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V	01GH#IJ�?÷�����}'�Qº#àá�qrw+�
���+

	!ff(�È&���µ¶�Òw	ÞÎ5�����À�� +�¸���

���¾¿�2º#ÍÎ��[w	��&'#�¤ÑO�Þ���e�#

µ¶ÑO��	}'01KL#�	+�� àáÄ+���f#$%&'�


qw	!"#�
�¸�	+�$%&'XY#��#0134#�Ê+�
�

Ä:��)*&':�$%&'º#[u&¹��
2/134:�Z134º

#àá¹(V	+8�wf+(�	!w����V II-1 ��w�
��ijë

$Ø#�Ä:��)*&'û¹���«��ë$#[J��g+w	}'pe'

#34�cÖ#hßñë$(X¨#/134#h�ñë$(¹��w	&'#

ó�¹+8×�����É	f+(�	! 

� ���#Þ´´¾:�ÁÂw	+�³ II-1 ��w¬9�)*&'É¹#

ñc¹:�)*&'Ä¹�:É�Þ´�À���9�"#�Ä¹XY�$%É
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y�(#/10®´#KLF.%5p345#�V� +¸�����	!

"#��1700 W':�$%&'��(V	õN#�� Þ´´¾+����	f

+�:	!³ II-2 �9�$%&':�e��:É��"��(#Þ´#¶[+

���§ñ°(Þ´�À���	f+�:	!f#'d��8	��×ØÞ
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³ II-1  ��#Þ´#¶[ 
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"#p�;Ê�#@�.í(#b]��	�ªFåæ#/��¼¬póô�2

#�/®´�»��;�ò��d�µ§�cÖb]��� )*&'+�ë

$�[�8��	@A+#j05�Ñ¼��"� $%&'+#1¾�B�Á�

�;#V	�jÅÆ(�����- ijë$Ø+×Ø5Þ´#¶[�ÄG

+� �Ä�q1�! 

 

 

2��- ¬9���#@ìÄ��J)�2���O#���,-�;£

¿�c�!w����ÉÊËdÔ��¨bB���9�"��#@½�P�#

Z1[FÞ´Àé����¯³�`����u� !"#�
�����»'

V5�Ô+�����#�-�ÓF"#p�-£#�-¢�¼½�3w	�Ó

Ô#³ II-3�V II-2(�Ì�	f+(�	!«¼#4Ä+���Ó567B��

aN�/bc¹#�ÓÔT%�8��KB� Ó9Z1�8�B����Ôì#

ÓoZ1�½�¹§5�dÔ#�K':+��	(Ví
!f#�
��Ó��

EÄF;<�½#�-£+��#-¢[�ÓÔ�; �� ÍÎ�����ë

ì½��Õ@½����µ¶5���=� f+�>�;��'d(V9��

�(ó;Ö�WXY[�2#¯µ¶ÑO��uBM���� �½(V	!�:

���ÓÔd#¯³h[F"������#¯³�`ÑO�Ò���1970 W�

�B� ¯³�`ab¡��À�+� B�Á��¡�Fy�#.ídôB

��?��(�V	"#bv²�����	! 

��(�jÅÆ(ÒÖ+w	 1800W'���w���)*&';öû¹+��

� &¹#)*#����2� 100ºÞ�»� Þ´�¥��� +�����

9�È&#:�Í÷¨¾F@Aµ¶�2�¸~w	+�e�#h�½+,q��

;:�9#Ç©-¢(V� +¸�����	!Ú)*#@ I 1è#¬v�;+�

ÙBw	+�È&#)*(Þ#@A�½#Þ´©N� 40,000ÞCkm2ò2+¶`

B��2005 W��É	��#¢(F§Þ´©Nh��#DEFG¢#13,727 Þ

Ckm2(+,qw	+� 3ë;#?H+�	!� �)*#��:�#µ¶���

e�#�FÔ�2WXY[ÑOÀ��	¼½�IJ��� +¶`B���

	�"��;::��ï�È&�ds����;@½����;gK�¯³�

k���� +B�	!B��Ú)*#@ II 2è���ð�e�#�Ó5;<�2

                                                  
1 È	
dô� ÚÛb 18 WNL)*#@�§¨w	 M�ÓÔ#×Ø5�ÊMNãä
ÅÆè 
2 È	
dô� ÚÛb 20 WNL)*#@�§¨w	 II M)*#µ¶��cÖ+
�ÓÔMNãäÅÆè 
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#�ÓÔëì%��O@½P������ f+:��QRFS9��É	�

ý�¾¿�bB��e�(���V	��T�«+�� ØUFÎF�V

)Uc�2sW�²��� !X²#f+��Þ�®´+@½µ¶°W�

x½�c���9�s½:�@½��X	«³�µ¢��k ��� f+�

����	!f#�
��f��(dô��� Ú)*#@ Iè��ÕÚ)*#@

IIè#ÅÆ�����)*¹#�ÓÔ��Õ"#¼½�sp@#«³�µx½�c

k ���E5�@ßµ¶(V� f+�YB� !"#��(�s½(#

à®´��	µ¶��#À�F@½��À�+w	¯µ¶#h[8��	e'

��f#«³�µ#x½�cZ����	+¸���	! 

f���[���jÅÆ(��ÇÈ+e'�ï�;a©N-¢�¼½��»�

ÓÔ�ÒÖ+���¼½£+@½+#ùúË�¸~�J���×Ø�u
! 

 

 

 
³ II-3  �ÓÔ 
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V II-2  �ÓÔ#\� 

Ô#n] Ô#^] Û_¯� QRn] 

1,380 km2 62.1 km3 45 m 1,734 ha 

@ìÄ`c Ôdó�¯� 5Ô8½#n]3 Ô#cB 

1,650 km 700 m 560 km2 70 km 

�a�¹# 
¼J¯¡ 

¼½n] 
¼½dÞ´ 
#Ûb 11W( 

Ô#� 

6,369×106 m3/W 7,597 km2 26,296,000Þ 20 km 

#��
���c0�¸�#2003(��Õµ¶=#2006(�2�@¸�Ýb( 

 

 

                                                  
3 5Ô8½#n]��t�5ÔX²# 6 5#bcd�eo��Ó�¹f�g9�g¯h(
#n]#� 550km2(���5Ô 3 5#i��9jk�²gl(#n]#� 10km2(#g

������	! 
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jÅÆ(ÒÖ+w	#��)*û¹:�$%�:É�#&'��É	)*#�

�+�e'#�ÓÔ¼½�SÈw	Ó�(V	!¼½+�jZm¯�2�¹�

ë��E����×¯O�¨b���	nÃ�rw!jÅÆ�����ó�5�

E¯½�ÓÔ+�
ÉÊËdÔ(V	f+:��f#�ÓÔ�
X�¹���

��bB� ×¯O��ÓÔ¼½+��ff(�h¼½+�ÓÔ@½�V�M 

nÃ��ÓÔ¼½£+��w	!jÅÆ(�f#nÃ�ÒÖ�½+��)*&'

��É	h�½�)*¼½£+w	! 

 

 

)*&'� 250 WX²;#c¹�C���"#��Þ´F0÷;±²� !

"������)*#��;"#nÃF�/�ã�2����� !�:��

)*#��#Ó�5�£½��e�#u.8#�
�o©�^�B��� �É

(��� ��"#nÃ$p(��:� !Ó�+��#nÃ(����È&

#.%p-%��q1�"�q�# rþ+�z{#ÒÖ¬���� f+

:��u.8½J�B����:� !:�ð�)*(ùu#<st�(ùu(

�u.pu¡p[Ü#g��¥��)*¢v#(�(�zw��(Þ#@A�½

�8§B��� ��8þ+��+���� �É(��:� !� �x3

ùu�x3��z{� #j¨(#8(ùuz{(�)*��B�Á���

y�x3�V9�f�;Ó�5��+���� �É(���!f#�
��

u.5�zwnÃ�ÇÈ(V9�Ó�5�ïðw	#�£¿�±²(V	!B�

��(���á�Ú)*zéz(è�2+���	�d�#(ùu#zw�½

�)*&'É¹���� 300 (ò2(V� +B��)*&'û¹+�	{kW

��� 1,679 (��(Ï�� !f#�
�)*#����1600 W':�$%¤

¥�(Ï�pbc��É�� ! 

jÅÆ(��)*&'��É	�ÓÔ¼½£#�%+���)*#��#Ó�

5nÃ�J���^�w	f+�Ù8	!"#²()*#:�Í÷F34�/#

o��»���¡5�×Ø��µ¶5��Ä:��Øw	! 
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)*#��#nÃ�J�w	î4+���XÇ#�ß�Ì�	!²�� �


��)*&'������e�#�
�Ó�5�u.8½o©�¬�B���

	�É(����)*#��#nÃ�»��V�9!"B��f�:� +�


mnV	!(ùuyFx3ùu��q�pq��2#u.g������9�

"�q�#u.7|��	z{}�B� f+:��Ó�5��ÇÈ�J97

Cøo������ f+;�;#Þ+»+¸���	! 

�:��1818#ë.°(W 8 ��q�~���j����ÚõedA¶���è

/ B� #��g+���)*#nÃ#õed+*ð�	(�»��ÁÂw

	f++�9�æ�y4 ����æ!B� !"#¬v�hW 12 ���Ä�%<

�:�öe#�s×�+��XÇ#nÃ^�B���Ä����)*#£½

³�B� #³ III-1(!f#�¦#nÃ��x3u[�#x3�]# �#��

�ÏÉ	f+(�	nÃ(+���#�PûF��#(å�2�a�����

��� �y(#ÒÖ+�	nÃ�ò�������Ä¹�T���²¯���

��¹(�s�q�¹<����¹p��*¹Ç¼#y�¹F¯�����Ã�

� �½+B� ! 

���³ III-1 #�Ä(�B� nÃ��¦+����(ùu#z{w	�½+

B���	!f#nÃ��$%¤¥� 1878 W�ôuB�	�8(F�¡���

�J�B�	�Ó¢# 15 8+ò+C2hÀ(V	5#�(8���8�ij18�

Ó18��8���8�P 8�@k8�¡�8���¹8�j¢8�Çk8�

O£8�jy8��¹8(! 

jÅÆ(��1818 W#õed�¦³�°�)*#��#nÃ+������GIS

²(¤
f+#(�	��(å��� �O¥�¿·�¸+��·�¸z[�u

� !³ III-2 �e�#U��²��¦nÃ+@ìÄ�³�� ;#(V	!@¸

+� �ß��sõ@¦j%#1880#$% 13(W§1886#$% 19(WKu(�Þ

ë3#1966(�
�2�2�Ô��B�#2004(�� �d��¥¡B� ��·

�¸����:»e�J ���ó»#�¨³(V	�< 6 W³s#÷¨�sõ

ã©÷ª�¨³�2(V	!B���e�w	»�³�<*#2000b(�2#�ß

�;+��¦d#:�Í÷#·�¸[�u����·�¸��»e�J ���

                                                  
4 ,ùu#x3p(p«�ùu(©+���¬�®¬w	gù!:�ð:�#¶O¯
��°�¯��¯¯��2�¤� !� ��t#�Q±´�²@³j�ùw	;#�,

ùu#yznÃÇÈ�J9ÑÀ���	'´�2#�m�,ùu#Ç?m!����

�Äp�q�;>µ��æ�y(¬!B�	! 
5 e�#u.8J#e'�8pÄþ8p58p¥¶8pëÓ8p·�8p��8p)�8p
�¹8#�%pq�8#�%p¸k8psÅ8p�8#�%p¹18#�%p�¹8 
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ó»#�¨³(V	�< 6 W³s#÷¨�sõã©÷ª�¨³�2�÷�� GIS

²(¤
f+#(�	��(å��� �O¥�¿·�¸+��Ýb� !f�

�#bv³ III-3 ��� ³(V	! 

 

 

³ III-1  )*�¦³#1818#ë.°(W( 

# ¹: �Ó-�ëçi HP( 
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³ III-2  �¦³��	)*-¢£+@ìÄ 
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³ III-3  )*�¦d#:�Í÷ 
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j�(��jÅÆ(ÒÖ+w	�ÓÔ¼½£�»��×Ø�u
!³ III-4 �e

�#�ÓÔ¼½¢(F��� ;#(V	!P�Ã(�� nÃ�¦³�;+

�jÅÆ(��� �¦³�;+�� )*#��(V9� Ã#½���È&

#@ìÄ(V	!� �V III-1 ��e'#¼½n]��ÕÞ´��� !�Ó-�

� ¹F�eoF�DEF# 1 - 3Fn]�Þ´+;�ò+C2�����	! 

