
���������
	���
������������������������� "!#�����
����$��&%'�
����(�)*�
�����(��&+ ,.-0/213+ 4
576�89%'-0/;:.-0�*�&��-0<��=4;>?-0�@4�6�89ACBD5E13+GF010�&��6./;H��I5
J?KMLONQPSRTPDKMUWVIX9PZY�PDKM[�P@\^]�_`VIX9a�bca�dMegf
Uha�ijKgY�X9_ck9[�alKMUh\Cm
nporq.sEt&uwvMsx�B&-�y@z&-h1
4;+ 6.�{8|/;6.>}4;B&-�4;+ 4;~ -�+G1��W<&/2��:.>W�=4;+GFr<���/2��<&B&/2�.13-�6�8�4;B&-�8`��>?6.z�1��D�'���"6.�&-�B&-h��/�4;B&-�13B���<M-�6�8�" E/;z&>7�h��� �����W�Z-W<&zE4�+ 4�4;6"-0>?<&B��.13+ �0-?4;B��=4�4;B&-7�.F�6.z�1
4;+GF�+ �E8|6./;>W�=4;+ 6.�Z:@�=4;B&-0/;-h #H�+ 4;B����Z6./2 E+ ����/;5BD5E E/;6.<&B&6.�&-�1
4;/;-h��>?-0/�+G1r13zE�7F�+ -0�@4�8|6./r E-0<E4;BS-0~G�.1
4;+GF�+ >W��:.+ �&:W4;B&-�13-h�=���M6�434;6.>��M-0�&-h�=4;B*��+c� -.��6.�&-�F0���:.-�49 E-0<E4;B?13-hF�4;+ 6.��1�6�8&4;B&/;-0-�>?-h E+ z&>�<���/2��>?-�4;-0/21*/;-�8|-0/;/;+ �&:�4;6�-0~G�.1
4;+GFCH��I,.-h1��`13z�F2B��.10�I-.� :�� �.�D�D���M�3��/2�=4;+ 6��Aw��+ >?<M-h &����F�-����� W E-0��13+ 4
5.�D6./w4;B&-0+ /'-hy@z&+ ,=��~ -0�@4212���9���W+ 421C4;z&/;�W4;B&-�4;B&/;-0-�+ >W��:.-h1�F0���W�M-rF�6.�D,.-0/34;-h �+ �@4;64;B&-T E-h13+ /;-h S~ + 4;B&6.~ 6.:.+GFW13-hF�4;+ 6.�*�7���Z4;B&+G1�13-0��13-?4;B&-7y@z&-h1
4;+ 6.�Z8|/;6.>�4;B&-W4;+ 4;~ -WB��.1�4;B&-7<M6@13+ 4;+ ,.-W����13H'-0/h�6.�&-� E6D-h1�F0���":.-�4�4;B&-� E-0<E4;B"~ + 4;B&6.~ 6.:.+GFr+ >W��:.-r8|/;6.>�BD5E E/;6.<&B&6.�&-r/;-hF�6./2 &1� E+ /;-hF�4;~ 5.�
�@� sEt&�� �¡�vMs&¢
� ��O�&-0HO��<&<&/;6@�.F2B�4;6�4;B&-��&6.�&~ + �&-h��/�H��I,.-�8|6./;>�+ �D,.-0/213+ 6.���w E-0<E4;B7+ >W��:.+ �&:�6�8l4;B&-r13-h���M-h ?��+G1'13z&:.:.-h1
4;-h l��Z-�13B&6=H£4;B��=4�4;B&-�+ �E8|6./;>W�=4;+ 6.�"/;-hF�6./2 E-h TH�+ 4;B¤BD5E E/;6.<&B&6.�&-h1�+G1�13zE�7F�+ -0�@4�8|6./�:.-�434;+ �&:T��~ ~l4;B&-�4;B&/;-0-�6�8-0~G�.1
4;+GF�<���/2��>?-�4;-0/21�6�8w4;B&-�13-h���M-h ¤H�+ 4;BS�W8`��+ /;~ 5{B&+ :.B#/;-h136.~ zE4;+ 6.�¤-0,.-0�¤+ �#4;B&-�F0�.13-�H�B&-0�S�.�W�&-h��/������-0�D,D+ /;6.�&>?-0�@42��+G1�4;B&-�6.�&~ 5�<&/;+ 6./9+ �E8|6./;>W�=4;+ 6.�*���¥1
4;/;+ �&:�6�8�6.z&/9<&/;6EF�-h1;13+ �&:r+ �D,.6.~ ,.-h10���r�&6=,.-0~E E-0>�z&~ 4;+ <&~ -4;-hF2B&�&+Gy@z&-"6�8�13-0+G13>?+GF" &�=42�ZH�B&+GF2Bp��~ ~ 6=H�1�z�1�4;6�-�¦D4;/2�.F�4�§
z�1
47<&/;+ >W��/;5¨-0,.-0�@421"� ©I�����Z136.z&/2F�-{H��I,.-0~ -�4-h1
4;+ >W�=4;+ 6.�#H�B&+GF2B¤<&/;6=,D+G E-h1�z�1�H�+ 4;B#/;-0~ +G���&~ -�4;+ >?+ �&:T6�8C<&/;+ >W��/;+ -h10�M���� #�W�&-0H�H��I,.-�8|6./;>}+ �D,.-0/213+ 6.�"6�88|z&~ ~C/;-hF�6./2 &1��|ªT«#¬Z:@�=4;B&-0/�6�8'/2�IH­ &�=42�"�.1;136EF�+G�=4;-h ¤H�+ 4;B¨�T~ 6EF0��~9~ + 4;B&6.~ 6.:.+GF�1
4;/;z�F�4;z&/;-I����®.6.+ �@4;~ 5#H�+ 4;B¯{°�±�²`³=±�² :.-06.~ 6.:.+GF0��~�+ �E8|6g���� ¥F�6./;/;-0~G�=4;+ 6.�g~ + �&´E176�8��&z&~ ´�µ=13B&-h��/7>?6E Ez&~ +r���� p E-0��13+ 4
5¶H�+ 4;B¥~ + 4;B&6.~ 6.:.+GF<���/2��>?-�4;-0/21?+ 4{F0���p5D+ -0~G p��~ + 4;B&6.~ 6.:.+GF¤13-hF�4;+ 6.�p6�8r4;B&-S13-h���M-h ¶�M-0�&-h�=4;B*��<&/;6=,D+G E-h �4;B&-#<&/;6EF�-h1;13+ �&:�6�813-0+G13>?+GF� &�=42��+G1� E6.�&-�<&/;6.<M-0/;~ 5.��Z-�+ ~ ~ z�1
