000                 WELLS =      111675.4141
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   470277504.0000         RIVER LEAKAGE =       37034.3086
            RECHARGE =  1394826880.0000              RECHARGE =           0.0000

            TOTAL IN =  3706416640.0000              TOTAL IN =      533586.7500

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =  1018964160.0000               STORAGE =       23939.9492
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =  1194497024.0000                 WELLS =      317500.1875
              DRAINS =  1432288128.0000                DRAINS =      192143.8125
       RIVER LEAKAGE =    60664876.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3706414080.0000             TOTAL OUT =      533583.9375

            IN - OUT =        2560.0000              IN - OUT =           2.8125

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00
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          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 6         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1332564608.0000               STORAGE =      391068.9688
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   579379328.0000                 WELLS =      107985.4375
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   472315200.0000         RIVER LEAKAGE =       35786.3008
            RECHARGE =  1513706880.0000              RECHARGE =           0.0000

            TOTAL IN =  3897966080.0000              TOTAL IN =      534840.6875

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =  1094182016.0000               STORAGE =       26874.6621
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =  1196609664.0000                 WELLS =      317500.1875
              DRAINS =  1535514112.0000                DRAINS =      190466.0625
       RIVER LEAKAGE =    71662368.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3897968128.0000             TOTAL OUT =      534840.8750

            IN - OUT =       -2048.0000              IN - OUT =          -0.1875

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 7         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1270055424.0000               STORAGE =      285625.6250
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       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   525792768.0000                 WELLS =      136619.0625
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   446832448.0000         RIVER LEAKAGE =       51199.2031
            RECHARGE =  1046433152.0000              RECHARGE =           0.0000

            TOTAL IN =  3289113600.0000              TOTAL IN =      473443.8750

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =   824384896.0000               STORAGE =       30673.4746
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =  1187233920.0000                 WELLS =      321319.0625
              DRAINS =  1228533504.0000                DRAINS =      121450.6953
       RIVER LEAKAGE =    48960884.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3289113088.0000             TOTAL OUT =      473443.2188

            IN - OUT =         512.0000              IN - OUT =           0.6562

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 8         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1274186880.0000               STORAGE =      343667.4062
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   537514944.0000                 WELLS =      109814.9375
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   446999936.0000         RIVER LEAKAGE =       55941.5977
            RECHARGE =  1175154176.0000              RECHARGE =           0.0000

            TOTAL IN =  3433856000.0000              TOTAL IN =      509423.9375

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =   894213184.0000               STORAGE =       26595.7676
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =  1188743680.0000                 WELLS =      323228.5000
              DRAINS =  1295391872.0000                DRAINS =      159600.3906
       RIVER LEAKAGE =    55507648.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3433856256.0000             TOTAL OUT =      509424.6875

            IN - OUT =        -256.0000              IN - OUT =          -0.7500

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00
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          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 9         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
             STORAGE =  1334383872.0000               STORAGE =      356191.2188
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000

               WELLS =   553376320.0000                 WELLS =      112933.2188
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   461460736.0000         RIVER LEAKAGE =       54506.2305
            RECHARGE =  1274216192.0000              RECHARGE =           0.0000

            TOTAL IN =  3623437056.0000              TOTAL IN =      523630.6562

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =   996977856.0000               STORAGE =       24672.9141
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =  1191684096.0000                 WELLS =      322592.0312
              DRAINS =  1374087168.0000                DRAINS =      176364.0938
       RIVER LEAKAGE =    60685468.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  3623434752.0000             TOTAL OUT =      523629.0312

            IN - OUT =        2304.0000              IN - OUT =           1.6250

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
1
****       Simulation number 10         ****
  VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD120
  -----------------------------------------------------------------------------

     CUMULATIVE VOLUMES      L**3       RATES FOR THIS TIME STEP      L**3/T
     ------------------                 ------------------------

           IN:                                      IN:
           ---                                      ---
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             STORAGE =  1441165824.0000               STORAGE =      370728.5000

       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =   608785664.0000                 WELLS =      129178.6641
              DRAINS =           0.0000                DRAINS =           0.0000
       RIVER LEAKAGE =   473989024.0000         RIVER LEAKAGE =       38531.5625
            RECHARGE =  1717245184.0000              RECHARGE =           0.0000

            TOTAL IN =  4241185792.0000              TOTAL IN =      538438.7500

          OUT:                                     OUT:
          ----                                     ----
             STORAGE =  1220117632.0000               STORAGE =       24812.5254
       CONSTANT HEAD =           0.0000         CONSTANT HEAD =           0.0000
               WELLS =  1201002112.0000                 WELLS =      316863.6875
              DRAINS =  1716330496.0000                DRAINS =      196762.1875
       RIVER LEAKAGE =   103735816.0000         RIVER LEAKAGE =           0.0000
            RECHARGE =           0.0000              RECHARGE =           0.0000

           TOTAL OUT =  4241186048.0000             TOTAL OUT =      538438.3750

            IN - OUT =        -256.0000              IN - OUT =           0.3750

 PERCENT DISCREPANCY =           0.00     PERCENT DISCREPANCY =           0.00

          TIME SUMMARY AT END OF TIME STEP 10 IN STRESS PERIOD120
                    SECONDS     MINUTES      HOURS       DAYS        YEARS
                    -----------------------------------------------------------
   TIME STEP LENGTH 5.15209E+05  8586.8      143.11      5.9631     1.63260E-02
 STRESS PERIOD TIME 2.59200E+06  43200.      720.00      30.000     8.21356E-02
         TOTAL TIME 3.11041E+08 5.18402E+06  86400.      3600.0      9.8563
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