)*&'��É	�ÓÔ¼½+��)*-¢£#�¦d(�s�e�#�ÓÔ

¼½�Ò½� )*&'#hnÃ+��)*¼½£+*àf++w	!f#)*

¼½£�e�#�ÓÔ¼½:�$%XY#�]�n]�º� nÃ+w	! 

ff(�)*¼½£+e�#�ÓÔ¼½£2#�
��Ê�Ë��� :�

$%&'XY#�]���	�¨�[�»���+�	!³ III-5 ��$%&':

�e��(#�ÓÔëì%#�]�#�Ê+�¦³�t» ³(V	!)*&'

#@ìÄe��9:�9¼����	���V	f+�:	!½�c+��

�	�³���:��.# 5 º×# 1 ÷ª�¨³#$% 36§45 W¥¡((V	!

h³�9�$%��Õ�<¹�©��ÓÔ#Tm(����]�����	f+

�:	!� �e�#�Ó5;<���� 40 W:��� 50 W'���2�e

�#o��}�����9�)*#��:�9ds�J�������	�


��À��	!�ÓÔ���\Ãw	+��� 40 W'XY��]'1+����

ã�u�� ý��:	!³ III-5 (;�B���	�e�#ëì%�V	)

�8�Äþ8�58��¹8�2�:�9#%×��]��� �½(V	f

+�:	! 
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³ III-4  �ÓÔ¼½ 

#¢(FO·�¸� 2005W 3 �e�( 

 

 

¾¼½¢(F 
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V III-1  �ÓÔ¼½#n]+Þ´#2004 W( 

 

-Ft 
-F 
n]6 
#km2( 


�¼½

n]7

#km2(

�m 
-FÞ´8

#eÞ( 


�¼½

Þ´ 
#eÞ( 

�m 

�Ó- 2,102 1,776 19.2% 12,524 12,139 41.8%

� ¹F 2,416 713 7.7% 8,644 5,283 18.2%

eoF 4,996 2,785 30.1% 6,015 4,749 16.3%

DEF 3,767 3,546 38.3% 6,997 6,840 23.5%

¿ÀF 6,096 23 0.2% 2,992 10 0.0%

�ÁF 4,201 418 4.5% 881 39 0.1%

m` 23,578 9,261 â  38,053 29,060 â  

 

# ¹: �:Ñ¬=ù���67��ÓÔ¯µ¶á`J#Â(( 

 

 

 

                                                  
6 ÚÛb 16 W ��-{eF¢8(F§n]ãè#�:��.(��	Ûb 16 W 10 � 1 
i&Ä#Ã�#¢8(F§#H 
7 ¼½�ù_w	¢(F#��n]�����	 
8 y-F#ÚAvqj·.è��	Ûb 17 W 3 �ûe�#H 
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³ III-5  �¦nÃ+$%XY#�ÓÔëì#�]� 
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jÅÆ(��e�#�ÓÔ¼½#:�Í÷�»�� GIS �÷���Ø��:�

Í÷¨¾§�n]�¶`� !V III-2��)*&'#�¦d��Õ)*-¢£�

e�#�ÓÔ¼½�ùw	n]�»���+� ;#(V	!e�#�ÓÔ¼½

�»����2006 W#Ú�:?H(å :�Í÷Ä×���Úh 1.1 ªè�÷��

¼½gn]+V III-3��� 4�p#:�Í÷8×þ+#n]� GIS��9¶`

� !"#¶`H� 7,692 km2ò2(V	!� ��ÓÔ¯µ¶á`J#Â(#�

:Ñ¬=ù���67��2006(��	+��ÓÔëì����$%&'XY�

��]��� �½#gn]�� 250 km2+B���	f+:��V III-2 ���

 �
�)*&'#)*¼½£#gn]�u�	+ 7,442 km2+�� !�¦d:

�Í÷n]�»����³ III-3 # GIS ·�¸�9¶`��V III-4��� !  

f��#·�¸�Í÷��e'#�ÓÔ¼½:��ÓÔ�¼Jw	µ¶���

¶`��)*&'����;h¼½#nÃ�»��×Ø�u��e�+#,q×

Ø�u
! 

 

 

V III-2  �¦d:�Í÷8×+n] 

-. /0 12(km2) 

&' 169  
1843- 

��3% 7,442  

4563% 7,692  
2000- 

789:;<� 250  

 

 

V III-3  �ÓÔ¼½#:�Í÷8×+n]#2006 W( 

2006(H18)W � ¢ª� �¸ "#p m` 

¼½n](km2) 857 2,517 2,563 1,756 7,692 

#�:?H(å :�Í÷Ä×���Úh 1.1ª�9¶`( 
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V III-4  �¦d:�Í÷8×+n](1843 W) 

Index :�Í÷8× 
n]â

(km2) 

1 )*À 

2 öe÷� 

3 �tÅÆ 

4 ÇQÅÆ 

5 (Å 

6 F& 

7 �3pÈ- 

84.68  

8 /�pÓ� 70.71  

9 QRâ 6.76  

10 É�â 0.37  

11 ¯½â 6.71  

m`â 169  

 

 

V III-5 ��1843#{k 14(W#Þ§.��	)*¢Ä#Þ´#¶`H���

 ;#(V	!²�� ¬9�È&#Þ§.(�(ÞÞ´#·�¸�ïð(�

	�ÇQF�Q�"#p�»��#Þ´�»���h·�¸�s��ï��

 �p#�ß�;�Êú�����!dË#1966(�2��	+�ÇQF�

Q�"#p#Þ´��(ÞÞ´+ò�h?(V	+¶�B���	!� �

��V III-2-2 #Þ§.·�¸�9�(Þ#(��â�(Þ�x3j¨(Þ� 

ÌÞ#m`(Þ´� 587,458 Þ+B���	f+:��jÅÆ(��{k¹#)

*¢ÄÞ´���" 110ºÞò2(V	+��hV��� ! 
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V III-5  )*¢ÄÞ´#1843#{k 14(W 7 �( 

(Þ â  (��â�(Þ 479,103 

â   x3j¨(Þ 74,154 

â    ÌÞ 34,201 

â  â  m` 587,458 

ÇQ 
�Q 
"#p  

â (Þ+ò�h? â  

â  â  ¶` 1,100,000 

#(ÞÞ´# ¹: {k 14 WÞ§.( 

6

  j�(��)*-¢£��É	01®´�ÍÄÈ����È&#34�/

�!�»��×Ø�u
!�ï���µ¶:��©� �ª�éZ��¥÷�

	�0w	à01�»��\Ãw	! 