4;/2�=4;-�4;B&-?13-0+G13>?+GF�/;-0~G�=4;-h "<���/34r6�8�6.z&/r��<&<&/;6@�.F2B¤H�+ 4;Bg�.� ·I����135D�@4;B&-�4;+GF� &�=42�#�|+ �Z E-�8`��z&~ 4�6�8 ¯°�±�²`³=±�² + �E8|6��9�.1�8|-0H'-0/w�M6.z&��F�-h1w�.19<M6@1;13+ �&~ -���/;-�+ ��z�13-I�9�.19H'-0~ ~&�.19H�+ 4;B�¸�-0~G ? &�=42��8|/;6.>����rz&~ 8�6�8l!¤-�¦E+GF�6 &�=42�.13-�4h�D4;B��=4�H��.1�z�13-h T+ �{4;B&-�$E�'��H'6./;´E13B&6.<T6.�"!¤z&~ 4;+ <&~ -��=434;-0�Dz��=4;+ 6.�{+ ���h¹.¹.º&�
»½¼ s&¾��� ¿u �  ¿u9À�ÀrÁ3¢3v�u�s&¢
� � q��z&/�+ �D,.-0/213+ 6.��1;F2B&-0>?-?+G1����.13-h Zz&<M6.�Z4;B&-7�&-0HÂF�/;+ 4;-0/;+ 6.�Z6.�Z/;-0:.+G1
4;-0/;-h SH��I,.-�¸�-0~G &10�*H�B&+GF2B�H'-WF0��~ ~ -h Ã���F�/;+ 4;-0/;+ 6.����Ã�1
42���� &1�8|6./rÄ�ÅwÆ7� ° ��/34;+G��~CÇ�5D�&-0/;:.-�4;+GF ² >W��:.+ �&:D���'��4�+ >?<&~ + -h1��7 E+ /;-hF�4��&6.�&~ + �&-h��/�6.�&-��c4;6��6.�&-r>W��<&<&+ �&:?6�8�ª�«7¬&�c4;/2����1
8|6./;>?-h {�'!#A�È 1'+ �@4;6?/2�I5?<���/2��>?-�4;-0/3�� E-0<E4;BT13-hF�4;+ 6.�"���� T��~ ~ 6=HOz�1�4;6W�I,.6.+G 4;B&-�4;/2�. E+ 4;+ 6.����~&-0/;/;6./3��<&/;6.�&-'<&+GF2´D+ �&:�6�8l~G�I5.-0/�µI�M6.z&��F�-���/;-0~G�=4;-h �-0,.-0�@421C���� W���D5���<&/;+ 6./;+&<���/2��>?-�4;/;+ �h�=4;+ 6.�6�8�4;B&-"13-0+G13>?+GFT13-hF�4;+ 6.�*�¨!¤6@1
4�+ >?<M6./342���@4;~ 5.�w4;B&-#Ã���F�/;+ 4;-0/;+ 6.��>W��´.-h1�4;B&-{z�13-{6�8���~ ~'4;B&-{+ �E8|6./;>W�=4;+ 6.�F�6.�@42��+ �&-h T+ �{/;-0:.+G1
4;-0/;-h 7H��I,.-�¸�-0~G &10�D�&6�49§
z�1
4�4;B��=4�/;-0~G�=4;-h W4;67��>?<&~ + 4;z� E-�>W�=¦E+ >W�&�'É9��/34;+G��~�Ê@5D�&-0/;:.-�4;+GFË�>W��:.+ �&:D�9>?-h����10�wÌ ° ��/34;+G��~ ��H�+ 4;B7/;-h13<M-hF�4C4;6�4;B&-�,=��/;5D+ �&:�/2�I5�<���/2��>?-�4;-0/ ° ���� ?H��I,.-�¸�-0~G ?Aw��A9�.Aw�
$���� � �F�6.>?<M6.�&-0�@421'��>?+ :./2�=4;-h { E-0<E4;B¤+ >W��:.-h1�13B&6.z&~G {�M-�13+ >?+ ~G��/h�&H�B&-0�{4;B&-�/;-0~G�=4;-h {<&B��.13-�13B&+ 8Í421���/;-�F�6./;/;-hF�4ÌTF�6./;/;-hF�4�ÎW��:@�=4;B&-0/W��Ï�Ð °  E6.>W��+ �M�r13B&6.z&~G S�M-713>?6D6�4;BZ-0�&6.z&:.B���~ 6.�&: ° ���� S�&6.�E��13>?6D6�4;BZH�+ 4;B� E-0<E4;BÏ�Ì74;B&-W/;-h13z&~ 4�6�8'4;B&-7>W��<&<&+ �&:¨�|~ -�4�z�1�F0��~ ~C+ 4�4;B&-"Ã�«�Ñ ¯=Ò|Ó&Ô�± �r<&/;-h13-0/;,.-h1���~ ~w4;B&-7+ �E8|6./;>W�=4;+ 6.�T§
6.+ �@4;~ 5H�+ 4;B"4;B&-TÕ ³=±�±;Ô Õ Ò Ä?«�´D+ �&-0>W�=4;+GF010�EH�B&+GF2B"+G1� E6.>?+ �����@4�8|6./�4;B&-�>?6@1
4�6�89/;-0:.+G1
4;-0/;-h {13-0+G13>?+GF�-0,.-0�@4210ÖD4;BDz�1/2�=4;B&-0/'/;6.z&:.BT E-0��13+ 4
57���� "Å�«�,.-0~ 6EF�+ 4
5�-h1
4;+ >W�=4;-h1':.+ ,.-r����:.6D6E &��-0~G�.1
4;+GF�>?-h E+ z&>�>?6E E-0~c�DH�B&+GF2B{~ + -h1'+ ��WF�~ 6@13-�,D+GF�+ �&+ 4
5{6�894;B&-�:.~ 6.����~l>?+ �&+ >�z&>¿6�894;B&-�H��I,.-�¸�-0~G T>?+G1
¸&4�8|z&��F�4;+ 6.�*�����¤+ 421�4;z&/;�*�M13z�F2B#�?>?6E E-0~��~ ~ 6=H�1�8|6./���<&<&~ 5D+ �&:?6�89���D5T1;F2B&-0>?-�6�8�~ + �&-h��/;+ �0-h TH��I,.-�¸�-0~G 7+ �D,.-0/213+ 6.�Z�|H�+ 4;B"/;-h13<M-hF�4�4;67���D5?8|z&~ ~�13-�4�6�88|z&��F�4;+ 6.��1�6.�{�&z&~ ´�µ=13B&-h��/�>?6E Ez&~ +����� " E-0��13+ 4
5&���Ã�×?Ø�Ù=Ú|ÛhÜ@Ù=Ú`ÝMÞ�ß�)*-�4�z�1�H�/;+ 4;-�4;B&-"�|z&�&/;-0:.z&~G��/;+ �0-h ���Ã���F�/;+ 4;-0/;+ 6.�"8|6./r�&6.�&~ + �&-h��/r+ �D,.-0/213+ 6.�¤+ �¤4;B&-�8|6./;>6�8�4;B&-�8|6.~ ~ 6=H�+ �&:?6.<E4;+ >?+ �h�=4;+ 6.�{<&/;6.�&~ -0>"�'Ñ ²Íà=Ô�á 4;B&-�ªW«{¬&��:@�=4;B&-0/�âã�.ä á�å 13z�F2B¤��>W��<&<&+ �&:{âæ«�çèÎ#�Ò|Ó&¯=Ò é êgëíì  EîT� �EÛ�ïIð?�;ÎS�|î����Íñ ë£ì�ò`ó îóMô ò  ô � �MõÛ�ïhð?�;âT� ô ���Íñ.«�çÂ>?+ �"ö

�



0

0.5

1.0

1.5

2.0

Ti
m

e 
(s

ec
)

0 20 40 60 80 100

CDP gather

0

0.5

1.0

1.5

2.0

2.5

De
pt

h 
(k

m
)

0 10 20 30 40

PSI-gather

0

0.5

1.0

1.5

2.0

Ti
m

e 
(s

ec
)

0 20 40 60 80 100

Final residuals

��+ :.z&/;-��.���������
	��`Ü7Ý�
CÛ���Ü7Ú`Þ��MÜ@Ù��hÚ`ÝMÞ
�9Ý��"�9135D�@4;B&-�4;+GF� &�=42�W�|>?6E E-0~M+ ����+ :��E©.��Ì��������! �+ �&<&zE4'ª�«�¬:@�=4;B&-0/hÖMÌ#"$�&%����$'! �ÎW��:@�=4;B&-0/hÖ�Ì('�)+*�,��! �H��I,.-�¸�-0~G 7/;-h13+G Ez���~G1��=8Í4;-0/�~ + �&-h��/;+ �0-h T+ �D,.-0/213+ 6.�
0

0.5

1

1.5

2
1 1.5 2 2.5 3 3.5 4 4.5

DE
PT

H 
( K

M
 )

VELOCITY ( KM/SEC )

RETRIEVED
TRUE

0

0.5

1

1.5

2
2 4 6 8 10

DE
PT

H 
 ( 

km
 )

IMPEDANCE  ( km/sec*g/m^3 )

TRUE
RETRIEVED

0

0.5

1

1.5

2
0 0.2 0.4 0.6 0.8 1

DE
PT

H 
 ( 

km
 )

VELOCITY RATIO ( VS/VP )

TRUE
RETRIEVED

��+ :.z&/;-W©E��-�Þ.	�/�Û0��Ý�1�Ü��w���� #Ù=Ü���/��|Û"Ý�
2
3/��4�rÜ��4���0ÛhÚ`ØSÚ`Þ��MÜ@Ù��hÚ`ÝMÞ�ßTÌ��������! {Aw��,.-0~ 6EF�+ 4
5�Ö�Ì5"$�&%����$'! Aw��+ >?<M-h &����F�-.ÖMÌ('�)+*�,��! ��M�0���D�E«�/2�=4;+ 6��
H�+ 4;B¶ÎS�|î�� ë76 �48�ö`¬������� �âT� ô � ë:9 �|ª&ö`¬�����4;B&-T®@�.F�6.�&+G��� ò<;�=;�> ò ��4;B&-7-0+ ´.6.����~Cª ë ª*�48�ö`¬�� ë:?�@ê �<A ñ «¬ ñ �CBED ñ  �8��IH�B&+ ~ -C4;B&-�,=��/;5D+ �&:�H�+ 4;B� E-0<E4;B�13~ 6=H��&-h1;1.A ë A@�48D�l6.�M-05E1l4;6�4;B&-'-0+ ´.6.����~�-hy@z��=4;+ 6.�*���F	'öE	w� ë A ñH�+ 4;BT4;B&-�/2�I5?,.-hF�4;6./G	 ë ð�ª��`��� ²ÍÒ�¯�H ²`¯=á ��¬M��1
42���� &1'8|6./'4;B&-�B&6./;+ �06.�@42��~�F�6.>?<M6.�&-0�@4�6�8�4;B&-�/2�I5?,.-hF�4;6./	w�������� Z�<I�J�K �'4;B&-�>W��<&<&+ �&:{âML«MçíÎ¿+G1�:.6=,.-0/;�&-h W�D574;B&-�-0+ ´.6.����~�ª ê�ë ª*�48�öCN@�POx�B&+G1�6.<E4;+ >?+ �h�=4;+ 6.�{<&/;6.�&~ -0>�B��.1����"+ �E¸��&+ 4;-�13-�4�6�8�-�¦D4;/;-0>W��~G1�Qhª�RD�SQ�A&R=���&���� 74;6W:.-�4��?/;6.�&z�1
4�136.~ zE4;+ 6.��W<&/;6.<M-0/�/;-0:.z&~G��/;+ �h�=4;+ 6.�"+G1��&-0-h E-h l��136W4;B&- ±;Ô Ñ&T H ¯=±�² Ï Ô2å Îã��F�/;+ 4;-0/;+ 6.�¤+G1�:.+ ,.-0�¤H�+ 4;B é �<AI� ë é ê �<AI��UV�W �<AI��«lçÂ>?+ ��H�B&-0/;-C4;B&-�/;-0:.z&~G��/;+ �0-0/ W �<AI��+G1�F2B&6@13-0���.1�����-0�&-0/;:.-�4;+GFw�&6./;>�1;y@z���/;-h �6.�XA&Y B �`y@z��. E/2�=4;+GFH�+ 4;B"/;-h13<M-hF�4�4;6#Z ë A&Y B 8|6./;>�H�+ 4;B{4;B&-�<M6@13+ 4;+ ,.-0~ 5T E-�¸��&+ 4;-�6.<M-0/2�=4;6./![S�

W �<AI� ë]\ Z�«^Z ê�\ ñ_ ëíì @E`ba4cê ì @E`ba4cê  �8�d� �8�e e4fgZ��48�dG�ih��48�d`öC8�e e`�EfgZ��48�e ec��ö
H�B&-0/;-jfgZ ë Zæ«kZ ê ö9���� �4;B&-T6.<M-0/2�=4;6./([íB��.1����¨+ �@4;-0:./2��~�´.-0/;�&-0~!h��48 d öC8D� ë h��48 d «l8D�W�`13<��=4;+G��~F�6.�D,.6.~ zE4;+ 6.�M��13z�F2BT4;B��=4 ? @E`ba4cê  Eª ê �48D��h��48 d «^8D��-�¦E<mQ@« ò 8r«n8 d d ò �&fX8�R ëpo �48 d «^8 e e ��öEH�B&-0/;-� Eª ê �48D� ëA ê �48D�
 �8bO�q ¯=Ò|Ó&ÔsrW¯=Òc² Õ ¯�HtH u$v 4;B&-¤�|z&�D�M6.z&�� E-h Z<�13-0z� E6��� E+ w�-0/;-0�@4;+G��~Í��6.<M-0/2�=4;6./�[ + �S4;B&-7y@z��. E/2�=4;+GF�8|6./;>/;-0<&/;-h13-0�@421��7>?6E E+ ¸�-h #x�+ ´DB&6.�&6=,�È 1�/;-0:.z&~G��/;+ �h�=4;+ 6.�¨� ¯ Õ Ò T ¯�HtH u$v 4;B&-�/;-0:.z&~G��/;+ �h�=4;+ 6.�¤F�~G��+ >W1�4;B��=4r/;-0~G�=4;+ ,.-,=��/;+G�=4;+ 6.��1'6�8�¬&��,.-0~ 6EF�+ 4
5@�w+ �"�W1;F0��~ -.�& E-�¸��&-h TH�+ 4;BxfX8���13B&6.z&~G T�M-�13>?6D6�4;B"-0�&6.z&:.B*�w13-0-.�w-.� :���� y=�����
�&/�z-hF2B&-�4� E-0/;+ ,=�=4;+ ,.-h1 é d� F0���"�M-�H�/;+ 434;-0�¤+ �"4;-0/;>W1�6�8w������~ 5@4;+GF0��~l8|z&��F�4;+ 6.��1�6.�":./2�. E+ -0�@4�F�6.>?<M6.�&-0�@421�6�84;B&-�+ �&<&zE4�ªW«{¬&��:@�=4;B&-0/�â7�
{r×C�MÜ��`Ý*Ø.Ú|Û}|�ß�Ã�«�F�/;+ 4;-0/;+ 6.�*�w:.6=,.-0/;�&+ �&:¤4;B&-¤�&6.�&~ + �&-h��/?+G136.>?6./;<&B&+GF7>W��<&<&+ �&:�6�8?�|ª¤«�¬����c4;/2����1
8|6./;>?-h �'!#A�È 1�+ �@4;6¤/2�I5¤<���/2��>?-�4;-0/3�� E-0<E4;B�13-hF�4;+ 6.�p�48?«#¬�����<&/;6E Ez�F�-h1����Z-�¦D4;/2�{6.zE4;<&zE4h���{<&B��.13-���13B&+ 8Í4�ª*�48D���F�z&/;,.-.�&F�6.>?<��=4;+ �&~ -�H�+ 4;B"/;-0:.+G1
4;-0/;-h T13-0+G13>?+GF�-0,.-0�@4210��~�� ¯�r�°�H Ô +G1�:.+ ,.-0�{+ �5��+ :@10�
�{ÜDÞ��hÚ|Û}|�ßX� ²Íà=Ô�á�v ¬&��<���/34;+G��~M+ >W��:.-h1r�|H��I,.-�¸�-0~G 7 E-0<E4;BT-�¦D4;/2��<M6.~G�=4;+ 6.�7H�+ 4;B74;B&-�ª*�48D����F�z&/;,.-=µ=Aw��,.-0~ 6EF�+ 4
5&����� ¶136.z&/2F�-TH��I,.-0~ -�4h� Ô Ç Òc²trW¯=Ò�Ô�v  E-0��13+ 4
5.��q ³hå TDÇ v �¥B&-0�Z¬^ç�N&�C4;B&-"-sw�-hF�4W6�8�4;B&-¤13B&-h��/?>?6E Ez&~ z�1

©



0

2

4

6

8

Ti
m

e 
(s

ec
)

0 50 100 150

CDP gather

0

2

4

6

8

Ti
m

e 
(s

ec
)

0 50 100 150

CDP gather

0

2

4

6

8

D
ep

th
 (k

m
)