)*&'#01®´�»����:�ð0�q§F�½§#0¡FÎÏ

Ð�2�e�#�
�: �(6�B� 0«#·�¸F-`�ß�×È 

���!)*&'������5�0«#ãäÉ��u�� #��1735 W
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�

0«Ú�� :�»��ÛÄ�ãä��"����Ê� ;#(V	!��

5���)*��Õ"#;<�½#� 20km#nÃ(��É	B�Á��0«#/

0«�Ü£bp�°Ýp�Þß�àßp�áp�âKp�2(#·�¸�E

`����� ;#(V	! 

�:��X²�Ì� �ß���ï�;e�#�
�0%jF"���	



- 26 - 
 

0a�2#·�¸�+�����	�É(��� ��jÅÆ(u���
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�É#}'5-`ãä��	0-`L$% 7 W eF«0VN#1874 W(:

�·�¸�÷�	f++� ! 

jÅÆ(ÒÖ+w	01·�¸�V III-6 ��� ¬9(V	! 

 

V III-6  01·�¸#1874 W( 

=>	 ?=@ AB	

CDE 9,098 F	

GHE 108 F	

IJE 3,018 F	

KE 78,753 F	

L=	 1,002 M	

6

6

 

)*&'�������/5pµ¶5�t�� ��v ��� B�Á��

Î���z�cÖ��� +¸���	!jÅÆ(��s½��É	Î��

�z�cÖ#ã5#á�ª[(+�s½+@½�� 	«³«���ä�

J��ÁÂw	!j�(�©�s½��É	-¢Av#ã5Î���z�ÍÄ�

È�	! 

)*���i÷�#å�FáÍ÷�æ#·ù�Ì	�(B�Á��1û��

��� !f#�
�1û#���w����P�ç��ðÎ���z01+�


f+(�	�f��b]��� f+���wX�è¥Mï�åé�

w	�2�	-�c¹�Aê�ö÷��B�����Ý9áÍ÷w	+�
¸�

��ëì��� +��	! 

�Ó-�#1967(���ð�1723#Ök 8(W#)*������³Åp»ÂÅ

 5,758 í�»{�Å� 3,068 í�»jÅ 2,013 í�2�»«îùú 10,839í

;����� +B�	!"#p�;�ïðÅ�2B�����ý�?��#1

ûV� ! 

:�ð�ïð·ù1û�ï©�øÉ�ÒÖ���� �É(��������

� j�©�F»Â�»��2�ò+C2V�ì	����ñ��©9¦�� 
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� .ô�2#©ï��°È�ç0(ñ�©� !»ïÑÅ��»ï�ïð�6

×É��©+��õ�Ûw1û�ö� !e'#ï��1�Î: 2 �ÎX��#c

B�:���z�#÷¤((���	�ø-5��ï� 10 �ÎX²;#c�¼
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"# ��y�#»ï�E��yÐ�����9ï:�Çaùý÷ï�(ý��

áï�õ�Ûwf+(� ! 

f#�
��)*34#Î���z�b]BM�� ú���+���XÇ#

�
�f+Ì����
!Þ+»#©��»���0:�óôøÉ#�«0

cøÉ(����û��ù��;Ò½w	ijrF¼¬������B��á

Î#¢�b]��� !� �©�"#;#Î���z�°� �³(0

B��� f+;t�(V	! 

� �)*#Î���z�ù��'V5�;#+��Ì���	#�)*#

����É	®û#ã5�;<#/ü�#Þß+w	 ��·ù��áÍ÷w

	+�
�cÖ(V	! 

 !#2002a(���ð�)*û¹#)*#��������W�V 9 10 Þ

�ýw	ã5¡��jß×§,×ò2#H»É�� +B���9�=�á

Bw	+ 100kg ×����SÈ� +�
! 

� ��ä#2000(���ð�)*#��#Þ´� 100 ºÞ+w	+�W��

43.8 º)«Î��z#ã5)*#����:�� B� (Ví
+¶`B�

��	!jÅÆ(��)*#Þ´� 110 ºÞ+¶`��f��Þ´·�¸+��

ö÷���	f+:��hý�`Bw	+W� 48.2 º)«Î��zò2� B

� +¶`B�	!�ï��M��f��#)*¢v:�� B�	ã5�×t

��ª+8�B��;</Q�+���äþ�2#Ý«#�����%�Þß+

��Í÷B� !)*¢Ä��É	ÇQÅÆF(Å�2#@A�½����8F

�«þ+�"�q�¬�� /Q»��¥���	ã5·ùu���ÇÞ#Þ

ß(+��/F�½(áÍ÷B� !©�)*#;<%#/Q#e�#��k�

PÔ����2(·ù# ��y�8�·��� !/Q��
ã5#'j

��(Å#cÅ�»����Q#ùJ+�� !f����Q�+������

ùJª+���� f+;V9�f#'j?��a�w	�2�ã5·ù#|

ÍFÏñ#H	�»��¯�\f� f+;��9!·ù�»����/Q²

Ôu
ò:�ij#ùE1û����dôB�	f+;V� !)*¢Ä(ã5

                                                  
9 :�ð�1789#
.°(W���)*;<#/F 1,016 �F
¬��)*#ÇÞç0
� 50 W¨#¯°�(¦�Ç�	�
�Ñ���deBM !"#p�1843#{k 14(W�
1867#ñ½ 3(W�2�;hý#´�V� ! 
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	�2��y�ºüC(� !ü��Þ#f�à»(+*�B���T�½

:���Z�� f+;V9��T�2+;*ð��� ! 

;�íC�È&�)*#®û#ã5øÉ(����"�XA�;&oFQû

45����°Þ�2#Þß+��#��a��/F%����Í÷B���

 �)*#��#Î���z����-¢µ¶gK�k � f+�E��

²���!� ���jÅÆ������)*34#Î���z�cÖ+�

��)*#®û#ã5Î���z+Qû45#Î���z�©9²�	f++

w	! 