0 10 20 30

PSI gather

��+ :.z&/;-�y&���TÜ���� 1��EÛ���8|/;6.>�4;B&-{�rz&~ 8�6�8�!¤-�¦E+GF�6��` E-0-0<�13-0-TF0�.13-I���¤Ìj�������! S+ �&<&zE4�ª{«S¬�:@�=4;B&-0/hÖCÌ
"$�&%����$'! ¨ E-0>�z&~ 4;+ <&~ + -h O�|,D+G�¨Ê ³ Ê ² Ð ²Íá�à=Ô�± Ç ²`³=á � ©h�|��:@�=4;B&-0/hÖ'Ì5'�)+*�,��! gÎ#«�:@�=4;B&-0/T�|,D+G�#6.<E4;+ >?+ �0+ �&:#4;B&-Î#«�F�/;+ 4;-0/;+ 6.�"�
+G1W�&-0:.~ + :.+ �&~ -.�'B&-0��F�-¤,=��/;+G�=4;+ 6.��1?6�8�H��I,.-�¸�-0~G g��>?<&~ + 4;z� E-h17F�6./;/;-h13<M6.�� �4;B&6@13-"6�8r4;B&-#<�13-0z� E6����.F�6.z�1
4;+GF+ >?<M-h &����F�-.Ö'<&/;6=,D+G E-h ¨Aw��,.-0~ 6EF�+ 4
5Z,=��/;+G�=4;+ 6.��1���/;-T-h1
4;+ >W�=4;-h l�w4;B&-{/;-0~G�=4;-h � E-0��13+ 4
5�,=��/;+G�=4;+ 6.��1���/;-T6.�E�42��+ �&-h {H�+ 4;B¤�I,.-0/2��:.+ �&:�6=,.-0/9¬&��+ �@4;-0/;,=��~c�
� ×C�MÜ��`Ý*Ø.Ú|Û}|�ß�� ³=á�Ò�Ô � ÒSv :.+ ,.-0�SAw��AO-0,.-0�@4210�lH�+ 4;BZ13~ + :.B@4�µI�&6T-0/;/;6./21�+ �S4;B&-?<&B��.13-���13B&+ 8Í4W��Ã���F�/;+ 4;-0/;+ 6.��� ���F�6.�@4;/;+ �&zE4;+ 6.�{6�89��13B&-h��/�>?6E Ez&~ z�1�+G1�H'-h��´���z&�� E-0/�4;B&-h13-�F�6.�� E+ 4;+ 6.��1�4;B&- Ô Ç Òc²trW¯=Ò�Ô 6�8�4;B&-�$@��,.-0~ 6EF�+ 4
5T�M�F0���#�M-�/2�=4;B&-0/r/;6.z&:.B*��-.� :�� �M8|/;6.> �D� ë�� y.�M�7�|B&-0��F�-W�D�D���M�3��/2�=4;+ 6T+G1rF�6.��1
42���@4r+ �Z13z�F2BZ�7���.F2´D:./;6.z&�� >?6E E-0~c��13-0-�B&6=H'-0,.-0/'4;B&-�/;-h13z&~ 4�6�8�4;B&-�~ + �&-h��/;+ �0-h T-0~G�.1
4;+GFr+ �D,.-0/213+ 6.�*����+ :�� ©E��'�)+*�,��&���x�B&+G1T1
4;/2�=4;-0:.5¶��~ ~ 6=H�1?8|6./7/;-0,.-h��~ + �&:��Z8`��+ /;~ 5¶:.6D6E p���.F2´D:./;6.z&�� g>?6E E-0~�H�+ 4;BO�&6¨4;/2�.F�-¤6�8��&6.�&~ + �&-h��/-sw�-hF�421r�|�&6�<&B��.13-�13B&+ 8Í4212������ ?B&-0~ <�1�z�1C4;6�:.-�4�8|6./'13z&/;-�+ �@4;6�4;B&-�,D+GF�+ �&+ 4
5?6�8l4;B&-�:.~ 6.����~&>?+ �&+ >�z&>æ6�8l4;B&-F�6.�D,.-0�@4;+ 6.����~*>?+G1
¸&4�8|z&��F�4;+ 6.�¤8|6./�-0~G�.1
4;+GF�+ �D,.-0/213+ 6.�¨�Í4;B&-�8|z&��F�4;+ 6.�#6.�¤/;-h13+G Ez���~G1�6�8w6.��13-0/;,.-h Mµ=135D�@4;B&-�4;+GFH��I,.-�¸�-0~G &12���*��4�/;-h13z&~ 421�+ ��-h1;13-0�@4;+G��~ ~ 5rB&+ :.B&-0/�13<��=4;+G��~@/;-h136.~ zE4;+ 6.�*�04;B�����4;B��=4�8|6./�F�6.�D,.-0�@4;+ 6.����~.��<&<&/;6@�.F2B&-h14;6?<&/;6EF�-h1;13+ �&:W13z�F2B" &�=42�&�
	�Ú`Þ�Ü��EÙ=Ú�
.Ü�1 �g�$�MÜ�
�Ý�Ù��½Ú`Þ��MÜ@Ù��hÚ`ÝMÞ�ßCx�B&-'~ + �&-h��/;+ �0-h �H��I,.-�8|6./;>£+ �D,.-0/213+ 6.��+G1�<M-0/38|6./;>?-h �,D+G��4;/2�. E+ 4;+ 6.����~6.�E§
-hF�4;+ ,.-{8|z&��F�4;+ 6.�*�S/;-h13+G Ez���~G1?6�8�/;-h��~����� p135D�@4;B&-�4;+GF"H��I,.-�¸�-0~G &10��H�B&+ ~ -"4;B&-#F�6./;/;-h13<M6.�� E+ �&:n�&/�z-hF2B&-�4 E-0/;+ ,=�=4;+ ,.-h1W��/;-"-0,=��~ z��=4;-h ¶�D5g�Dz&>?-0/;+GF0��~� E+ w�-0/;-0�@4;+G�=4;+ 6.�p6�8r4;B&-#/;-
��-hF�4;+ ,D+ 4
5gF�6E E-h1Wz&�� E-0/W4;B&-#:.+ ,.-0��`��:.6D6E &�@�����.F2´D:./;6.z&�� W>?6E E-0~c�(��&~ + ´.-0~ 5S4;6#F�6.�D,.-0�@4;+ 6.����~C��<&<&/;6@�.F2B&-h1rH'-S�`F0���M��z�13-?4;B&-7/2�IHÂ &�=42�¨�|>�z&~ 4;+ <&~ -h1����� ¨F�6.�D,.-0/34;-h SH��I,.-h1��/;-�+ ��F�~ z� E-h ����.1'4;B&-�F�6.z&�@4;-0/;<���/34�6�8�4;B&-�F�6./;/;-h13<M6.�� E+ �&:�135D�@4;B&-�4;+GF�H��I,.-�¸�-0~G &1'+ �{4;B&-�>?+G1
¸&4�8|z&��F�4;+ 6.�*�
� ¢3qDvl¡�qDqD¢
� ��Z-?6.>?+ 434;-h S+ �@4;-0�@4;+ 6.����~ ~ 5¤4;B&-?z�13-�6�8����D5#��<&/;+ 6./;+�+ �E8|6./;>W�=4;+ 6.�Z+ �S4;B&-W�.13-0+G13>?+GF�/;-0~G�=4;-h &�T<���/34�6�8�4;B&-��<&<&/;6@�.F2B*�¶x�B&-#�.1;13+ >?+ ~G�=4;+ 6.�g6�8�13z�F2B¥��� �|+ �� E-0<M-0�� E-0�@4h���&zE47-�¦E<M-0��13+ ,.-I��+ �E8|6./;>W�=4;+ 6.�pF0���¶�M-¤ E6.�&-<&/;6.<M-0/;~ 5.���.17~ 6.�&:¶�.1T-h1
4;+ >W�=4;-h p4;B&/;6.z&:.B¥4;B&-Z~ + �&-h��/;+ �0-h p+ �D,.-0/213+ 6.�¥-0~G�.1
4;+GF#<���/2��>?-�4;-0/21WB��I,.-Z�.1T����=434;/;+ �&zE4;-�F�6./;/;-0~G�=4;+ 6.�W8|z&��F�4;+ 6.��1�6�8�4;B&-0+ /�z&��F�-0/342��+ �@4;+ -h10��'4�~G�.1
4�4;B&-7��-0~G�.1
4;+GF0�T+ >W��:.-?6�8�4;B&-713-h���M-h ZF0���Z�M-7F�6.�D,.-0/34;-h #+ �@4;6"4;B&-W:.-06.~ 6.:.+GF0��~913-hF�4;+ 6.�*�*<&/;6=,D+G E-h :.-06.~ 6.:.+GF0��~l+ �E8|6./;>W�=4;+ 6.�¤���M6.zE4�4;B&-�4;B&-�¸�-0~G #���� {/;-0~G�=4;-h ¤F�6./;/;-0~G�=4;+ 6.�{~ + �&´E1�6�8w�&z&~ ´�µ=13B&-h��/�>?6E Ez&~ +�����  E-0��13+ 4
57H�+ 4;B¤~ + 4;B&6.~ 6.:.+GF�<���/2��>?-�4;-0/21���/;-�:.+ ,.-0�*�
������������� ������� �!���#"%$
&('*)
+,'.-,/�)�0 13254 67-,8:9<; =�;?>@)�0A&�B CD0 E?)@)
+GF�'H0JILKM8�+,NO1APRQ F7+,8MSRT.U�258�+VF�B NOWH4 NONOB 8@0 NHX�)�0�FA-,8ZY[;3\�8@17NO/3-G)�0 8
>]ILKM8�+,NO1
PRQ F7+,8<SRT.U�258�+*^�+,8
>7B F�B 0 E<4 N`_*B -,/�-,/ '*2L)�ND-.+,'ba�'HWb-,B >7B -cQ�+,8@4�-,B 0 'Z)�0�F�d�'%F�B 4 ded�87F�'H6 NZIf)@F )�^�-,'%F�_V'H6 6#6 8@E@NV2 +,8@d
-,/ 'ZKM8�+O-,/gNO'%)?UG;

y



-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0 1 2 3 4 5 6 7 8 9

TIME  ( SEC )

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0 1 2 3 4 5 6 7 8 9

TIME  ( SEC )��+ :.z&/;-�������Ý��
	��EÙ=Ú4�hÝMÞgÝ�
�Ù=Ü����G�&Þ�1l� |*Þ�Û���Ü@ÛhÚ`Ø{Û0Ù��&Ø.Ü��.ß�Ì����	�G �/;-h��~M4;/2�.F�-�8|/;6.>æ4;B&-�ª�«T¬":@�=4;B&-0/�4��+ :���y&��
��������h4;B&-'���&-h��/3�SN=��<��'4;/2�.F�-��9Ì
���$�������  �4;B&-�F�6./;/;-h13<M6.�� E+ �&:�135D�@4;B&-�4;+GFw4;/2�.F�-.�I:.-0�&-0/2�=4;-h ��D5�4;B&-/;-
��-hF�4;+ ,D+ 4
5?/;6.zE4;+ �&-�H�+ 4;BT4;B&-r-0~G�.1
4;+GF�<���/2��>?-�4;-0/21C/;-0,.-h��~ -h ?�D5�4;B&-���<&<&/;6@�.F2B¤�4��+ :��&·.���wx�B&-�F�6./;/;-0~G�=4;+ 6.�F�6D-��7F�+ -0�@4�8|6./�4;B&-h13-r4
H'6�4;/2�.F�-h1'+G1 N&� �D·E�@4;B&-��I,.-0/2��:.-h W6.�&-r��6=,.-0/�4;B&-�¸�/21
4r·&Nr¬�«O4;/2�.F�-h1
�w+G1 N&� y@·E�
0