 

f��(��� )*¼½£��É	Þ´:�#µ¶���®¿���:�

Í÷:�#µ¶���nª¿���"��01��	µ¶���0¿��+�

��ù_w	·�¸�9)*¼½£#µ¶��g¡�¶`� !ÒÖ+w	µ¶

��«³��T-N#Total Nitrogen��ÍT(�T-P#Total Phosphorus��Î�(�COD

#Chemical Oxygen Demand�[¨5ST�u¡(+� !"�q�#µ¶��«

³#���Ú���ijÇ¯{ö4#2001(��@¸���^�� ! 

� !gm§¨GH4!#2005(��	+�1935#�� 10(WÈ&�ã5��

	®¿��#� 80%Þß+��/ü�ºú°B��� +¶`B���	f

+:��h�ß�@¸+���jÅÆ��É	)*&'#ã5Î���zð� 80%

+ü�� !� �û0��	ã5;õ��+ü���®¿��+hý#w

´+� !û0XA#01%j�ù����ij�uãä�� (1975)�ij�u 

(1986)�g�=-`� HP�2#·�¸�;+� 1874#$% 7(W+ 2000#Ûb

12(W#óôû«ç�B � +fí�� 7,727 ë+�� !f��q1�!e�

çH�áB�����Ú���À	f+(¶`�u� ! 

���[ð���:GH.ígmÅÆy#·�¸�@¸��� 40%+^��`

B�u
! 

X²�9!V III-6�V III-7�V III-8 #¬9µ¶��¡#¶`H�B � ! 

� �V III-9 ��e�#�ÓÔ¼½��	��¡+)*&'#��¡+#"�

q�¶`H�,q� ;#(V	! 
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V III-6  )*¼½£#®¿�� 

78 NO(N) 9:�;
PQR?S

(ton/year) 

3%3TS	

(UVWXYZ

80%, ton/year) 

4563[S	

(\]^_Z

40%, ton/year) 

T-N 4,497 899 540 

T-P 530 106 64 1843 - 1,100,000  

COD 11,041 2,208 1,325 

 

V III-7  )*¼½£#nª¿�� 

78 /0 9:�;
PQR?S

(ton/year) 

3%3TS	

(UVWXYZ 0%, 

ton/year) 

4563[S

(\]^_Z

40%, ton/year)

T-N 347 - 208 

T-P 25 - 15 
&'

(162km2) 
COD 1,359 - 815 

T-N 3,113 - 1,868 

T-P 243 - 146 

1843 - 

3%

(7,442km2) 
COD 19,849 - 11,909 

 

V III-8  )*¼½£#0¿�� 

78 => 9:�;
PQR?S

(ton/year) 

3%3TS	

(UVWXYZ

80%, ton/year) 

4563[S

(\]^_Z

40%, ton/year)

T-N 23 - 14 

T-P 2.2 - 1.3 

CD�G

H�IJ�

KE COD 212 - 127 

T-N 106 21 13 

T-P 18 3.7 2.2 L= 

COD 194 39 23 

T-N 129 21 26 

T-P 20 3.7 3.5 

1874 - 

`a	

COD 406 39 150 
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V III-9  )*¼½£#s½��#ton/year( 

PQS	
78 /0	 9:�;

?bc 1dc ?=c 
4563[S

T-N 540 208 26 774 

T-P 64 15 3.5 82 &'(162km2) 

COD 1,325 815 150 2,291 

T-N 540 1,868 26 2,434 

T-P 64 146 3.5 213 

1843 - 

3%(7,442km2) 

COD 1,325 11,909 150 13,385 

T-N 59,939 6,446 20,833 87,219 

T-P 5,531 772 2,977 9,280 2000 - 3%(7,692km2) 

COD 64,798 44,972 31,554 141,324 
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+�$V9�máB( 1.06 m��	!e�#g¯h#qj¯°n� 1.10 m#�

ÓÔ¼� 1.2 m�g9 1.15 m�AÔ 1.0m((V9�e�#�90 �#2006 W(+$

% 26 W�90�#1�ò+C2��!X²#f+:��@³��¡5�Ø�ö÷w
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³�`^�(V� �� 30 W'��¡¡ó�+����	!� ��¡·�

¸���¡O÷¡¸~B�������1¡�&+�1|¤¥&#�1V
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'V���	+¸���	! 

$%¹fí�(�ý�°Ýp����� ��<:���É¹�:É��¡

��¾�P���	#V IV-1��Ó-dÔ�1lQØ*u4�1971(!�ï�Ô

UcF�Q½���Ï#yÎ#*�(���½�2añ#R°��¡B����

9�ñ�U����Q�#�
��ñ#R°�+)°�¡B�������	!

� ��1|¤¥#²¨#�� 35W(�
�p;�¡B�������	!67

p�!8p#,�;×��	�5p��¡pPB���	!e�(���V

	���� �×����°Ý����zU
Ð����c��½Õ�(V	!

È&�¡B��� +B�	�½Õ���e��ÓÔ(�¡B�	��ÔQ�½
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w	Ù½FØL�cS)��È&(;�����	#V IV-2(!$% 33 W#1900(

���«Ï� 2 ��¸� 3 ��� $% 38W#1905W(��«Ï��¡�
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V IV-1  )*#@��É	y°Ýp#�¡p�pPB� ó�

W#�Ó-dÔ�1lQØ#1971(�°�Ýb( 

<= >= ?@A BCA DA

�EFG7 HI�

JKLM NOP�QRS�TQP

JKFU7 NV

JKFW7 IXY

JKGG7 ZP[

JKG\7 [RS�QOT

JKG]7 N^��S_ QQS`a`bQHcd

JKGe7 Nfg�h��Xi�� XQR[�j[�kl

JKmG7 XRYn`cd

JKmm7 QTol IXRk

JKm\7 TPbi

JKmW7 _Vpq�Q�XH�Q p�I�r
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�
Fs Gs ms

Fett uP mUv QOTA Gmv bR� tv
FtUU uP mFv pqSQ F]v wQ FFv
FtUF QOTA m]v uP F]v pqSQ Fmv
FtUG QOTA GWv uP Ftv pqSQ F]v
FtUm uP G]v pqSQ GFv xy F\v
FtU\ uP Gmv QOTA GUv pqSQ Ftv
FtUW pqSQ G\v uP GGv ZP[�HzQ F{v
FtU{ QOTA eWv uP \v bR� mv
FtUe uP \{v ZP[�HzQ Fmv bR� Fmv
FtUt uP \ev ZP[�HzQ F\v xy Fmv
FtFU QOTA {{v uP tv ZP[�HzQ mv
FtFF QOTA ]ev uP FUv xy Wv
FtFG QOTA W\v uP FGv xy FUv
FtFm uP mUv bR� Ftv xy F]v
FtF\ uP G]v bR� GFv xy Fmv
FtFW uP G{v bR� GUv xy FWv
FtF] uP Gev xy Ftv bR� F{v
FtF{ uP \Fv bR� G]v ZP[�HzQ ev
FtFt xy mWv bR� F{v XRk FGv
FtGF xy {Wv uP {v bR� ]v
FtGG QOTA \mv XY mUv uP tv
FtGm NOP m{v bR� G\v uP F{v
FtG\ QOTA Gev XY G]v bR� Fmv
FtGW QOTA mmv bR� mUv uP Fev
FtG] ZP[�HzQ Gtv uP GWv bR� GFv
FtG{ uP m{v QOTA GWv bR� FWv
FtGe uP WFv ZP[�HzQ FWv QOTA Fmv
FtGt uP WFv ZP[�HzQ FWv bR� Fmv
FtmU uP {Uv ZP[�HzQ F]v QOTA {v
FtmF uP W\v bR� Fev ZP[�HzQ FUv
FtmG uP m\v XRk Fev bR� Fev
Ftmm uP mUv bR� F{v XRk F]v
Ftm\ uP \Gv xy Fmv bR� FGv
FtmW uP m]v bR� GGv xy FFv
Ftm] uP mWv QOTA GUv bR� Ftv
Ftm{ uP G{v QOTA G\v bR� GFv
Ftme uP mFv QOTA Gev bR� FGv
Ftmt bR� Gmv QOTA GGv uP GUv
Ft\U bR� mFv xy G{v uP F{v
Ft\m �|h GWv xy Fev TPbi F]v
Ft\\ uP Ftv �|h F{v xy F{v
Ft\W uP GGv �|h Fev QOTA F{v
Ft\t } } }
FtWU uP Gev xy GUv I�w F\v

FtWF uP G\v xy Ftv I�w FWv
FtWG uP G\v xy GFv I�w FWv
FtWm uP GFv �|h GFv I�w F]v
FtW\ xy GWv �|h Ftv uP F\v
FtWW xy GFv �|h GUv uP F\v
FtW] �|h G{v xy F{v uP F\v
FtW{ �|h {ev xy ]v uP \v
FtWe ZP[�HzQ \]v xy GFv �|h FGv
FtWt ZP[�HzQ Gmv xy GGv �|h GFv
Ft]U xy Gmv XRk GGv �|h GFv
Ft]F XRk G]v xy Fev �|h F{v
Ft]G ZP[�HzQ GGv �|h GFv XRk Fev
Ft]m �|h Gev ZP[�HzQ G]v XRk GFv
Ft]\ �|h mev xy GFv XRk GUv
Ft]W �|h Gev ZP[�HzQ Fev bR� F]v �

V IV-2  °p�¡¡#}��²� 3�+°p�¡¡���	�m 
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�Óe#�¡¡·�¸:����Ó-�1|#¤¥¬�B� 1962W�t¡

Ú�#�¡¡�2��+����9�Þ�®´#À��m�M	�p#Àé�

��#³ IV-3(!Þ�®´+,:���¡Àéw	�±���%°p�5p+�

���êÎ�×���6�5p(^�(V	!5p#�¡¡#ÍTáB¡(#�

´�Þ´#¶[+��Ò½���	!f#�#Þ´�P2(#,��UC(�200

ºÞ:� 1,000 ºÞ»�Àé���	!¨�#+�9�f#�#�1V�û?�Þ

´+�Ò½����� ��f#�¡¡#À���Þ´Àé�+;�
��¡#

À��Ò½���	;#+¸���	!5p0���	qD0¡�ÍTpÎ

��2#XYX#/�¡�W����¹#¼Jw	�´�}(�XYXX�c��

s½:�Kw	ÍTpÎ�#��¡+¸���	!�� 9 W#1934 W(���

êÎ+5p#ÍTáB�¡¡�m`w	+ 1,300 ��(V9�f��È&#�ÓÔ

�½#ÍT¼J��¡#ê×#��SÈ��¨3�(�B B� 1843 W&#s

½�¦�nÃ:�#¼J��¡#774ton/year(# 150%�K��¡# 60%�SÈ

w	!f#f+��1843WÈ&#¼J��¡(���� 30W'#5p#0�¤

�(���f+��Yw	!f# ��Þ�®´��	��¡#À�5pFê

Î#«0#À������ +��	!êÎ#0�P¨#Þ´Àé¹#

1930 W¨��2��+�	�P�0¡� 1910 W'#¯°��(&��C(�

	!���5p�Þ´Àé+m�M�À����	!ò+C2#5p#�¡¡

Þ´Àé+Ò½×��	�Ô)�ØUFÎ#�
�5p�¡¡#ó¼¹��

³ IV-3  �Ó-#Þ´¶[��ÓÔ¼½��¡+5p�¡¡.
¼J��¡��:Ñ¬=#B ¬v��	! 
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400 / 4

200 / 2

0 / 0

1000/10

Þ´�ºÞ�ZÍT��¡#104tonN year-1( 5pZêÎ�¡¡�tonN year-1�
400 /1200

200 / 600

0 / 0

êÎ

5p
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¡¡ò+C2���� �pV	!,�� 5p�[¯�(V	!�¹¯Ä

#��«³���´%(�@¯+\Á��T]B�	 ���¹¯#�m#a�

[¯½(#²�K°��pò2��«³#ÍÎ�ÏÉFw�+¸���	![

¯�#,����«³��#ÍÎ��	;#+¸���	!� �����êÎ

;[¯�(V9P�#��«³#¼J#ÍÎ��9�¡¡,�� ;#+¸�

��	! 

1899M1965 W#ÍTáB�¡¡(��5p+����êÎI7���	#V

IV-3(!����êÎ#ÍTáB�¡¡�ó�(; 64 ��(V9°p#ó��¡¡

# 6 ���à!P¨������êÎ#�¡¡��P���5p+^à��

�	!�¡g¡�ó�( 1,314 ��(V9�È&#�ÓÔ�½#¼J��¡# 1

�õN(V	!f#�¡¡��Ó-#8#;#(V9�eoF�� ¹F#�¡

¡�Ó-+IJw	�ã+ü�w	+�ÓÔ�½#�¡g¡�¼J��¡# 3

���à!e�#�ÓÔ#�¡¡�K��¡# 1%õN�¼J��¡# 1.6%õ

N(V9�$%¹#�¡�¬À s½��#Î���zð�����a�!e�

#�1��	@½º¼Jw	ÍTpÎ���¡#·ùð#�Ç��ª#�¡è¥

+����	!��É¹�(���Þ�®´À�w�ðêÎF5p#�¡¡

²J��f��©9²�	@ps#Î���z�cÖp]��� +��	! 
�

�

�

�

�

�

�

�

�

�

~�� ��� ��� ���
��� =A e]W�] FU\W�F m]me�U \G�F
���������� ?@A \Ue�W ]U]�W GGme�F Fm�]

DA eWtm�{ F\GmG�U {\m]e�m G]U�G
XNpN�� \GFW�F ]mG]�F F]e\W�] tGU�e

������� =A G]�U mF�\ FUt�F F�m
���������� ?@A ]�F t�F mm�] U�G

DA \m�G {F�W m{m�{ F�m
XNpN�� Gt\�G \\F�] FF{W�e ]\�m
���� met�t \em�t FmF\�G \�U

�.9:�� =A Gv Gv ev Uv

����� ?@A Uv Fv mv Uv
DA mv ]v Gtv Uv

XNpN�� Gmv m\v tFv Wv
���� mUv mev FUGv Uv

V IV-3  1899-1965 W��É	�¡¡�ÍTáB�¡¡��Õ 1843 W

&#K��¡�Òw	�m#ÄþH�Û_H�ó�H�Õó�H 
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³ IV-4  5p#�§�¡¡#�Ê+Û_H�ÄþH�ó�H�
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�ÓÔ�½���w	ó»#@³ w90���$% 26 W#1893(�KuB��e

�U��«(zÖ�ùÊB���	#³ V-1(!f#@³�»���Ì�<�u

��@ìÄ+¯�#·�¸z[�u� ²(�ó¥#@³#KuW 2006 W(�9

·�¸+,q�u� #³ V-2(!  

�ÓÔ���m#@)Tm#@)+,q��¯�_â?��T%ëì½�

�¯�m`XO#OcP��� #³ V-2(!e�(;f#�±�pP(�	!

f# ��Tm(�O@½²��!«��B�	f+(��]��u���

m(�QR²��!«¨bB��� +¸���	!�]���9�T%�Ä

G� 5mXO#Oc�%×óZ���	! 
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³ V-1  1893W#@³#�%+ 2006W#�ÓÔ#@³#w90�( 

³ V-2  1893W��Õ 2006 W#@ìÄ+@)�¨â
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e�Ó5�}���@ì�¨ao�bCø 5mXO#¯½����a��1

0�¤���� #hc�(!f#¯½#�1èbp��]���9óZw	�

(#Çõ�»�����Ó-dÔ�1lQØ#�Ó-dÔ�1lQØ*u4�1971(

�ÛÄ�deB���	!f#Ä(�e�Ó5#��w	�4¹�´#eÓ95

�}(:�÷)*¹�´#e�T�}(�¬àÄX�#¯½��Ó-dÔ+��

B��5pp�½Õ�p�x
Ð#K��(V9«0a:� +B���

	!�Ó-dÔ���)*¹�Ä¹�!�¹��4¹#f�¹¼J�#e�(

��)*¹�eoF,gc�}�©¤¯´��T�}��¯´#÷)*¹(+�

�z»�×:���	(��´��,h6�Ô�6�2#S³QRP��� !

f��#QRM��g³�����êÎ�0w	êÎYÁ¼C�O@½V

� ! 

6iw-�Ä��êi(���jkB��� aç+B�	¯0¥÷��

¡��¡B��� f+(V	!e�(���jkB�	����êÎ#$%

24 W��É	0¡���� 3 �(�i�#eoF#ê×#��2 �#PÅF#

�×õN�ÇÊ�:� �"#0a�����(V9���0a# 44.3î

#êÎi¦È 9jÐ 55 l#�Ó-(�11 l#PÅF(�3 m#eoF((���

�� !� �e�(���»:#�%���9��jk�+��r�B���

	ØUFÎ#Meretrix Lussoria(#$%¹#�¡¡��148.5 ��#$% 37 W(M

791.3 ��#$% 32 W(��� 18W�� 10584.5 ��#�Ê;V9�e�#ØUF

Î�¡¡i�(V	njF��É	 65 ��#2005 W�¯0>YÁ-`Wå(# 2

ë:� 200 ëõN#o���¡¡�SÈw	!�Ó-Ô¼%#@½(��1|¤

¥Ö¹�u��  ���¤¥�#�¡¡#�Ê�t
f+�(����e

oF(# 1970W¨�#�¡�ó���ÓÔ:���� +B���	!� �ë

ì�KF��¡�ÓÔ�9�	:����@½;s���ij#ØUFÎ�ò

+C2��o¾�V9�e�(�ij��(WV 9 100 ��õN#�¡¡�:

��! 
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$% 32 W#�ÓÔ��ãä(���Ó-dÔ��É	°Ýp§��#��Û

Ä��$B��� $% 41 W�©ÝB� �ÓÔ��³#/î�=-å�.¯/

�Ý�³ V-3(����ÓÔ��#���$B���	!f����	+�Ø

UFÎ��#�$���Ó-dÔ#�´�}#¯� 3mXO��: �f��!f

����Ó-dÔ#QR��É	ØUFÎ�¡¡ã�(�ØUFÎ��+��

��eoF#QR�9;K°µ¶(V� +¸���	!È&�QR#gn]��

eoF#ò
�Ó-�9�	:����#³ V-2(�eoF#ØUFÎ�¡¡�

�Ó-+ò�h�(V� !f#f+��QRn]V 9#�¡¡�eoF#Q

R�9�Ó-dÔ#ò
�	:�a:� f+��Yw	! 

X²#�
��$%¹#�ÓÔ(��¼½Þ´ 100 ºÞ�7���;���

¼����´�}#�Ó-dÔ�ÄG��d(ó;«0#a�dÔ½(V

� f+
:�	! 

�Ó-dÔ½��$%É¹�9g95�¹f5++;�Ô¼%#T%�ÄG+

����]��u���1|óZ� �� 37 WXY 50 W�(�ò+C2#

QR½óZ���	!f#&¹����ÓÔ)*¹�´#e÷)*¹�´��

³ V-3  �Ó-dÔ�}#��#×�#�ÓÔ��³#�%�éi
å<(!P�ØUFÎ����w! 
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Tp+#�}(óZ����¹#¼����´QR#ò+C2óZ���	!

� ��%#eoFëì#QR����;��]��u���	#³ V-4(! 

³ V-4  �ÓÔ#��]�#�¿#�:Ñ¬=ù���67�5ÔÓ5%�

ÓÔµ¶(å0�¸��ß( 
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â 3 ñ°¼´?H��ÚÐ��Ò�#Delft3D-FLOW model (www.wldelft.nl)(��

9�$% 26W&#@ßµ¶#áe�u� !jA·z��p¯�}��ü��ü

´¡�õs�_�s��¼A·z#k-�A·z(:��bB�	#WL|Delft Hydraulics 

(2006)(!¨�(Ú�� @ìÄ�Õ¯�·�¸�÷���¯Û�± 500 m�q²

�± 5 r#� µ¶¿(#��N(A·z�¨�Ýb� #³ V-5(!�¶O�,+

�Å��Õsg�Å�%�^���A¶O}t#ÁQy(Ú����	©� 4 ×

Q#ã��?�=� !�¶O#¯M�X×���MIRC Ocean Data Set 2005#i

j¯�ö4(�ùÊB���	·�¸�Í÷���¶O#�� 1km #nÃd(

1947-1998 W 6M8 ��¥�B� �·�¸#Û_H�÷� !É¹w´#¯M�

X×�»��;hý#û��u� !¼J�¹���)*¹�Ä¹��4¹�u

×¹#©� 4 �¹+�v¹�Y�¹�F�¹�wx¹��y¹�z×¹#m` 11

�¹�ÒÖ+���"�q�#¼¡��2�ÅÆ#ß{��2007�µ¶=�2007(

��9u���

��	WÛ_¼

¡HV	��Û

¯¼¡H�÷�

 !|½��c

����ÓÔ#¿

N��É	}~

#'V5�H�

=� #}Ë�

2007(!¸�Öc

�� 6 �+�

�  1 :��`B

�dô� !̀ B

w´#���V
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u��5p#R±��ÒÖ+��Ôd#×�Çõ�ã- !��#äJú��

����ÓÔ��³��$B� �Ó-dÔ#ØUFÎ��#��c+,gc�

eeo5�Y�¹�´�bcdQR�rdQR#eoFm#��c# 2 ��c�

»��`B�u� !��#äJ&���Q#�Q+���2 ���#×��B 

� ! 

 

 

V V-1  `Bw´ 
aefg 	  	  AB '�h 

ijk $l 500 m MIRC Ocean Data Set 

 mn 5   

aeop time step 6 sec  

 duration 30 day  

qr3S str 38 m3/s uvwx2007y 

 z{r 80 m3/s uvwx2007y 

 ��r 75 m3/s uvwx2007y 

 |r 65 m3/s uvwx2007y 

 }~r 20 m3/s uvwx2007y 

 �~r 3 m3/s ���x2007y 

 �{r 2.5 m3/s ���x2007y 

 ��r 3.12 m3/s ���x2007y 

 ��r 6.5 m3/s ���x2007y 

 ��r 1 m3/s ���x2007y 

 ��r 4.37 m3/s ���x2007y 

���� $� 18 � MIRCx2005y 

 �� 34 psu MIRCx2005y 

 �� K1,O1,M2,S2  ����� 

�ofg $� 20 � MIRCx2005y 

 �� 32 psu MIRCx2005y 

��� (1����X� 114 J/m2/s  ¡x2007y 
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`B(���Q�Q��
¯�#�´�áe(� #³ V-6(!`B�" 30 i�

#Vr#¯M�X×#×��³ V-7�³ V-8 ��w!¯Ma��X×#��@½

�Ó-dÔ�¨bB��f#aM�X×#@½��¯M�X×����[w

	«��#¯M 23°�X× 25 �}#½��(��98§(�	!«����

�Ó-dÔ½#J9´�}��4¹�´:�)*¹�´�%�:É�¨bB��

��Ä 8M10`#��Ä�"��¨bB���	!)r����;�«���h

���pP(�	#³ V-8(!  

â ¯M 23°X²�X× 25XÇ#¯U��10 m3/sX²#�¹¼¡#¼Jw	�Ó-

dÔXA�¨bB���!f#«���8W��	aMp�X×#¯Ud�Ø

UFÎ��s�����#×���«��#¨o�"���	#³ V-4�³

V-7(!e�(��f#@½��QR�ò+C2��Mï��ÓÔ#ØUFÎ�

�� f+�¸~w	+�j`B¬v�[¯ËQR#t�Ë�����	!'d

d�#¬v:���ØUFÎ#�§5��§5�9;aMp�X8�°<��»

f+�B���9�f#@½�ÓÔ��#Ò�+��g���� f+�

����	! 

³ V-6  `B�":� 15M30 i#¯��´ 
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³ V-8  30 i�#)r¯M#�(+X×#�(#×�#30i�( 

³ V-7  30 i�#Vr¯M#�(+X×#�(#×�#30i�( 
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ë&`·9�µ+�ý½pP(�	#³ V-9(!  

 
 

 

 

â ��t�#¬v(���Ó-��³�d:� �Ó-dÔ:�¼� ��c(

�����Ô���P9�eoFmQR:�¼� ��c(��%ëì�ë�

�Aßº¼ ���	#³ V-10(!eo5;<(���#ýþ×���0��º

³ V-9  Vrh 1 r#`B¼´+�� 4 W#1929 W(#�*@ß�Ö·

��	d¥¬v#�*@ß�Ö·#1931(( 
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