1

2

3

4

5

6

7
1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6

D
E

PT
H

  (
 K

M
 )

P - VELOCITY  ( KM/SEC )

0

1

2

3

4

5

6

7
0 0.5 1 1.5 2 2.5

D
E

PT
H

  (
 K

M
 )

S - VELOCITY  ( KM/SEC )

0

1

2

3

4

5

6

7
1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

D
E

PT
H

  (
 K

M
 )

DENSITY  ( G/CM^3 )��+ :.z&/;-r·E�.�TÜ���/��|Û�Ý�
!
3/��4�wÜ��4���0ÛhÚ`ØWÚ`Þ��MÜ@Ù��hÚ`ÝMÞ��9/;-h��~M &�=42�7�|+ �j��+ :���y@����Ì2�������! �Aw��,.-0~ 6EF�+ 4
5�ÖEÌX"$�&%����$'! $@��,.-0~ 6EF�+ 4
5�Ö ÖMÌ('�)+*�,��! � E-0��13+ 4
5.�
� 4�+.-,/�)�0 17N*)�6 NO8 -,8��R+,8@E�� 838@1?'HNR)�0�F�SR8?)�6 Fg>@)�0��`8�+,NO'H6 'H0 I������ U 258�+R-,/ 'M+,'%)�6 F )
-G)[NO'b-,NH;
�`'b-Z_V'[_V8@4 6 F!6 B 1?'[-,8g'���^�+,'HNON:8@4�+<E�+G)
-,B -,4�F�'[-,8gWH8@6 6 '%)�E@4 'HN<2 +,8@d -,/ '��M0 B >?'b+,NOB -cQJ8�2 �`'b+,E@'H0�X�-,8�� +,8�2c;]=?)�1?8"!
=�; �3-G)�d�0 'HN.'HNO^ 'HWHB )�6 6 Q3;

#%$'&	$'()$+*-,�$'.� ����	��.F��&!#��/;´��l�h¹�/�/&�&�'���"6.�&-�B&-h��/�4;B&-�13B���<M-�6�89�W E/;z&>����
0 rWÔ�±�² Õ ¯=á q ¯=Ò|Ó�1 q ³=á�Ò|Ó�H u32"4�v65 Ð87 491� ©I����5D�0B&+ ´.6=,��&��� ���M���� {!¨� $�� %'+ /;5Dz&~ + ���&�l�h¹.¹.¹&�E��-0>?6=,=��~l6�89+ �@4;/2���M-h T>�z&~ 4;+ <&~ -h1�,D+G�W$D6.z&/2F�-��
$D+ :.���=4;z&/;-���D,=��/;+G���@4w���D,.-0/213+ 6.�*�;:=< Ò|Ó 0 á�á>1 Ë á�Ò�Ô�±�á�¯=Ò81 q Ò Ñ 1 Ê ³ Õ 1 ~�� °�H 1 � Ô2³;°�Ó�u Ç 1 ? ~�� °�¯=á�å.Ô2å 0�@�Ç Òc±;¯ Õ Ò Ç ? $EA������� y=����5D�0B&+ ´.6=,���� ���I���� �
�� ���Ix�/;6=5@���r
�� ��� �E�h¹.¹$y&�=����/;-0:.z&~G��/;+ �h�=4;+ 6.�r>?-�4;B&6E &1�+ �(y=����/2�I5�4;6.>?6.:./2��<&BD5��²Íá � Ô2³;°�Ó�u Ç ² Õ ¯�H9A�¯=Ò�¯ Ë á�Ò�Ô�±c°�±;Ô�Ò�¯=Òc²`³=á @ u Ë á�à=Ô�± Ç Ô q ³hå.ÔsHtH ²Íá Ñ 1 É ±;³ Õ 1M³CB�Ò|Ó&Ô <�Ð Ò|Ó Ë á�Ò�Ô�±�á�¯=Òc²`³=á�¯�H Ê Ôsr�²Íá�¯=±³=á q ³hå.ÔsHED�°�Òc²tr�² Ï ¯=Òc²`³=áO²Íá ~�� °�H ³=±;¯=Òc²`³=á � Ô2³;°�Ó�u Ç ² Õ�Ç 1 J Ô�±PH ²ÍáF5 <�< 5�1 �� E+ 4;-h g�D5���� 
w6.:.-0~c��
�+ -0H'-0:���¥+ -h13���. E-0�*��yHGh�I�9/&�
�


