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��č�  
The project investigates the acoustic surveying tools, including the chirp 
subbottom profiling system (SBP) and the dual-frequency side-scan sonar (SSS), 
to map the distribution of river sedimentary environments. The experimental sits 
was in the river mouth of Keelung and Tamsui Rivers. The results show that, 
near the relatively flat area on both sides of Tamsui River, the values of 
reflection coefficient (RC) measured by the SBP are between −20 to −10 dB. The 
SBP information indicates that the sediment is dominated by sand and silt in 
various amounts, which is consistent with the analysis of the in-situ grab samples.  
In the deeper water area the lower RCs are observed, indicating a rocky riverbed. 
However, the SBP information is less correlated with the grab samples.  The 
reason might be that the deeper areas are eroded by the river flow and the 
bedrock is exposed with few amount of sand/silt deposited. In addition, the study 
uses the multiple reflections to develop an algorithm for calculating the RCs. The 
values of RC are corrected for the case when the sediments are resuspended from 
the riverbed.  We find that integrating the information provided by SBP along 
with higher-frequency SSS can make better interpretation of the acoustic data for 
inference of the sediment types.   

!
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ȳ�ɕ  śõ  
ʦȷ�ǐÙ/ĶÙĢ͑ëͪľŀʘɸÒăzȭɞĝΞĢĵș̷ŀ͏ŹF

 �RΉȎĢĵŀľȬĥ͑�ɺ©Fĸ�ǐ/K�¿ʻ%Į�ςRʗµ�̓
ɝŀKȀŀȒɸ�ϙ©�Ō�ĆǐŻ�ȫľȬ̤Ȁ"ÛɉɾƷΑǝ̨͜�

ÆzΑķĭǐKʦ̵ŀǓĥ̑ǦˎȾȬŀÞȿʗµ�̭̝ɸRɦ7Ȓǹǂ

Ȫ�Ƀ�ÆzΑǝðȷĆȒǥǐŻΊ˫ŀǐŻ�ȫľǪ̃̄͜�ǠȄǤͶǱ

ˑĳŤŀǐÙΑ͝Ǔĥ�Æz©ĆȒǥ%�ŀǐÙëͪľŴÉʺ§%�ŀ

Α͝Ǔĥ� 

rƊïȆǉȇ@ʗ�ȫľȬΑ̝͝ɸÞȿ – ϛͺΑǝǐĢ�̭ƫƛ̨ 
(Chirp sonar sub-bottom profiler) R8ǶȖΑǝ̨ (Side scan sonar) ʗµĶ 
ĢĵľȬĥ͑'�̓ɝ͏Ź�ϛͺΑǝǐĢ�̭ƫƛ̨PƔ`ɦĄǱˑĳ

ŤĢÙȣ̭ëͪľŠŁƛ˖Ǧ�˒˖Ǧ%ʧ`RŁȓˑϘĢĵŞŤ�ˈˠ

Ũϒ˖ǃ1ĳ�ɌˠĢĵΑ͝ĥ͑̑ľȬĥ͑ʚŀρř �È`»̈Ģĵ

ľȬĥ͑��oÒȵƼ�<̠Ť�˺ɌȪ�ȅŤʃ��Ċ&ĢĵΜȵ��

̑ƙŎϐÐʘ§ȅ2ρř��ǅ�ɆÿľȬĥ͑�`ɦĄKǺ�̹ ̹΅

ɞÑŀĢĵ1ÁȐÚ�R8�Μȵ�χǑʃͦĐ±ɋ¡ŀ�¨¬Ŷ�ĊP

ƔƭȬŴÆz%�ŀĢ͑ʺȮy%�ŀƜʦʷǞ�˅Αķ{ǐK�Ƶ³ǐ

Ùǅ�ΑķŀǠʘ§ÿʺʦˠƅƛ�§ÿǠʘʺƍɌ�§ÿŜʺ9Ƶ��

©%�Ģ͑ŀΑ͝ĥ͑˯ƜʦʺȮy%�ŀ̰ϔ�±ǶȖΑǝÆzŨ�ɩ

ƵǠʘ'��̰̑˦ŀǙȬ�ńʚ�ŀ1nĆͲν͏ŹǻȀ.'ëͪľŊ

̭ǓĥR8}̸ľ'Åώ�`΁z�ǐÙ˳ɋ͏Ź�ɠà}̸ľ�˾ɸǐ

ĢǓǍľ�K�°a [Lafferty et al., 2006; ]ʃ�Ċ¿ʻƭȬŴȇƜ˥Ĭˊĭ
ž͆š˜ĉĈǶ�ǐĢώĬΑķ�Ϋ{ǐÙ'ȶ΍Ť(roughness)̑ǐÙŊ
ƛĢ͑ħɋ¡Ũ�ɩƵ (backscattering) ΑķǠʘȌŤŀ%��āŲɸǡ͆
'ǅʚØ�ǤͶ�ˈȾȬŨÈǠȎďǐĢ�̙ŀ˖Ǧ�   

ȭ,ħ̮ļăzŀΑ̨͜͝ƂϛͺΑǝǐĢ�̭ƫƛ̨�%ʧǠɦĄ

˅�ëͪĦŖ̔¿z8ëͪľʦǩ˚Ƽʃ˖Ǧ�ä`RŁȓ9ų˅�ŀ�

Úĕëͪ˳ɋ�ÊȭǐÙ��̭ƫƛŀȹʯϛ5�˯ĭĢĵŀƊï΀Çŧ

�±Nɀɪˡŀ΁z�ϛͺΑǝŀɄƕŀǓ´Ŵ�ƂɾƵǦˎŀͩǓĥ�

Ʃϕ
ǱͺĕÀͺh�ɡ̈ĔďĊSÀͺΰǦŀ#Π��`RĭǦˎȾȬ

ǅ�ȇĉ§�ĥ͑ŀǦˎůͳVĆ�˟ďə�ŀǦΰI (SNR; Signal to 
Noise Ratio)�`RȮyǱˑĳŀĢ͑ƫƛ̰˦�Κ`R˝zħǤͶĢĵŀ
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9Ƶř̶ǴǐĢëͪľΑ͝1σͲνV}̸ǐÙŀľȬĥ͑[LeBlanc et al., 
1992a]�Ƀ�ś��ΑǝƊï�"ˈ�ÆzɃ�ŀ˭ϝȎďŀ̶͠�Æz
Ɇÿˈϝ0 ΣǝVɃ�ǐÙŀΑ͝9Ƶĥ͑ĕǐÙŀľȬǓĥŀǓ̱ŀ

ρř�Zŭ<̠Ȫ�ȅŤĕoÒȵƼ��ʃʃ[Shumway, 1960; Fass, 1969; 
Hamilton, 1970; Hamilton, 1972; LeBlanc et al., 1980; Hamilton, 1982; LeBlanc 
et al., 1986; Schock et al., 1989; Schock et al., 1990; Leblanc et al., 1992a; 
LeBlanc et al., 1992b]�Ċ»̈ĢĵoÒȵƼ��ŀPƔƭȬŴ�Ƃ%�ŀ
Ģ͑ʺȮy%�ŀƜʦʷǞ�˅Αķ{ǐK�Ƶ³ǐÙǅ�ΑķŀǠʘ§

ÿʺƍɌ�§ÿŜʺ9Ƶ��©{�̭Ģĵŀ9Ƶķ`»̈VĢĵŀ9Ƶ

ř̶�ʗ±ǋ͠ˈϝ0 È`Ș΢VĢĵŀoÒȵƼ��[LeBlanc, 1992a; 
̏ǁʊʃ�2011]�ǶȖΑǝ̨`üɉN§ǂŀΉȎ�̓ɝ͏Źǻ.ǐÙŊ
ƛ'�̙�˳ɋʃǓĥ'ϛ5�ʴǫ�̭ƫƛ̨ŀ˖ǃ�ȇǠȄɦĄβh

˖ǦRĄÅ΢Ģĵŀĥ͑� 

rƊï"ĭȂʝĶ̑ȡKĶ�ʗµϛͺΑǝ�̭ƫƛ̨̑ǶȖΑǝ͏

Ź�þ̛RȭɞĢĵș̷�þÆzɸ͆�ŀΑ͝˖ǃ»̈Ģĵ'oÒȵƼ

̑ĢĵŞŤ�ʍ˒ǻȀĢĵ1̭ŞŤ±ĝ�Ćť˳Ģĵńʚ1Á�©˖Ǧ

`ɦĄĶ ͣĻǅħ̣ȲǮŀĢĵʘR8¿ʻɂ˧� 
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ȳ�ɕ  Ɗï}ŀ  
rƊïȆǉ'}ŀƂɾƷΑ͝ÞȿʗµĶ ĢĵľȬĥ͑�ZŭoÒ

ȵƼ�<̠Ȫ̑ŞŤʃ�'̝ɸ�R΋ˑĶ Ģĵŀ1ÁȐÚ�{ĭĢĵ

ΜȵÏŒƙŎϐŀ�ˬ̑ĢĵΜȵȵƼ��§ȅ2ρř��Ǣ±õȵƼ�

ŀĢĵƴĮÏŒ˛�ŀƙŎϐ�©˖Ǧ�`ɦĄʇKǺ�̹ ŀǼ̶ť��

�ĔKǺ�̰ϔ��̹΅Ķ Ģĵŀ1ÁȐÚ�àVĢĵ̎ʞȾ�ĦŴ˒

ȾĢĵʺɀ²ɺíĎø�ɹ̣ʗµͣĻ�ĦŴ�ÏŒ�ĢĵΜȵ�ŀ¬Ŷ

ľ�̑<̠Kɾy�ɧŨ�ĦĢĵΜȵ�χǑĭKϞ&��ĶžώĬ¬Ŷ

ľ�Ú¡�¨¬Ŷ�ĢĵŞŤȇ`zĆʏ»ĢĵͣĻ!ʂʗµ̣ȲǮŀĢ

ĵʘ�ƂǠȄÛɉŀ
ˑĢĵȵƼ���rƊïRΑ̝͝ɸFĸ�ʗµ�

̓ɝǐÙĢĵŀoÒȵƼ��͏Ź�RÛɉͫͳVƙŎϐ¬ŶŀǱ�͸ǻ

Ȁ�þǋ͠Α͝FĸħȎʅı�ǫ�ĊS̤Ȁʗµ1ĳ��ȵƼ�Ŋ�ƴ

ĮÏŒ˛�ŀƙŎϐ��Rìĝ�Ķ ŀͣĻͼ�ʡØ�þ{Ģĵŀ1Á

ȐÚ�ͳz͒˅ŀĢĵũĵȰǒ!ĉ��ǋ͠˒ǻȀĢĵ'ŞŤ�ơ�˒

ǻȀ'ƛͪ�`ʗµĢĵͣĻ!ʂʗµ̣ȲǮĢĵʘŀ»̈�rƊïRȡ

KĶ̑ȂʝĶ�ȓȾŀρɶĶ�ʗµ�µĥŀ˔ϝɞÑ�ȇΑ̝͝ɸʅı

̑ȭɞș̷ʅıʗµI˛�Rʏ»Α̝͝ɸFĸĭ̐ϢĶ ĢĵνÄ'`

µĥ�þť�Α͝͏ŹFĸ'¿ʻžʂ�R΁zĭsĆ̹ɞ˔ϝɞÑ� 

�ǢǐÙĢĵŀ͏ŹFĸ§R��̄� 

1. K�ϑ˦�Æz�̨͜͝ŀK�ϣɸðȷ��Ģī˃Ƈ/Èǅ̰˦ϣɸð
ȷ�ROV�AUV ʃ��ĆʗµK�ϑ̰Ħĩ˃�ŁȓȎďǐÙŊƛ'̰
˦�š˰ʃ˖Ǧ� 

2. ̷rș̷�Æzș̷̨͜Ʉɘ��áE șĵ͜�ƀʬĠAș̷͜�͂
šĠAș̷͜�ƙ�ĠAș̷͜ʃ�Ć̓ʞș̷̷r��˭ϝţʗµΜ

ȵ1ĳ�5͝1ĳȎďĢ͑ŀľ5ĥ͑˖Ǧ�  

3. Α͝1ĳ�ÆzΑǝðȷɾVŀΑķ³ǐÙŨ�ʦħȓ£ďŀΑ͝Ǧˎ�
ǋ͠ǦˎǠʘŀȌƻR8̰˦ŀǙȬĆͲνĢ͑ŀ̄σ� 

Ċ&�K�ϑ˦ĕĢĵ̷rș̷ħņʑŀǅʚ�Ŏ͵ĕ��ɏ˛���Ƃ

ǐ�¿ʻŀρř�%¾͏ŹɉȪ͇˱N%θĝ�þNʧǠĝΞ ʗµ͏Ź�

%Æĭ�̓ɝŀǐȀ͏Ź�ĊͼΞŴǠā˃ħȎďŀș̷̷rĦϑ˦̰˦

ħϜ�ŀ˖Ǧ�˂̿�ͲνVĢĵ̄σ�Α͝1ĳFĸ`RzīµŀF 



3����8�2+�
�����1�%60�"$�

12 

ͷʋǡ͆¿ʻ�%΢�șʞ˖ǃ�NȒɸ̓ɝ˛̮�Ǡʗµ͆ĿĦƛĿŀ

�ƛĥȒɸ��ɿǅʚ.Õ¡�̓ɝǐȀ͏Ź�̑K�ϑ˦ĕĢĵ̷rș

̷Ƈ˛��Α̝͝ɸFĸ§˛Ǳ'ȒǹǂȪ�`ĭ˛ɿǅʚ.ɦĄĶ Ģ

ĵńʚ1Á�RɦĄĢĵͣĻ¸ˊŀͼ�ʡØ'Ǽ°�  
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ȳ�ɕ  DψȒǥ  
ǿ.Ǭ˯ĢĵΑ͝ĥ͑ŀƊï��ʙě¤ɯ§̐�ǐŻħɒvr¯ƺ

Ǭ˯̐ϢǐȀŀëͪľē̷�_ʘēëͪľ'Α͝ĥ͑ [Chen et al, 1988]�
'ŨŚºͬ�ŽŢŵĕ̩ƲϦ1ÄÆz 3.5 kHzΑǝ9Ƶ˖ǃR�ΑǓ̱Ħ
ͺμI˯ĸ_ȒǥǐÙĢ͑Α͝Ǽ̶ĦΊ˫1σ[�ǿĻ, 1994]�ÆzΑ͝
˖ǃȘ»�ΑǼ̶ŀƊïFĸ�ŴǐŻΑ͝ŧƙƔŀ΁zƊï�rȆǉP

ū�ĭãϘɛ�͝¸ɯʚRK�ǦˎȾȬ8Ċ��Αĥ͑'9̈ƂȒǥP

δ�ÆzĀżǿ̢Α͝˭ϝ (ASIAEX) �İǐħʗµ�Α9̈˭ϝ'˖ǃ�
1ĳǐÙĢĵΑ͝ĥ͑�ȏ÷J͝Ɓ'ȷƕ1ĳĸ (Bayesian statistics)�υ
έ�Ȓǥ�9̈ǽδ&§ρʘɸ˖ǃ̑�Α̹ '%̿ĝĥ�˯9̈�Α

Ǽ̶˂̿Ťŀ̰ϔ[Huang, 2004, 2006a, 2006b]��Ņ�z9̈ʅıħȎ'
�Α˖Ǧ�¿¡əĂŀʦ̞ʷjˤɸ�ʗµΑǝǂǠʏ»�d�̐�!Ƌ

Ƌ͝ĕǐŻ!ʂħ�§ρĭ�ƜǼ̶9̈ŀƊï�°̲�ǐŻŀΑƜʦ̵

ȓόǐÙǅ�ʺ{ǐÙŀľȬǓĥȮy�̄ľȬͦĐ�ą�ɩƵ�9Ƶ8

Ï£ʃ�ɺ±�ɋ¡ɆÿͦĐŴ�ǐÙ.ɎŀǓĥħɋ¡�˦ŴɉŤ�ȅ

Ť8Ï£ȪʃǓĥ�{ĭĢ͑ș̷ŀ%ŗÆĥ�Ōɯ�§Ɗïăz̐�ǐ

Ɗħħ͟§ŀϛͺΑǝ EdgeTech SB-0512i �̭ƫƛ̨ðȷĭ̐Ϣİ[ǐȀ
ʗµȒɸ�þÆz̓ʞ'˖ǃǫ� Hamilton ˈϝ0 ʗµĢ͑�ƜǼ̶9
̈[͊įǌ�2011]�¾ͣϞĆ̘�ǿ.ǥ͐ăzϛͺΑǝĆȒǥ9Ƶř̶ĕ
ĢĵȵƼ��ŀƊï˛=ó�N�Ɏ�ŀ΁zÒƂ�Ż� 

ǿh͝Ņ Baldwin (1985)Æz 3.5 kHzΑǝ̶¸˖ǃǴͺμ1ĳ�ʋƙ
�ǦˎͺȪ1ĳŀɎ1��̑ĠA˖ǃħȎŀ<̠Ȫ�ΜȵȵƼ���ő

Ýʃ̶͠I˯�Ș»Ċ9Ƶř̶ĕǣɷř̶�ʅıɾȭ§9ƵǦˎVȭŀ

ǻȀȂr�ŴΑķőÝ˛ǱŀǻȀ��ǅ͟§˛Àŀ<̠ȪR8˛�ŀo

ÒȵƼ�Davis ʃ(1996)ăzǶȖΑǝŀŨ�ɩƵǦˎʗµ1ĳ�ȇǶȖΑ
ǝŨ�ɩƵȌŤ˖ǃ̑oÒȵƼ�̟̂ϡŀŊ̭ëͪľ̷rI˛�ɾȭƇ

˯Ũ�ɩƵǦˎȌŤ̑ëͪľȵƼ��8¡1§ρ��̑ɸǻŀș̷˖ǃ

I˯Ũ�ȎďoÒȵƼ�̟̂ϡëͪľÐʘĕɩƵǦˎȌŤ§ρ�Ϝ�ȧ

ͳŤR8ȵƼ��Ŵ̰ϔÅĝëͪľŀPƔ�ǚ�Ō�Ć�Schock (2004)
ÆzϛͺΑǝ��Żŝǐ�ǻħʘɸďŀ9Ƶ�Ǧ˖ǃ�ɌˠΑ͝9Ƶř

̶̑Ģĵĥ͑ŀρř�Ϋ{ Biot ̹ ɦĄ
»̈ĢĵľȬĥ͑ŀȂΥ�{
Biot ̹ ħȎďĢĵľȬĥ͑��˺Ɍĥ�<̠Ȫʃ��ˈ{ Kozeny-
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Carmanρř `ƕ̈ȎďĢĵŀȵƼ���� 1992��LeBlancʃ�Ŝɦ
V
ĢĵľȬĥ͑̑Α͝Ǽ̶ŀρř̶�ɌˠĢĵ9Ƶř̶̑<̠Ȫρř

 �R8<̠Ȫ̑ĢĵȵƼρř�`RÛɉŀȏ�̭ƫƛ̨ʘɸŀ9Ƶř

̶ƕ̈VĢĵŀ̄σ̑1nȐÚ��ĊƊïʗµʘɸ 9 ƦɸǗ&�{ϛͺ
Αǝ�̭ƫƛ̨ħʘɸŀ<̠Ť̑˭̢ș̷ħȎ<̠Ť�ĈŅ̶ƣƇŌ�

RΑ͝˖ǃ»̈ŀǐÙΑőÝƣ̑ș̷̷rʘɸŀʅı��ƒ��Ŋ! 1 ħ
��ŴrƊïȬ͐ť�PƔŀǼ°Dψ'�� 

 
˪  1 ċš�̭ƫƛ̨˖ǃ  [LeBlanc, 1992a] 

Ŋ  1 {�̭ƫƛ̨Α͝˖ǃ»̈Ģĵĥ͑̑ȭɞĢĵș̷'I˛  

 
˖ǃĆʿ�LeBlanc, 1992a 

Ǯ
z�Ȭ͐0 ŀť�'h��̭ƫƛ̨�Ǡz�˭̢Ķ Ȓɸŀ

΁z���˭̢΁zFƛ�Nitsche ʃ�� 1998 �³ 2003 �'ʚ�ĭ
Hudson River ʗµ
�¨ŀ�̭ƫƛ̨�ǶȖΑǝ��ƜåɸȨ̨ʃΑ͝
̝ɸ̨͜ŀ£ʞ˖ǃ�ā˃ǶȖΑǝħȓ£ďŀŨ�ɩƵȌŤ�ʴǫ�̭

ƫƛ̨ŀ�̭˖Ǧ�R8̘ƜåɸȨ̨ŀ�Ú˖ǃ�1ͲVĶ Ŗ̔ǻR

8ëͪǻŀ�ǻ [Nitsche, 2004]�Ċħăzŀϛͺ�̭ƫƛ̨ðȷƂ
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EdgeTech SB-424 š�ăzͺȪƂ 4~16 kHz�RɦĄǐÙëͪľŀʅ˳�
ħăzŀǶȖΑǝŴ EdgeTech DF-1000š�ĊPƔͺȪ� 100 kHz8 384 
kHz�ǋ͠ëͪľŀȅŤ�Ĉ̄ͺȪħȒɸŀȨŤ%��1ÄŴ 1~3 cm ̑
0.2~1 cm�ħăzŀ�ƜåɸȨ̨Ŵăz Simrad EM-3000ȣǐš�RɦĄ
ä˓ȹŀ�Ú˖ǃ�Ǯ
Α̨͜͝h���șē
ʓˠ 500 ƦĢĵ̷r�
þșʞʓˠ 300 CĠA˖ǃ�ħșēŀ̷rˈˠɭǲ�̅ƙŨ�R 63µm
ŀͫ�ʗµ1ί�Ɍˠ SedigraphðȷR X-rayʗµȵƼ1ĳ� 

{�̭ƫƛ̨£ʞŀĢĵ9Ƶ�Ǧ˖ǃ�ʴǫǶȖΑǝ£ʞŀŨ�ɩ

ƵǠʘ˖ǃ�R8ȭɞĢĵș̷1ĳʅı�Ȏď Hudson River Ķ�ǻȀŀ
Ģĵ1nȐÚ��˪! 2�˪&ʫ̦˪Ŵȭɞș̷ˈȵƼ1ĳŀʅı�R­
ʜ̶ƣ 0~255 Ŋ�ǶȖΑǝħȓ£ŀǠʘȌŤ�ʤ´Ŋ�Ũ�ɩƵȌŤə
��­ʜƣƂ 0��±|´Ŋ�Ũ�ɩƵȌŤƂˣ�­ʜƣ 255��©ǻź
̼«Ƃ]G̼�žɉƐ 0.5 m/s�{ȭɞș̷ʅıϜ��©ĶźŀĢĵRĵ
ê�ϥ�ƂP�ǋ͠ Wentworth ŀ1σ [Wentworth, 1922]�ĊoÒȵƼΦ
ƣˍ� 6~6.5 ŒŌ�ρĭΦƣŀĝˋ�ȇĭȳgɕ˓X̘į��Ķ˞Ύǖ
ŀĈǄ�ą�� Montrose ș̷Ξ�˒ȾŀĶÙ§ÿɃŀƉω�ƓʧăzǶ
ȖΑǝ�ȇɹĸ˓ȹ1ͲĶÙŀĢĵÚ �¾Ŵ�ƓǠʴǫ�̭ƫƛ̨̑

�ƜåɸȨ̨�ȇǠɦĄä�ŀǐĢĢ͑ȹˇ�ʗ±ǠȄäÕͣŀ
ˑĢ

ĵ̄σ̑˝ǺF � 
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˪  2ǶȖΑǝ£ʞĢĵŨ�ɩƵȌŤ�R 256ʜ­ʜ̰˦Ŋ��̑ȭ
ɞș̷ȵƼ1ĳʅı  [Nitsche, 2004]  
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{ǶȖΑǝ£ʞŀΑ͝˖ǃ�ʴǫȭɞș̷1ĳʅı�`RȎď­ʜ

̶ƣƇ˯΁ŀĢĵoÒȵƼ����˪  3ħ�� 

 
˪  3 (a) ǶȖΑǝŨ�ɩƵȌŤ�R 256ʜ­ʜ̰˦Ŋ'�ȷƕ�(b) 
­ʜƣ̑Ģĵ&̶ȵƼ��˯΁˪[Nitsche, 2004] 

ÆzɆÿΑ͝˖ǃ�ȏǶȖΑǝΉȎŀĶÙ�̙�R�̭ƫƛ̨£ʞ

Ģ̭ĢĵëͪĿĹ̑Ģĵĥ͑�z�ƜåɸȨ̨ť�ĶÙ�Ú�κV

Hudson River ĶÙŀĢĵ˝ǺȐÚ�£ʞŀΑ͝˖ǃˈÅϘŨ�ǋ͠ǐÙ
ȶ΍Ťŀ%��āǶȖΑǝŀ�ǦȌŤ`ȇȒɸǻȀ1Ƃ��σ�1ÄŴ

(1) ȶ΍Ť˛À�Ũ�ɩƵ˛ƻŀëͪǻ�(2) ȶ΍Ť˛Ǳ�Ũ�ɩƵ˛Ȍ
ŀŖ̔ǻ�(3) �̙ÊȭķǺĿŀǺ˰ǻ�ʴǫ�̭ƫƛ̨ŀ˖ǃ�`ȹ1
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Ƃ� 8 ̄š˰�1ÄŴ��ëͪǻā͠Ģ̭ŞŤ1ƂŞ�Ζ�sĝǻ�ɹ
˖ǃ���Ŗ̔ǻ`1ƂíĎ�ĠÙ�˲΢̑Ŕëͪǻ��˪! 4 ħ��8
̄γ´1ÄŊ�©ĶȀŀĢĵ˝Ǻš˰�`ƈV�Ķ˞&iɎ1��Ŵë

ͪǻ�±Ķ˞ĈǶ�ƂŖ̔ǻ�©ƊïŴrƕ˧˭̢ș̷ɂ˧PƔŀǼ°

Dψ'��rƊïǮ
ăzϛͺΑǝ�̭ƫƛ̨˅ǴPƔΑ̝͝ɸ̨͜'

h�ȇʴǫǶȖΑǝʗµĶ �̙ŀ˖ǃ£ʞ�RɯǠȄ�ēȎ̐ϢĶ 

�ǻŀĢĵ1nȐÚŀ�ǅ��ǠȄ
ˑĶ Ģĵŀëͪ̑Ŗ̔ǻź� 

 
˪  4 ɌˠΑ͝˖ǃR8ȭɞș̷�1ͲVĢĵ��ƦǻźŀëͪĿĹ�
ā˃ëͪ�Ŗ̔ĿĹ%���1Ƃ 8̄š˰[Nitsche, 2004] 
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˪  5�l��̭ƫƛ̨̑�b�ǶȖΑǝ£ʞ˖ǃ�ǋ͠£ʞŀΑķ
�Ǧ˖ǃ�ȇĢĵ1Ƃ(a)Şëͪǻ�(b)íĎǻ̑ȣëͪǻ�(c){l
³b1ÄŴĠÙǻ�˲΢ǻR8ȣëͪǻ�(d) Ŗ̔Ŕëͪǻ�(e)Ş
ëͪǻ̑Ŗ̔Ŕëͪǻ  [Nitsche, 2004] 
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ȳgɕ  ƊïFĸ̑ˠʂ  
rƊïPƔŴăzϛͺΑǝ�̭ƫƛ̨ʗµ͏Ź�{Ć²�̭'Α͝

�Ǧ»̈ĢĵŞŤ̑ǐÙ9Ƶř̶RΉȎĢĵľȬĥ͑�ϛͺΑǝ�̭ƫ

ƛ̨ŴȆŐϣˮǐĢ�̭ƫƛȭĹŀ�̨̄͜�˝zǱˑĳŤ�̭ƫƛ̨

ʗµĢÙȣ̭9Ƶ͔ɸ�PƔYǠŴǐĢ�̭ȺΧʅ˳ɤκ�ǐĢȔưľ

Ȓɸ�þ˯͔ɸ˖ǃ(ĭȾȬ�ˑώ�κ˪�ΫR
ˑ�̭Ǔĥ̭̑5'

ȭʐ̑1Á�ƂɦǱΑ̨͜͝˯ǐÙŀȒɸǠ���Ǣħăzŀ�̭ƫƛ

̨Rī¦ ƂP����̓ɝ.͚ʘȓŌǐÙʗµĢĵ͏Ź� 

�̭ƫƛ̨ŀϜ˦ƭȬ�ó˪ 6�ŴÆzΑķ�ǐÙ�Ġ̭&ʦ̞ǅ�
�-͑%��ĊΑőÝϛ5�ăȎɎ1Ǡʘ9Ƶ�Ć�ˈ{ȓ£͜ȓ£Ũ�

�{ήɧ͜ήɧ¡ˢ�Ǧˎ�±Ǧˎˈκ˪ͦɽ¡˪˦�Λɺ̨͜eǠ£

ʞu�F�ĝ̓ɝŀ�̭Ǧˎ�¾�ı͒˅�ȚŲɸŀǡ͆�È`Șłͣ

ƦȒɸǻȀ.ǐÙ��̭ŀɈϒ1ÁȐĹ� 

˪ 6 �̭ƫƛ̨'ȒɸƭȬ�RȽ˜ �̭ƫƛ̨Ƃą̘į�(a) Α
Ǡήɧ͜Ȯy'ǱǠʘΑķ�ɌˠK̭�Ƶ³ǐÙ��̭� (b) Ɠ�
̭'ΑķőÝƣ�Αɉ̑ȅŤ'ơͪ�§įϜƹȯǅ�Ɏ1ΑǠ�©

�̭%Ɉϒƛɾyu�9Ƶŋ�ȓ£͜�d�Ɏ1ΑǠϋϒ�Ȩ̭ʦ

̵�Ć²%�ȨŤ'�Ǧ�ʦ̵ʔί%�±āØƏͶĭȓ£͜��(c) 
ĺǡ͆�'�̭ƫƛ�ȇǡ͆�%�¸ˊ'ΑķɾƵŨȓ£͜ħȎǦ

ˎþȚāØκV  [Lurton, 2010] 

  

(a)
(b)

(c)
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4.1 ϛͺΑǝĭĢĵŞŤ'ˑĳŤ  
�̭ƫƛ̨ĊPƔŀYǠŴɦĄǱˑĳŤĢÙȣ̭ëͪľŠŁƛ�ƫ

ƛ�˖Ǧ��ǅ`ʗµĢÙ�̭ƫƛ̭51ĳ�Αǝ�ŠŁ�ˑĳŤ`ȏ

ǅʚ̑ńʚŀρřĆƈ�Αǝ�Ÿ�ǅčħȓ£ďŀ�ķ˯΁ńʚ&ŀ�

}̸ľ��˪! 7 ħ��Ɠǟí̫ŤƂ T�ΑɉƂ c��ǅʚ  t = 0ǅɾƵ�
ĭ   t = t0ǅ�ȓ£ďʔί   ct0 = 2ŀȳ�Ʀ}̸ľǟ͌�ķǦˎśͅ�ĭ

  t = t0 +T ǅ�ʔί  c t0 +T( ) / 2Ⱦŀȳ�Ʀ}̸ľǟ͌�ķǦˎ��ďȓ£
͜�Ƃ
į̿ǻ1ĈƦ}̸ľŀ�Ǧ�ĈƦ}̸ľ'ʚpʢ§ʓˠ  cT / 2
ŀʔίƹ��©�Ċə�`1ͲŀʔίƂ 

   
δ z = cT

2
 (1) 

 

 

 

ϛͺΑǝ�̭ƫƛ̨ɾƵ͆ĥͺȪ͏ϛǦˎ�Ϋ{ǟ͌ͿΎÞȿ��

˪! 8 ħ��ͿΎǟí̫Ť�RɦǱŠŁ�ˑĳŤ�ǳɄͺȊ̫ŤƂ BW

T

#1

R

t

t
t0

r = 2R / c r = 2R / c 

#2

˪  7ΑǝŠŁ�ˑĳŤ�ʰ˪
 

˪  8ƭě͆ĥ͏ͺŕˎ�l�̑ˈ6ǫΤķȾȬŨŕˎ�b�  
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�`ȎĊǟ̫͌ŤƂ  T = 1/ BW ��ŠŁ�ˑĳŤ{ΑǝŕˎŀͺȊ̫Ť
Ħǟ̫͌Ťìĝ�È 

 
  
δ z = c

2BW
 (2) 

{� `ł�Ɠ§˛�ŀͺȊ̫ŤĦ˛�ŀǟ̫͌ŤŜĉ§˛�ŀʔί�

1Ͳ��ǟ͌ͿΎ�Ǭ˯̫ͺǦˎɄƕ±¡ŀ�Ċ`ăɾƵķÚͺ̫ĕķ

Úŀǅʚ̫Ťˑ͈��ȏ±ăɆĈƦǼ̶`Rͩ�ʗµ��©ăzǟ͌Ϳ

ΎÞȿ�`șz˛�ŀͺ̫ɦ7ŠŁ�1Ͳ��þ`ăz˛ŏŀǅʚ̫Ť

ΉȎ˛�YȪ�ăΑǝȒɸʔί̪ŏ�  

4.1.1ĢĵŞŤƨu�PķɉŤʘɸ  

{ĭ�̭ƫƛ̨ɸʘĢĵŞŤŀƭȬŴΫ{Αķʦ̵³įϜΑőÝϛ

5'ƅƛ�ħȮ¡�ķǦˎŀǅʚģǅʗµŞŤ»̈�±ŔŁȓʘɸȨŤ�

�©rƊïȇ̛Rȭɞ͂šĠňŀș̷�ʘɸΑķ�ëͪľŀ P ķɉŤ�
Rήɧǅʚģǅ¡ƂȨŤ� 

4.2   Hamiltonˈϝ0 ĸ  

4.2.1ĢĵoÒȵƼ̑<̠Ť'ρř   

�Ǣ±õ�ĢĵŀoÒȵƼ�� ( d ) RWentworthŀ1σŊ���Ŋ!
3�ĊĝˋĢĵŀoÒȵƼ��R Φ Ŋ��ƕ̈F Ƃ˖ǃĆʿ 
[Wentworth, 1922]� 
   Φ = − log 2 d  (3) 

�©1σĢ��Φƣ`-ĭ −8³ 10 'ʚ�˅ 8 <Φ ≤10ǅ�Σσĭϥ��
˅ 4 <Φ ≤ 8ǅ�ΣσĭȢĵ�˅&`ȹ1Ƃȶĵ�Ȣĵ�ȹĵ�ʼȹĵ�
˅ −1<Φ ≤ 4ǅ�ΣσƂƉ�Ċ&�`ȹ1¡ʼȶƉ�ȶƉ�Ɖ�ȹƉ�ʼ
ȹƉʃ��Ǣ±õ�Ģĵŀ̄σ-ĭƉďϥ�'ʚ (1≤ Φ ≤ 9 )� 

Hamilton � 1970 ³ 1971 �ŀƊïÆz�ʘŀ;oŻĢĵ̷r�1ĳ
ħȎĢĵľȬĥ͑�Ŋ! 2 ħ��þť�ĢĵľȬĥ͑ŀρř �ǋ͠Ċħ
ēȎŀ˖ǃ�ĢĵŀoÒȵƼ̑Ģĵ<̠Ť ( n ; porosity) ���Ƈρĥ�
`R  (4)Ŋ'�R©ˈϝ0 ħƕ̈ŀĢĵȵƼ��̗ƹ�  1Φ'. 
[Hamilton, 1971]� 
   n = 31.05+5.52Φ, 1≤ Φ ≤ 9( )  (4) 
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{ĭĢĵŀoÒȵƼ̑<̠Ť'ʚŀρřƇ˅͍ΰ�Ȭ͐���Ò͑

Ģĵ̭&�Ģĵŀ<̠Ť̑ȵƼ��ŀρř΁Ƃ�ƒ�¾�˭̢��˅Μ

ȵ��ϛ��ĊΜȵʚ̳΄��Ν˷ĥʺ̪X��©oÒȵƼ̑<̠Ť'

ʚŀρřƇ˅͍ΰ�ǋ͠ Hamilton ĭ 1970 �ŀɟÌÆzΑķu�9Ƶ�
Ǧ˖ǃ�óŊ 4�Α̝͝ɸFĸΛ§Ċ̗ƹ��ĭ�ɜ¸ȵƼƣΦŀ̗
ƹ��¾΁`ͲνV%�Ģ͑̄σ�  

{ĭ Hamiltonŀˈϝ0 ŴRǐŻëͪľ˖ǃħť��̑̐ϢĶ §
ħ%��rƊïȇǋ͠©ˈϝ0 ̹š� (4)	�àV̐ϢĶ Ģĵŀ<
̠Ť�þRȭɞș̷ŀ1ĳʅı¿Ƃƨu�Rť�͒z̐ϢĶ Ί˫ŀˈ

ϝ0 � 
Ŋ  2  Hamilton� 1971�ĭ;oŻħʘɸŀĢĵľȬĥ͑  

 
˖ǃĆʿ�[Hamilton, 1971] 
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Ŋ  3 WentworthĢĵ1σŊ  

 
˖ǃĆʿ�Wentworth, 1922 
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Ŋ  4 �ɓɲǻ�%�ëͪľŀΑőÝ̑Ċu�9Ƶř̶̑9Ƶʷj�
��ƨâ² Hamilton (1970)̑ Lurton (2010)	  

 

4.2.2Ģĵ<̠Ť̑u�9Ƶř̶'ρř  

<̠ŤƂȥ�ľ&ń̠Ϟͪ̑ͣϞϞͪŀIƣ��K&�ń̠ŀɎ�

ʺɀKʭU��©`̬¡[LeBlanc, 1992a]�   

 
 
n =

ρg − ρw

ρg − ρb

 (5) 

Ċ& ρbŴĢĵŀϞͪȅŤ� ρwŴĢKŀȅŤ� ρgŴĢĵ&ŀΜȵȅŤ�
nŴĢĵŀ<̠Ȫ� 

˯ĭ�̯ĥ-͑&`ͿΎķŀķɉ�`R� Ŋ'� 

 
  
cb =

1/ βb + 4µ / 3
ρb

⎛
⎝⎜

⎞
⎠⎟

1/2

 (6) 

Ċ& β bŴĢĵ�ÐKȐĹ�ŀϞͪͿΎĥ� µŴƬĥ̶̹��ʯ�Ϳ�Π
Ǻ��ϞͪͿΎĥ̑<̠Ť¡͆ĥρř� 

�ʆ̽ˠʂ&�-͑ŀϞͪͿΎĥɀĝˋƂ�Ϳ�âϛ��Ċɜ¸Ϟ

ͪŀâϛʘ� 

 
  
βb = − 1

V
∂V
∂p

 (7) 

Sediment Type Φ
ρc R BL (dB)

mean std mean std mean std
Sand

Coarse 1 3.7347 - 0.4098 - 7.8 -
Fine 2 3.4433 0.04 0.3749 0.005 8.6 0.12
Very fine 3 3.2645 - 0.3517 - 9.1 -

Silty sand 4 3.0633 0.05 0.3228 0.008 9.9 0.2
Sandy silt 5 2.4201 - 0.2136 - 13.5 -
Sand-silt-clay 6 2.4939 0.059 0.2504 0.01 12.1 0.36
Clayey silt 7 2.1989 0.026 0.1767 0.012 15.2 0.66
Silty clay 8 2.1571 0.024 0.1586 0.005 16.1 0.29
ρc = �������g·m/cm3·sec X 103!

R = ��	���
!
BL = ��	������dB!

mean = ��
�std = ��
!

!
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�ÐKŀȐĹ��ĢĵŀϞͪͿΎĥ`R1ˑ¡Ģĵ.Ɏ�-͑ŀ͆ĥȺ

���ɡŴ� 

 
  
βb = − 1

V
∂V
∂p

= −
Vw

V
1

Vw

∂Vw

∂p
⎛
⎝⎜

⎞
⎠⎟
+

Vg

V
1

Vg

∂Vg

∂p
⎛

⎝
⎜

⎞

⎠
⎟

⎛

⎝
⎜

⎞

⎠
⎟ = − βwn+ βg 1− n( )( )  (8) 

Ċ& β wŴĢKŀͿΎĥ� β g ŴĢĵ&ΜȵɎ1ŀͿΎĥ��©�Ģĵŀ

Α͝őÝ`Ϋ{�Ƙ �ͣȬŨȎď� 

 
  
Zb = ρbcb = Zw

n+ ρR 1− n( )
n+ βR 1− n( ) +

4
3
µβw n+ ρR 1− n( )⎡⎣ ⎤⎦

⎛

⎝
⎜

⎞

⎠
⎟  (9) 

 &  
ρR = ρg / ρw�ŴĢĵŀΜȵȅŤ̑KȅŤI�Ċƣ�ƐŴ 2~3�Ċ&

ĢKȅŤŴ 1025 kg/m3� &  βR = βg / βwŴĢĵŀΜȵͿΎĥ̑ĢKͿΎ

ĥŀIƣ�Ċƣ-ĭ 0~1�Ċ&ĢKͿΎĥǋ͠Dψ��ƐŴ

 42.94×10−11m2 /N �   &
  
Zw = ρw / βw( )1/2

ŴĢKŀΑ͝őÝ�ĊƣƐ

 1.549×106 kg/m2s�R�ħɤƘŀ  
ρg ,  ρw ,  β g ,  βwǼ̶ƣŴť�� 1 �ǎͿ

��ˀŤŴ 23°CŀΊ˫�ħʘɸďŀ̶͠ [Hamilton et al., 1956]��©�
ĢĵŀΑɉˈ�Ƙ �ͣȬŨ`Ȏ�

 

 
  
cb = cw

1
n+ βR 1− n( )⎡⎣ ⎤⎦ n+ ρR 1− n( )⎡⎣ ⎤⎦

+
4 / 3µβw

n+ ρR 1− n( )⎡⎣ ⎤⎦

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

1/2

 (10) 

Ċ&ĢKŀΑɉƂ  cw = 1 βwρw�ĊƣƐƂ 1504 m/s� 

 (9)̑ (10)Ɉʅ
<̠Ť�Ƭĥ̶̹̑ΑőÝƣR8Αɉ'ʚŀρ
ř���Ʀ"łŀΊ˫��kǳɄ
 ρR ,  βRɣQŴƦȉ̶��©�ŊĢ̭
&�<̠Ť̑ƬϞ̶̹Ƃƕ̈ΑőÝƣŀPƔ����©ǳɄƬĥ̶̹Ƃ� 

   µ = µ0 ρb ρw −1( )η  (11) 

Ċ&Ŵ µ0Ƭĥř̶�ēìĭëͪΊ˫�Ċƣ�ƐŴ 5×1015  N/m2�± &

ŀ  ρb ρw −1( )Ŋ��ɜ¸ϞͪŀĢĵ&ƬĥϞ�Μȵ�ŀʘƣ�ηŴ�ʰ
Ŭ̶Ǡʘȉ̶�ĊƣƐƂ 1� 

ȓʋɌˠĢĵŀ9Ƶř̶̑Α͝őÝŀρř � 

 
 
R =

Zb − Zw

Zb + Zw

 (12) 
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ƓǠēȎ9Ƶř̶�ŗǠ9Ș�Ģĵŀ<̠Ȫ�Faas zgȺ%�ŀȅŤ̑
Αɉ˖ǃ�zə�oF΅�ĸ�àV
9Ƶř̶̑<̠Ȫŀˈϝ0 [Faas, 
1969]� 
   R = 0.6468− 0.6456n, 0.35 ≤ n ≤ 0.85( )  (13)  

ǋ͠%�ŀȘͪΊ˫�ˈϝ0 ŀṛ̶̌ƔˈˠǇu�Hamilton ǋ͠Ċ�
;oŻ�șʞ�ʘŀ̷r�ˈˠ˭ϝ1ĳŀ̶̑͠ȭɞʘɸŀ̶ͣ͠ȬŨ�

ΏʅVċšǐĢëͪľŀĥ͑��Ŋ! 2�Hamilton ȇǐÙ1Ƃ�̄%�ŀ
ȁͪš˰�1ÄŴ�ɓɲ�ȨǐOɑ̑Ȩǐoƭ�ǋ͠�̄%�ŀȁͪΊ

˫ͣȬ
�̄ˈϝ0 �1Ä��[Hamilton, 1971]� 
   R = 0.6692− 0.666n;  �ɓɲ (14)  
   R = 0.6199− 0.607n;  ȨǐOɑ (15)  
   R = 0.6461− 0.646n;  Ȩǐoƭ (16)  

ǋ͠ś�ͣȬŀˈϝ0 �Üƥ`{�̭ƫƛ̨ēȎ9Ƶř̶˖ǃŨ�Ɍ

ˠˈϝ0 Ûɉŀƕ̈VĢĵŀ<̠Ť�ȓʋǋ͠<̠Ť̑ĢĵoÒȵƼ

��ρř ȎďĢĵȵƼ˖Ǧ�{ĭDψť�'ˈϝ0 �͒zĭ�Żŀ

Ί˫�rƕ˧ȇșʞ̐ϢĶ ŀĢĵ̷r�̣ƨuˈϝ0 ŀř̶�Rà

V͒zĭ̐ϢKDΊ˫�ŀˈϝ0 � 

4.3 Biot̹ ĸ  
Ǯ
{9Ƶř̶̑<̠Ťŀˈϝ0 éȎ<̠Ť'h�Schock ɦVă

z Biot ̹ ˈ{ϗTŀF �àV9Ƶř̶̑<̠Ťŀρř [Schock, 
2004]�Ɍˠ Kozeny-Carmon Fʂ ɤƘĢĵŀoÒȵƼ��  (d )̑Ģĵ<
̠Ť (n )8˺Ɍĥ (κ , permeability) ĉ§Ƈρĥ[Hovem, 1979]� 

 
  

κ = d 2n3

36K 1− n( )2  (17) 

Ċ&

� 

KƂϖƙř̶�ƓĢĵȵƼ�Êȭʫ̇Ŀ�Ŝ  K = 2�˅ȵƼ��Êȭ
ȫĿ�Ŝ  K = 5� 

ǋ͠ Schock Ɗï[Schock, 2004]�ăz Biot ̹ àVoÒȵƼ��ŀ
ƕ̈žʂ�˪ 9ħ�� 
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˪  9 oÒȵƼ��ƕ̈žʂ˪�

� 

nŴĢĵŀ<̠Ť�κ ŴĢĵŀ
˺Ɍĥ  

Ơ��{�̭ƫƛ̨ħȎďŀĢĵŊƛ9Ƶř̶�Ǽ˃ Biot ̹ ƕ̈
Ȏďŀ<̠Ť̑9Ƶř̶˯˃˪��˪! 10�˅9Ƶř̶Ƃ −9  dB ǅ�ĊƇ
˯΁ŀ<̠ŤƂ 0.389 [Schock, 2004]��RȎďŉěŀ<̠Ť� 

�%�ëͪľŀΑ͝ĥ͑�ΑőÝ�%�ȇȮyįϜ1̭�©1̭ȇ

͞ƒ�ƅƛŀ9Ƶř̶ƹȯ�{Αķ�Ǧ˖ǃÈ`àVĶÙŊ̭̑¨Ŋ̭

ŀ¸ˊ�þàVĢ�¨Ŋ̭ŀ9Ƶř̶�ɌˠĶÙŊƛR8ĶÙ¨Ŋ̭ŀ

�ǦͺμI (spectral ratio)�ǮRΑķ�ĶÙŊ̭ʦ̞ŀα�˚ƼŏŤ��
Ǣ±õŴĈƢŀŊ̭ĢĵŞŤ�Ɍˠ͆ĥǪΣ`àVǣɷȪͷͺȪŀϛ5

�țȪ��ÈƂŊ̭Ģĵ˯ĭ%�ɾƵͺȪŀǣɷȪ (attenuation roll-off)�
Ċɜ¸Ŋ�Ƃ dB/m/kHz�Ɍˠ Biot̹ `ƕ̈ȎďΑʿ&AͺȪĊǣɷȪ
̑˺Ɍĥŀρř˪��˪! 11�Ϝ��&AͺȪƂ 6 kHz ǅ�˅ǣɷȪƂ
0.3155 dB/m/kHzǅ�ĊƇ˯΁ŀ˺ɌĥƂ 4.96×10−11m2 [Schock, 2004]��
ŗ`{ǣɷȪ˯΁V&AͺȪ˯ĭĢĵŀȳ�T˺Ɍĥκ � 

ēȎŉěŀ<̠Ť̑˺ɌĥǼ̶Ũ�Ɍˠ̶ƣϗTF �Ȏďȳ�¨

ϗT�ȳ�¨ϗTŀ<̠Ť̑˺Ɍĥ�þȇĊȊ� Kozeny-Carmon Fʂ 

�)"
��5N���5+
�92M�5.R

2M,Q&($A@N&
@+�9TX�

;E�P/N�5.RKE
J<%&(�P/

?I4������
���	�����C�2M
<%�!>7��

attenuation roll-off

n

Y��3�
O6

n
κ

;EL?'N8B=KEJ#
�H*T=�&(+L?'

�9TX�:�W1UDG7
-/FS'�V0�#�$�

V= 8B=
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&�Łďƕ̈ŀȵƼ��£Ά³ŸƣŨRƚÀ̗ƹ�əŨ�ȇĊɌˠ (17)
ÈǠȎďĢĵŀȵƼ��˖Ǧ[Schock, 2004]� 

 
˪  10{ Biot̹ ƕ̈V<̠Ť̑9Ƶř̶ŀρř˪[Schock, 2004] 

 

 
˪  11{ Biot̹ ƕ̈ȎďǣɷȪ̑˺Ɍĥŀρř˪[Schock, 2004] 
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Fig. 5. Reflection coefficient function of frequency for six values of porosity.
For each value of porosity, the reflection coefficient function is plotted for the
expected mean grain size and for the 70% confidence intervals. The expected
grain size introduces only a small error into the estimation of porosity from the
reflection coefficient for most surficial sediments.

0.1–0.17 for sediments based on measurements of shear and di-
latational wave velocities. Yamamoto [27] states that Poisson’s
ratio is in the range of 0.15–0.35 for unconsolidated marine
sediments. This paper assumes that the relationship between
Poisson’s ratio and grain size is

(48)

6) Log Decrements: The shear and dilatational log decre-
ments for the sediment frame are inversely proportional to the
effective stress [8]

(49)

where is the average total stress at depth . Since the
average total stress is proportional to subsurface depth for ho-
mogeneous sediments, the log decrement at a subsurface depth
of m is

(50)

The values of the log decrement for volumetric and shear
strain of the frame, determined by experiments conducted by
Stoll [30], are approximately equivalent and equal to 0.1. The
shear and log decrements are assumed to be 0.1 at a subsurface
depth of 20 cm (or, equivalently, 0.14 at 10 cm).

m

m (51)

Fig. 6. Graph for estimating porosity from the reflection coefficient
measurement at 2000 Hz. The bold line was calculated using the Biot model
and the expected grain size (34). At the SAX-99 site, the reflection coefficient
of 9.00 dB at 2.0 kHz yields an estimated porosity of 0.389.

C. Procedure for Estimating Porosity From the Reflection
Coefficient

The inversion procedure estimates sediment porosity from the
measured reflection coefficient using (32), the expected mean
grain size (34), and the parameters in Table III. Fig. 5 shows that
using the expected mean grain size to estimate permeability, a
Biot model input parameter introduces only a small error in es-
timating porosity from the reflection coefficient for most sedi-
ments. The reflection coefficient is plotted as a function of fre-
quency for six values of porosity. For each value of porosity,
the reflection coefficient function is generated for the expected
mean grain size and for the grain sizes associated with 70% con-
fidence limits of (34).

The porosity of the sea bed is obtained from the porosity–re-
flection coefficient relation at a selected measurement fre-
quency. For example, at the SAX-99 experiment site, the
reflection coefficient of the sediment–water interface measured
with the chirp sonar at 2.0 kHz is 9.00 dB with 70% con-
fidence limits at dB. A curve for looking up
the porosity using the reflection coefficient measurements is
given in Fig. 6. The reflection coefficient–porosity relation at
2.0 kHz was calculated using (32), the regression equation (34),
and the property interrelationships in Table III. Porosity errors
are determined by regenerating Fig. 6 for each of the 70%
confidence limits of the measured reflection coefficient. The
error limits of porosity associated with 70% confidence limits
of the reflection coefficient measurement dB are
0.389 0.08. A more detailed discussion of the porosity error
is left for the Results section.

D. Procedure for Estimating Grain Size From the Attenuation
Rolloff Measurement

The procedure for estimating mean grain size consists of two
main steps. The first step is to calculate the permeability given
the attenuation rolloff measurement and porosity estimated from

Authorized licensed use limited to: National Taiwan University. Downloaded on April 16, 2009 at 22:23 from IEEE Xplore.  Restrictions apply.
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Fig. 19. Spectral ratio of echoes from the sediment–water interface and
reflector D divided by the two-way path length. A line is fitted through the data
by minimizing the square error. The slope of the line is 0.300 dB/m/kHz.

Fig. 20. Spectral ratio of the echoes from Reflector E and the sediment water
interface contains interference from echoes originating at the top and bottom of
the thin layer at reflector E shown in Fig. 18. Oscillations in the spectral ratio
indicate interfering echoes.

shown in Fig. 20, the spectral ratio for reflector E has large os-
cillations caused by the double echo at reflector E, as seen in
Fig. 18. Reflector F, which appears to be a scattering layer, also
generates significant acoustic interference and is not usuable for
the attenuation rolloff measurement.

V. RESULTS

Remote acoustic estimation of the acoustic and physical
properties of the sea bed at the SAX-99 site is based on
chirp sonar reflection coefficient and attenuation rolloff mea-
surements. The reflection coefficient of the sediment–water
interface measured at 2.0 kHz is 9.00 dB with 70% confi-
dence limits at dB. Recall that the reflection
coefficient at 2.0 kHz was calculated using (32), the regression
equation (34) relating porosity and expected mean grain size
and the property interrelationships in Table III, and plotted

Fig. 21. Attenuation rolloff as a function of permeability at 6 kHz for
sediments with a porosity of 0.389. The first iteration of the inversion predicts
a permeability m for SAX-99 site sediments.

as a function of porosity in Fig. 6. In order to quantify the
porosity errors, Fig. 6 is regenerated at the error limits of
the reflection coefficient measurement. The 70% confidence
limits of porosity associated with 70% confidence limits of
the reflection coefficient measurement, dB are
0.389 0.08. For the case of no reflection coefficient measure-
ment error, the porosity error limits due to the one decade range
of permeability error caused by the Kozeny–Carman equation
are 0.389 0.14. For the case of no reflection coefficient error
and a correct expected permeability, the porosity error limits
associated with the range of possible mean grain sizes for 70%
of ocean sediments are 0.389 0.13. If all three types of errors
are considered, the porosity error limits are . At the
SAX-99 site, the average porosity measured using 18 diver
cores is 0.372 0.0073 [13]. The permeability and mean grain
size error limits associated with the porosity error limits are

m and , respectively. Note
that the permeability error limits are two decades apart. As
shown later, the attenuation rolloff measurement significantly
reduces the error for the estimated porosity, permeability, and
mean grain size.

Given that the attenuation rolloff measurement is sensitive
to permeability, the measurement provides a large reduc-
tion in the permeability error limits. The average attenuation
rolloff for reflectors A, B, C, and D shown in Fig. 13, 16,
and 18 is 0.3155 dB/m/kHz. The center frequency of the
measurement is 6 kHz. The porosity determined from the
reflection coefficient measurement is used to
generate the plot of attenuation rolloff against permeability
shown in Fig. 21. From this plot, the permeability of the
sediment is m . This permeability value is used
to recalculate the reflection coefficient–porosity relationship
and to obtain a new porosity value. After three cycles of this
recursive procedure, the values of porosity and permeability
converge to 0.376 and m , respectively. The
error limits associated with the 50% confidence limits of the
reflection coefficient measurement, dB are

Authorized licensed use limited to: National Taiwan University. Downloaded on April 16, 2009 at 22:23 from IEEE Xplore.  Restrictions apply.
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4.4 ʘɸ9Ƶř̶ R 
Ϋ{ĶÙŠŁ9Ƶŀ�ķȌŤ�ȇǦˎˈȫƛΟɩƨuŨ�ĊĆ²Ķ

Ù�¨Ƶ�ķŀͺμ`Ŋ�Ƃ 

 
  
B1 f( ) = 1

2r1

X f( )Hs f( )X * f( )R f( )  (18) 

Ċ&  r1ŴΑʿ��̭ƫƛ̨�̑ĶÙʚŀʔί�  X ( f )ŴɾƵǦˎŀͺμ�

 Hs f( )Ŵðȷʦ̞Č̶�Ħ̅'ƂǌĲČ̶�� R f( )ÈĶÙ̑Kƅƛŀ9
Ƶř̶�ĝˋƂ 

 
 
R f( ) = Pr f( )

Pi f( )  (19) 

 Pȓ Pi1ÄTŊ�ĶÙ̑Kƅƛŀ9ƵΑķ̑�ƵΑķŀͺμ�ƓǳɄK

ƛoˁ�π�ŜĶK̑ńǎƅƛŀ9Ƶř̶Ƃ −1�©ǅΑķˈ{�ƙ9Ƶ

�ʦ̵˚ƼƂΑʿ-ĶÙ-Kƛ-ĶÙ-Αʿ�ŀͺμ`Ŋ�Ƃ 

 
  
B2 f( ) = − 1

2r2

X f( )Hs f( )X * f( )R2 f( )  (20) 

Ċ&  r2ƂΑʿ̑ĶÙʔί�X�KȨ�ȇ (20)̑ (18)ƇǮ�È`ȎĶÙ
̑ĶKƅƛŀ9Ƶř̶���  

 
  
R f( ) = −

r2B2 f( )
r1B1 f( )  (21) 

�ΉȎ9Ƶř̶Ũ�ŗǠɌˠˈϝ0 (12)àVĢĵŀ<̠Ť��Ɍˠ
 (4)ȎďĢĵoÒȵƼ��ŀ˖Ǧ�ĦŴÆz Biot ̹ �{9Ƶř̶àV
˯΁ŀ<̠Ť̑˺Ɍĥ�z̶ƣϗTŀF £ΆàVoÒȵƼ��� 

4.4.1�̭ƫƛ̨͜Ǉu  

ăz�̭ƫƛ̨ʗµ͏Źś�̣ʗµǇu¿ʻ�{ĭ<̠ȪĦȵƼ�

�'»̈�ȂĭΑķ9Ƶř̶ŀ���±�̶ŀ�̭ƫƛ̨þ%ʺǤͶħ

ɾƵǦˎ��©̣ƔΫ{Ǉu¿ʻ�RȎďò�ŀ˖ǃş͑�rƕ˧Ǽ°

Edgetech 0cťύŀǇuFĸþʗµ͒˅ŀƨâ�ȇīɗ9ήþ�Ĭ³%
�KȨRʘɸ9ƵķŀǠʘ��˪! 12��¢ǮɣºΟɩʷjŨ�È`Ș̈
þǇuɾƵǦˎ'ȌŤ�¾©ǇuFĸpʢŴ�KƛŔȉo͹ŀȐĹ��
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$Ǡ§Ȏďò�ŀǂı�˅ǐĹ%Ăǅ�`Ǽ°ǿhÆzǓ̕Ŏϐȫ˅}

̸ľ�ĆʗµǇu!¿�(Staton and Chu, 2008) 

 

˪  12 ā%�ȨŤʗµ�̭ƫƛ̨'Ǉu�˪�Ƃʔǐƛ 10?ǅ�
ΑåħȦ̒'̓ɝ�  

4.4.29Ƶř̶̗ƹƨu  

�˭̢ǐȀΊ˫ʗµȒɸǅ�ƂéȎ˛u̿ŀ9Ƶř̶�Üƥpʢ°

̲R��ǚʗµƨu� 

�̭-͑ŀʦ̞  

Ǭ˯Ģĵ1̭ŀȐĹ��ıƔƕ̈¨̭ŀ9Ƶř̶�Ɣ_ǥ͐ΑőÝƣĤǐ

Ù�Fʦ̞ĦͷȨŤŀϛ5ʘ��©ÜƥpʢƨuΑķˈˠǼ°̭ƛŀ�

Ʀ9Ƶř̶ƣ RnƂ 

 
  
Rn =

AnRn−1

An−1(1− R2
n−1)

 (22) 

AnƂȳ nƦƅƛŀ9Ƶŀǁɢ� 

Οɩʷj  (Spreading Loss) 

˯Αķ±õ�ǐĢƂ`ƍɌƅƛ�ħR�ŏʔίʦ̵ŀˠʂ&�Αķ

%΢ŀʦ�ǐÙ±ǏɩǠʘ�§ρĭȣǐΑ͝ŀʦ̵�"ˈ§%=Ȭ̹͐

 �±N+ɺ%΢ŀɾƷ˅&�¾Ŵ�Ȭ̹͐ ŀˤɸ̑˭̢ʘɸ�+ς

Ήƒ˶ʰŀʅı�əPƔŀ�ǚ�ĭʦ̵̹ ŀ͍ΰĥ��ȣǐΑ͝&�

ħ§ŀΊ˫�ǚɏŧƙƔ�Ɇÿ�ǚZŭǐƛ�KϞ�ǐĢŀǐŻ͝Ƈρ
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Ǽ̶�ɺ±�ɆÿƇρǼ̶%ʧ�ǅʚ�±N�ńʚ�ɏĉ§�ϛĥ�R

ƒɹĸΉƒ˓ȹŀ˖ǃ�%ùRu̿ŀ̹΅Αķʦ̵ħ̣ŀƇρĥ͑� 

Αķ�ǐK&§ŧ�ŀƍɌĥ�¾ŴǐŻΊ˫ŀ͍ΰ�ăΑķ�ǐK

ʦ̵ǅǠʘ`ǠʺÏ£ĦǏɩ�ǐK˯ǱͺΑķ§ŧȌŀÏ£ĥ�±e§

˯ÀͺŀΑķĉ§˛ǱŀƍɌĥ�Ǯ©'h�Κ§ĊSǐŻΊ˫�ǚ�ʺ

˯Αķɋ¡Ǡʘǣɷ�rƊïeǥ͐Αķ�ǐKʦ̵ǅ��ƂΞķʿȫϞ

Οɩŀʦ̵˚Ƽ±͞ƒŀǠʘʷj��ŴəȂrŀǽδ�Αķ�ǐK&ʦ

̵ǅ�˅ΑʿȇΑķƵ�K&±ȮyΑķNʙěʦ̵ǅ�Ơ�ƛΕŀɡŴ

ɣºΟɩ (geometric spreading) ŀǽδ�RΞΑʿħȮy'�F�Οɩ�˅
�ĝʘŀΑǠˈ{ʦ̵Οɩ±ɩÁ�ʒĆʒ�ŀȫƛ�ǅ�Ɇ̄�ɣºΟ

ɩħȮyŀʦͱʷj�Üƥpʢ�ħ£Ȏŀ˖ǃʗµƨu�Rƕ̈˛u̿

ŀ9Ƶř̶ƣ�Αķ�ˈˠK̭ĕĤ��Ʀ̭¨Ǡʘʺ%΢ɷ=�Ċρř

Ƃ� 
   p x,ω( ) = p 0,ω( )e−αx  (23) 

 pƂΑͿ�αǣɷř̶� xƂµʗʔί�ω ƂôͺȪ� 

RΑķ�-͑&ʦ̵ǅ�¹ͷΑķŀǠʘ`RzΑȌ (sound intensity) 
Ŋ��ɜ¸Ƃ1÷ (dB)�TŊǠʘʦ̵ŀ��̑F��Ƃ��ʘ�ΑȌŀ
ĝˋƂɜ¸ǅʚŠŁĭķǭƛ'ɜ¸ƛͪ&�ΑķħͱǩŀoÒǠʘ�Ċ

ĝˋ�� � 

 
  
I = 1

T
p(t)v(t)dt

0

T

∫  (24) 

 & I ƂΑȌ�v Ƃ-͑ȵ�ɉŤ�ǋ͠ΑőÝĝˋ�Ϳ�̑ȵ�ɉŤI�
�ɡŴɋ¡ɜ¸ȵ�ɉŤħ̣ŲXŀͿ�� 

 
 
Z = p

v  (25) 

Z ŴΑőÝƣ�Ɍˠ (25)R8ΑȌŀȂrĝˋ� (24)`ͣȬƂ� 
 

 
  
I = p2

Z
= Zv2 = a2Z

ω 2 =
Pac

A  (26) 

 & aƂôXɉŤ�ω ŴôɉŤ� PacƂΑYȪ�ɜ¸ǅʚΑʿͱVŀΏǠ

ʘ� AƂɜ¸ƛͪ��rƕ˧&�Αķʦ̞ʧȏǐŊ³ǐÙ��©ȇΑʿ
ʍƂȫƛķΟɩ�ȏ (26) Ŝ`RȎď�ʔί rȾŀΑȌƂ� 
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Ir =

Pac

A
=

Pac

4πr 2  (27) 

ȏ (26)̑ (27)`ł�ΑȌ��̑ΑͿoF¡uI�ΑȌ̑ʔίoF¡9
I� 

 
  
I ∝ p2 ∝ 1

r 2  (28) 

ű`ȎΑͿ˘ʔί¡9I� 

 
  
p ∝ 1

r  (29) 

©ƨu͒z�Α͆ŴŁ͆ŀΑķʦ̵ȭʐ�±�̭ƫƛ̨ȒɸăzŀŴŠ

Ł�ƵŀΑķ�Ǧ˖ǃ�ű͒z©ƨu��©�Üƥăz©ρřƨuǠʘ

ǣɷρř�  

³©"
ˑ�ºȏΑ͝˖ǃ9Ș�ĢĵŀľȬǼ̶�ȓ�Ćʙě-ȸ

Ȓɸǅŀ̨̑͜žʂ� 

4.5 ăz̨͜-ȸ  
rƕɽʺǕzȽǰďŃ�Ƹh�ȂʝĶĕȡKĶŀ�ʺȾKȀ¿ʻ�

ħăzŀȽϜ��˪! 13��1:1źăz%�ŀ̨͜Ʉɘ£ʞΑķ˖ǃĕ
șʞ�̷�ħăzŀ̨͜Ʉɘ̘į��� 

 
˪  13rƕɽ¿ʻŀȽǰĕ͞ǡɄɘ  
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4.5.1�ȫ͋ŵĝ¸ðȷ  
ĝ¸ăz�ȫ͋ŵĝ¸ðȷǴȽǰ͞ǡ�¿ʻÕ¡Ũș̷ΞĦɸΞ¸

ˊʺRƹ1ĝ¸ĸƨu'�ăĝ¸̉Ť̪ʗƂ 2 0?�95%ŕͯK˂��
¿ʻ˅&ʺȇ GPS ĝ¸:͆ɈȓĭͣȺɄɘŀu�F�þȇkŀĝ¸Ξĕ
ɸΞ̨͜¸ˊ��Ɯ˥�ŀƇ˯ɣºʔί¸ˊƏͶR¿Ƃĝ¸ΞŀƨuǼ

̶�}ŀŴăȎΑķ˟ďŀ¸ˊĕș̷ŀ¸ˊ˽ʘˍ���Ξ¸��RĄ

I˛�rǉħăzŀŴ Thales Group DG14�˪! 14�š͋ŵȓ£̨��ǅ
`ȓ£ 12 Μ GPS ͋ŵ�k`ȇ͋ŵĝ¸Ƈρ̶ƣͱV³ˢˌĄƹ1ĝ¸
ȾȬ'z� 

 
˪  14 Thales Group DG14 GPS 

4.5.2ǶȖΑǝ  
ǶȖΑǝÆzŨ�ɩƵǠʘ'��̰̑˦ŀǙȬ�ńʚ�ŀ1nĆͲ

ν͏ŹǻȀ.'ŊÙĢ͑ǓĥR8}̸ľ'Åώ�rƕ˧ˤƕăzǶȖΑ

ǝ EdgeTech 4200ȑĐðȷ̑īɗ��˪! 15�Ċĉ§ 300 kHz8 600 kHz
αƜͺΑķ�ƕɽŲɸǅʺ�ǅȓ£Ĉ̄ͺȪǦˎ�ÆzĈǦˎŀ�ΑȌ

ƻ¿1ĳ�ĆÅ΢Ģ͑ŀľȬǓĥ�ŲɸǅīɗʔǐÙǱŤŘūʘɸțʔ

ŀ 10%~20%�ăȎΑķŀ&iǠʘʖˍ�ĔɸǻȀ̓ɝŀ&iǻ� 

 

˪  15�l�EdgeTech 4200ǶȖΑǝīɗ��b�EdgeTech 701-DLΑǝ
ȑĐ͜  
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4.5.3�̭ƫƛ̨  
rƕ˧ͳ͡ăzŀ�̭ƫƛΑʿðȷƂϛͺ ΑǝɾƵ͜ (chirp)�ħ

ăzŀɄɘƂƑǿ EdgeTech0cħ̕ɋŀ 3100P̶¸ϛͺ͔ɸ̨�īɗš
ˎƂ SB-216S��˪! 16�˒̨͜ͺȪ̓ɝƂ 2~16 kHz�¿ʻƂϕ8ðȷ̶
¸5ŀǺ˰̓ɝ�ͳ͡&ͺź 2~12 kHzŲɸ�©ͺȪΑķ˯ʀΌĠÙ%ĉ
ƍɌ��¾�ȶƉ&`˟ 60?�ĵ̭&`˟ 800?� 

 
˪  16 �l�EdgeTech SB-216S īɗ��b�X-star̶¸ϛͺ͔ɸ̨ȑ
Đ͜   

4.5.4Ģĵșʞðȷ  

rƕ˧ħăzŀáĵ͜�˪!17ħ��˅�ĬˊǐÙŨā�Ǣĵ͑Ģ͑
ŀĿĹ`áēŊƛƐ 30 01lbŀ�̷�Ɠ�Ό~ǻŜ`ǠʧǠáēÿɃ
ˆƶ� 

 
˪  17áĵ͜  

4.6 ̟ ǃȾȬžʂ  

4.6.1 �̭ƫƛ̨͔ɸ˖ǃ  

ȏȭɞ£ʞ͔ɸ˖ǃ̣ˈˠ��ȾȬçϠ�$`ΉȎ�̭˖Ǧ� 

1. ˖ǃήɧ�Ƃ
̪XȾȬǂȪ�ȇ˿Ȋ.ŀ˖ǃ�Æzʂ ĭ!¿Ǘ
.Ɋ¨þɊ·ŀèƦ͔ɸɸΞ˖ǃήɧĭʀ̀.�þÆž˚ȇήɧ
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Õ¡ŀ SEGY͔ɸ˖ǃǌ ʦďďĊS!¿ˢˌ� 

2. ƫƛ˖ǃȾȬ�ÆzɅϞ SBI ȾȬ͔ɸ˖ǃ�ZÐĝ¸˖ǃǇu�̰
˦ȌŤ̪ǔ�˖ǃƷ��Ģĵ̭ŞŤͲν�R8}̸ľ̸�ʃ� 

3. κ˪�ȇƫƛ˖ǃā͠Ċńʚ¸ˊ̑ǡ˗ŀ1n�ɊȟRėĝF�ȇ
͔ɸƫƛƷ��þ̸Ɩ̘į˒˼½}̸ľŀ¸ˊκ̕¡oƛ̑ƫƛ˪� 

4. 9ƵǦˎȾȬ�ȇ SEGY ħǤͶŀ9ƵǦˎÆz Matlab κ̕1ÁȐĹ�
đÇÅ΢ǐÙȣ̭ëͪľŀ¸ˊĕƕ̈9Ƶř̶� 

4.6.2 ǶȖΑǝ˖ǃ  

ǶȖΑǝðȷ`RÆzΑķĪ˟ǐÙ9Ƶ�ĆŀΑķǁͰȌƻĆ͏Ź

ǐÙŀĢ͑Ǔĥ�ƭĆkŀăz}ŀŴzĆϣˮ�ǐÙ�ŴÉ§ǓǍŀ͆

ĥȌŨ�ɩƵ̰˦�_ʶŹÓˍ�ǐÙŀhĆ}̸ľ�ĦŹ˕˯Ų!§η

ŀ̡ηľ¸ˊ�˖ǃ£ʞŨrƕɽ�ʺăz Triton Perspective Mosaic One
ǶȖΑǝȾȬ̹Ⱥ�kǠȇǦˎǴ̪ǔ�ǴǦˎȌŤoͭĕ˯è�Ƕ̰͆

˦¿ńʚŀŪ˪� 

4.6.3Ģĵș̷˖ǃ  

1. ˅ȽµʗďħɄˊŀș̷Ξ¸ˊǅ�ȇșĵ͜zιǛˉ�Ũ�˱˱Ĭ
�K&ʗµș̷�ș̷Õ¡Ũ�ȇșĵ͜Ĩ�Ć�ȇșĵ͜șȎ'̷

rˊĬĭ�šƴ͜.�þ1Ĭ³̸§˒Ⱦș̷Ξ̈́ˎŀǲȩˊľɁ&� 

2. ȇħ§ëͪľ̷r;Ĭĭǲȩ'�š;ľ͂&�RĄGŨʗµ˯˃'
z�ĭ˭ϝţʗµȵƼ1ĳ� 



'�&�"$��*4#�

!

37 

4.7 ș̷˭ϝ  

 

˪ 18 Α̝͝ɸ̑ȭɞĢĵș̷͏ŹFĸ'žʂ˪  

4.7.1 !¿̓ɝ  

rƕ˧ĭρɶʗµȭɞȒɸ��˪ 19���`1Ƃ�ǻ�Ϊ´ǊƂϛ
ͺ�̭ƫƛ̨ˤĝ¿ʻǻ�Aǻ��ŏƐ 1.10ý�̫Ɛ 0.60ý�ʣ´Ǌ
�B�C ǻ�ƂǶȖΑǝ͏Źǻ�1ÄƂŏƐ 0.4 0ý�̫Ɛ 0.25 0ý�B
ǻ�̑ŏƐ 0.4 0ý�̫Ɛ 0.3 0ý�C ǻ��ɂ˧ȒɸǻȀŀKȨ�˪  
20�ͣϞ±õ�©ȾKȨ-ĭ 4~10 0?��©Ⱦ¸ĭȡKĶ̑ȂʝĶ�ȓ
Ⱦ�Ć²ĈȟĶžŀĢĵʺ�©Ⱦȥ��ɦĄĢĵńʚ1Áŀ�̷ĥ� 

����

�	�#�%����

 �&�
�	
��������

��
�
!��
������	
�
�


���
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���
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˪ 19 RρɶƂΑ̝͝ɸ'`µĥʏ»͏ŹɞÑ��`1Ƃ�ǻ�1
ÄŴΪǊŀ�̭ƫƛ̨͏Źǻ�Aǻ��̑ʣǊŀǶȖ͏Źǻ�B�C
ǻ�  
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˪  20rƕɽɸʘ̓ɝŀKȨ1n˪  [Öǿ� , 2008] 

4.7.2 !¿.ƴɂ˧  

ϛͺΑǝ�̭ƫƛ̨͏Ź  

�ǻȀ'ϛͺΑǝɂ˧ɸ͆�˪! 21 �|´ŀɸ͆�ɸ͆ʚʔƂ 30 0
?�ƭŜ�ɸ͆F�ŠŁK˞F��ȓŌKğ�ϕ8Ƚµ8̨͜��ǽδ�

KȨ�ĭ 1~2 0?ȨŤɡʺή�%ʗµ͏Ź�¾Ƃ̪X¿ʻǻȀ�ʺ�˶
̼ǅŨŲɸ�ɂ˧ɸ̶͆�Ɛ§ 35 ȟ�ΏýʂƐ 20.5 0ý�ăzͺȪƂ
2~12 kHz'Αķ� 
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˪  21ϛͺΑǝȣ̭�̭ƫƛ͏Źɂ˧ɸ͆�ʰ˪  

ǶȖΑǝ͏Ź  

B�C ǻ'ǶȖΑǝɂ˧ɸ͆�˪! 22 �|´ŀɸ͆�Ƃ˟ďä�ŀ͏
ŹǂȪ�ɸ͆ɂ˧Ǽ°KȨ�Ú'°ʘ��ƂǻȀKȨɏ� 10 0?R��
ǫ�ǶȖΑǝ̨͜'țʔɄĝ�èͺ˞ŀɸʔɄĝƂ 25 0?�ɸ͆ʚʔƂ
25 0?�ăȎďŀΑķ̰˦˯ǻȀŀȦ̒Ȫ§ 20%�Ĉǻɸ͆F�˽ʘŠ
ŁʃȨ͆�ăīɗĈǶŀ9ƵΑķȌŤ%Ĕ�ÚĘŤŀ̰ϔ�Ċɂ˧ɸ͆

̶���BǻƐ§ 16ȟ�ýʂƐ 40ý�CǻƐ§ 16ȟ�ΏýʂƐ 4.50
ý�ΏýʂƐ 8.50ý� 
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˪  22ǶȖΑǝ�̙̰˦͏Źɂ˧ɸ͆�ʰ˪  

Ģĵș̷͏Ź  

�ǻȀ'Ģĵș̷͏Źɂ˧ƭŜR 1500?Ƃʚʔ��§ 32ƦΞ¸�
r¨ș̷ǻȀ�˪!23�̸�|´ŵšŀ¸ˊ�ˤƕÆzáĵ͜ʗµș̷� 

 

˪  23Ģĵș̷͏Źɂ˧�ʰ˪  

123

4567

89101112

1314151617

1819202122

2324252627

2829303132
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4.7.3 ˖ǃ1ĳ  

Ơ�ÜƥzǶȖΑǝĆŉǹ͏ŹǻȀĶÙŊƛëͪľƛĿŀľȬǓĥ

1Á�{ĭΑķǦˎĕĶÙȓόǅ��Ƃ�ƵôÒ%Ƃˣ�±Nʒ̜ίɸ

͆�Αķøǅʳ���ƵôŤʒ���©%͒�zĆƕ̈Αķå͉�ŀ9

ƵǠʘƣ�ǶȖΑǝ¿ʻȐĹ�ħ˪! 24ħ��ĊƭȬŴ{īɗ�K&īµ
ǅ��ĈǶɾƵǱͺŕˎ�þȓ£Ũ�ɩƵŕˎ�Ϋ{Ũ�ɩƵŕˎŀȌ

ƻ�`ΉȎK�ǐÙƛĢ͑Ħȶ΍Ť˖Ǧ��ˠ_Ɗï�̖ƂŨ�ɩƵǠ

ʘ�Αķŀķŏ̑ĢÙŀȶ΍Ť§˯΁ρř��©ǀĆĕĢĵŀΜȵŤ�

�Ǵ˯I�R»̈ĢÙŀæ͑� 

 
˪  24ǶȖΑǝ¿ʻ�ʰ˪  

Davis ʃ��͗¶ƮϢɓɲ�ŀƊïŬV[Davis, 1996]���Úoę�
NǐÙĢĵ�îͿȅŀĿĹ��ĢĵŀΜȵ��ȇʺŴìĝŨ�ɩƵǠʘ

ŀPƔ���˯ĭƉ͑Μȵ�ȶΜȵëͪľʺIȹΜȵëͪľɋ¡˛Ȍŀ

Ũ�ɩƵǠʘ�˪  25�� 
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˪  25͗¶ƮϢɓɲ�ǐÙëͪľΜȵ���Koʖ�ĕǶȖΑǝħ
£ďŀŨ�ɩƵƣ�ŠŁʖ�ŀρř˪[Davis, 1996]  

¾Ŵ Goffʃ�ŬV�ÈăĢĵ.ʧ§ʼ=ʘŀȶΜȵ (>4 mm) ľ͑Ħ
÷ɳσŀΰ͑�ɏʺă�Ƙu�ρřjȉ�˪  26�[Goff, 2004]� 
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˪  26Ƒǿǜͨ¶hǐ�ɓɲ�ǐÙëͪľΜȵ���Koʖ�ĕǶ
ȖΑǝħ£ďŀŨ�ɩƵƣ�ŠŁʖ�ŀρř˪[Goff, 2004] 

�©�rƕɽ&ȇăzĈ̄ͺȪŀΑķʗµ͏Ź�R
ˑ%�ͺȪΑ

ķĔ%�Ģ͑ŀ̰ϔ�ɆŴ�Ƃ�%=Ɗï&§ɾȭΑķͺȪ˯ëͪľŀ

ϐĥ§%�ŀ9΁����˪  27� 
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˪  27%�ͺȪŀΑķ˯ĭ%�ŀǐÙĢ͑�kƥŀoÒȵƼĕȧͳ
Ť'uƇρʺVȭ%�ŀ͆ĥρř  [Davis, 1996] 

ȇā˃ǶȖΑǝ˖ǃŀʅı�ǻ1͏ŹǻȀ.%�ĥ͑ŀĶÙëͪľ

1Á�ɺŨĕ�̭ƫƛ̨ʅı¿ϝξ�rƕɽħɾƵŀΑķͺȪɄ� 2~12 
kHz�ħRħɸȎŀ�̭ˑĳǠ�`�ĭ 10?�¿ʻǅ�ÜƥpʢßΑķ
ɾƵ/ȓĔ͜�šˎ SB-216S�Ĭˊ�K&ʔίĶÙ̶0?̜�ΫɾƵ�·
ŏŤŀŀΑķ�ɾƵŨ�ɣQ�ǅ_ȓ£Ċ9ƵǦˎ�Ɇ·9ƵǦˎ�Ⱦ

Ȭ͜.ʺÆz"łÚĿŀɾƵķÚ�Ǵ�)ƇρȾȬ�ɺŨƙʸ̬̈́¡

SEG-Y ŀ͔ɸ˖ǃ�˖ǃ·�ǅ�ʺǤͶĝ¸zŀ GPS Ǧˎ�Ĭ�£ʞˢ
ˌ;��˿̀.� 

ȓʋ1ĳ˖ǃ.9Ƶ�ķŀǠʘȌŤ�Rƕ̈9Ƶř̶�˅ÜƥϟΑ

ķµʗF�ĕǐÙŠŁ�ȇ£ďŀǐÙǦˎ�ʦə�ǁɢĕķʿə�ǁɢ

ŀIƣ��¢ȕΑķµʗǅŀǠʘʷj�ÈŴɸʘď9Ƶř̶[Ha et al., 
2010]�{ɸȎŀ9Ƶř̶Ʊzˈϝ0 _Ș̈˒ȾĢĵŀľȬǼ̶�Zŭ
<̠ȪĕoÒȵƼ��ʃ��Ɗïʅı�ξ˭ɆÿǼ̶ʚŀρř�Λɺ%�

ĝè¨ɏƇ˅˂̿�¾�ʺˍ��ƦuƇρŀǻʚ.�ƹȯĥPƔĆ²ĭ

ť�ˈϝ0 ŀëͪΊ˫̑rƕ˧͏ŹΊ˫Ƈȯħƒ��ƂŌ��ĆŀƊ

ï¡ıɾȭ�9Ƶř̶ŀɸʘƣĕ{ǐÙĢĵ�̷ŀ1ĳI˯ʅı�%�
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ĝɏʺȴ�ˠ_Ɗïˈϝ0 ŀˤɸƣ��ıʲ˂̿ŀÆzΑ͝_Ͳνǐ

ÙĢĵǓĥ�Ǯ
˯�̭ƫƛ̨ƕ̈ħȎŀ9Ƶř̶ʅı¿Ǉuh�Κp

ʢǋ͠%�ŀëͪΊ˫Ǵ˭ϝ��Ƃu̿ŀʂØŴpʢǋ͠%�ŀ}̸ǻ

Ȁ�_ť�ƦÄǻȀŀΑ͝Ǽ̶̹š$`µ��©�rƕɽͳ͡�Ń�Ƹ

ŀȡKĶKȀ�Ϋ{ǻȀ.ȅʞŀĢĵș̷̷ş��ǴÕkƥŀȵƼʃǼ

̶1ĳŨ�ǮƊïV͒˅ŀΑķǇuʂØh�þť�©˭ϝǻȀŀΑ͝Ǽ

̶̹š� 
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4.8 xǓ˪  
�H 

!¿ 
ʠ} 

4 5 6 7 8 9 10 11 ɘʎ 

ť�Ƈρ 
Ȭ̹͐  

         

✓
✓  

✓
✓  

       

ȭɞ͏Ź��ǎƧ̨̑͜ű̡�ǚɹĸĭƭ�ɂ˧ǅʚ.Õ¡� 

ǶȖΑǝ 
    ==  == ==   
    ✓    ✓  ✓    

Ģĵș̷ 
    ==      

    ✓       

�̭ƫƛ̨ 
    ==  ==== ==   
    ✓  ✓  ✓  ✓    

ɯ&ɟÌ     �      

Α͝˖ǃ1ĳ 
         
     ===== =====   
     ✓  ✓  ✓  ✓    

ȭɞș̷1ĳ 
         
    == ==     
    ✓  ✓      

Α͝˖ǃ̑ȭ

ɞș̷'I˛ 

         
      == ===== =====  
      ✓  ✓  ✓  ✓  ✓   

ɯtɟÌ        �    

!¿ʗŤ»ƕ

®1I 
15% 30% 30% 30% 70% 85% 100% 100%  

ˤĝŹǈΞ 

ɯ& Õ¡Α̨͜͝͏ŹĢĵȵƼ��ŀƇρȬ͐̑ƕ̈Fĸ 

ɯt 
ʗµȭɞ͏Ź̑Ģĵș̷�ȇΑ̨͜͝ħ͏Źŀ˖ǃʗµ

1ĳ�þ̑ȭɞĢĵ̷rϝξ�þÕ¡͏ŹǻȀ'�̍Ģ

ĵńʚϛȯƊï� 

ƭ�ƕ˧ʗŤ�===ƨuŨƕ˧ʗŤ�✓"Õ¡ʗŤ
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ȳ*ɕ  ʅı̑ǥ͐  
5.1 ȭɞĢĵș̷oÒȵƼ̑ȧͳŤ1ĳʅı  

rƊïǋ͠ Shepard ëͪľ1σFĸʗµȭɞ�̷1σ�˒FĸŴ{
Francis P. Shepard ĭ 1954 �ɇˠ˯I˅ǅ��ŀƓ#1σFĸŨɦVŀ
[Shepard, 1954]�˒͝Ņ̖ƂƊïëͪḷ̌Ɣzëͪľŀ�̄Ǔ̱ĆɤƘ�
±�ºëͪľ̷ş&Ɖ-ǘƉ-Ν�ÐʘɏŴėĝ%ϛŀ��©`Rā͠ëͪ
ľ&Ɖ�ǘƉĕΝ�ŀIƣĆ˯ëͪľʗµ1σ�Ɖ�ǘƉĕΝ�Ŵǋ͠

ëͪľŀ&ƣȵƼ˧1ŀ�Ċƅ͆1ÄŴ 1/16 mmĕ 1/256 mm�ÆzƉ�
ǘƉĕΝ�¿Ƃ�ôÚŀ 3 ƦɖΞĆ9ų'ʚŀIąρř�Rìĝëͪľ
σš�Ċ1σ˪ˑ�˪  28(a)ħ��Ċ�ôÚ&iǻȀĝˋƂ“Ɖ-ǘƉ-Ν�”
Ćʽŭ�ŅÐʘÒǱĭ 20 %±Àĭ 60 %ŀëͪľ�ĊSëͪľσšŜ1Á
Ò3�˯̅1Á�˳¡ɂŜŀëͪľŀ1σοƅ��©`R�˪ˑ&˧1

�ºĉϞŀëͪľσš�Shepard 1σȇëͪľ˧1Ƃ 10 ̄σš�Ɇ̄ë
ͪľ1σFĸ{ĭ˛�ŀΦ̻ĥ8ĮǤĥ±ɀ̮ļ΁z� 

Ƃ
ϝξΑ̝͝ɸŀFĸ�ĭȭɞĢĵș̷Ɏ1�ƭ�ɂ˧ 32 Ʀș̷
Ξ�Ċ&̈́ˎ 12�13�17�18�22�27�31�32� 8ƦΞ¸��KȨ;ȣ�
Ƚǰɹĸʗ��s£ʞ�̷��©��£ʞ 24Ʀ�̷�ó˪  28 (b)�{Ɇ
ÿ�̷ŀoÒȵƼĕȧͳŤ1ĳʅı�Ŋ  5��ɾȭ�Ɏ1�̷ŀȧͳŤ
Ŕȉƹ�Ǯ 15ǗƂ poorly sortedh�ĊSǗÒƂ very poorly sorted��Ŋ
�ŧ��©ǻȀŀëͪľΜȵ��1Á%ʞ&�{Ŋ  6 `ł�Ǯ
�̷ 1�
2�21�29�30 h�ɏRƉȵƂP�ăȎɆ 5 Ǘ�̷ŀoÒȵƼəȹ�Φ
Ò�ĭ 5�Ċ& 21 ǗƂ 6.55��ϐĭ&ŤǘƉΜȵ�©h�ɆÿȹΜȵë
ͪľɏˍ�͏ŹǻȀŀəİ[ĕ¶ŝôˍ�Ǯ 21 ˎƂĵ͑ǘƉ�ȹŅɏ̅
ƂƉ͑ǘƉ�˪  28 (a)	�¨ȹŀëͪľ̅ƂǘƉ͑Ɖȵëͪľ�PƔ1
Áĭ¿ʻǻȀŀ[Ɏ�4~7 Ǘ��ÈȂʝĶV�ĦȡKĶˠρɶͥĤŝĶ
˞ϛ̫ŀ�F�R8İŝǶ͕ĶŀİğǻȀ�ɆÿëͪľŀoÒȵƼ Φ ƣ
Ƃ 4~5�ϐĭŔȉȹŀƉĦȶǘƉ�³ĭĊS¸ĭɸǻŀ&iɎ1�ɏ̅
ƂƉ�oÒȵƼ Φ ƣ-ĭ 1~3 ʚ�ĈĶʪžȾΜȵəȶ%ď 2�RȵƼƣ
̅'Ƃ&Ɖ�γ´ŧʤ�Ċ̷̙͎Ǽ˃ŒͶ E�� 
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Ŋ  5 �̷Μȵ1ĳŀʅı(1)�è��ŬVèƦƇ˯̷r�ƙʘ 5%�
16%�25%�50%�75%�84%�95%ŀ®1Iƣ�zĆƕ̷̈rŀo
ÒȵƼ(mean)ĕȧͳŤ(sorting)ŀƣ(Φ)�  

 

Ŋ  6�̷Μȵ1ĳŀʅı(2)�è��Ŋ�̷r�%�Μȵ��ǻʚ.
ŀƙʘ®1I�Μȵ�ĭ 62.5 µmƂƉ(sand)��ĭ 4 µmƂΝ�(clay)�
'ʚƂǘƉ(silt)�  
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˪  28 (a) Shepard ëͪľ�ôÚ͑�1σ˪  [Shepard, 1954]�˪&'ȍ
´ΞŊ��Ξ¸�̷ϐĥ� (b) ͏ŹǻȀ˪�Ϊ͆ǊƂ�̭ƫƛ̨Ų
ɸ̓ɝ�ʣʌ͆ƂǶȖΑǝŲɸ̓ɝ�|ΞƂ�̷ș̷Ξ�  
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5.2 �̭ƫƛ̨9Ƶř̶»̈ʅı̑�̷1ĳʅı'I˛  
ħʶʞ'�̭ƫƛ̨˖ǃR9ƵķŀǠʘȌŤƕ̈9Ƶř̶��R9

Ƶř̶»̈Ŋ̭Ģĵ'Α͝ĥ͑�ǐÙŀőÝƣ��Æz�̭ƫƛ̨Ųɸ�

ʘɸΑķŠŁ�ƵǐÙŀ�ķǦˎ�ȇ£ďŀ�ķǦˎéVə�Ǧˎ'ǁ

ɢĕΑʿͰƵ'ǁɢŀIƣ��¢ȕΑķµʗǅŀǠʘʷj�ÈƂ9Ƶř

̶ƣ (Ha et al., 2010)� 

�ȒɸʂØ&�ħΉȎŀ9Ƶř̶ƣ§Ĉ̄�Ċ�Ƃ 3100P šϛͺΑ
ǝðȷ.Ɏħƕ̈ŀƣ�ĊʂØpʢˈˠΑķŀǁɢǇu�ǇuFĸ͎ó

4.4.1�ǇuˠʂóŒͶ B�Ũ�ĭȭɞ¿ʻǅ�Ċ̶ƣɡʺŁȓǤͶĭ˖
ǃ·ǉ.�Ċ�ƂRè�ʄǦˎŀ�ǦǅʚØ��ɇȉŴȇ£ď²ǐÙ�

Ǧŀə�ǁɢĕķʿə�ǁɢŀI��¢ȕΑķµʗǅŀǠʘʷj�R`

Ș̈ŀ9Ƶř̶ƣ� 

{ĭ 3100P ðȷħ£ʞďŀ˖ǃ"ˈˠȾȬ�ɹĸēȎΑʿͰƵŀǠ
ʘȌŤ�eǠéȎ²ǐÙ/ĶÙǦˎ�Ǧŀǁɢƣ��©rƊïRȓ£ďŀ
̑ĶÙ�¨9Ƶǁɢƣ

  A1
ĕ͍9Ƶķǁɢƣ

  A2
ĆȘ̈9Ƶř̶ R�ó˪!

29��±N�˯͍9Ƶǁɢƣ
  A2
̣°̲Αķ�µʗʔίŀ̪Xħɋ¡ŀʦ

̵ʷj (TL)�RˏͽĊǠʘ��©�ǳɄΑķͧˈȫƛΟɩʷj�TL = 

  20log x�Ċ& x ƂΑķµʗŀʔί�{˪! 29 `ł��¨9ƵΑķǁɢ
  A1

ĭKϞ&µʗ  2h1ʔίŨĪ˟ȓ£͜�±͍9ƵΑķ�Αʿ-ĶÙ-Kƛ-ĶÙ
-Αʿ���µʗ
  2h0 + h1ŀʔί�ĊǦˎȌŤƂ  A2

� 

  
˪  29 Αķ�K&ʦ̵˚Ƽ�ʰ˪�Ċ&�A0 Ƃ�̭ƫƛ̨ΑʿͰƵ
'ΑķȌŤ�A1ƂΑķȳ�¨ȏĶÙ9Ƶŀ�ķȌŤ�A2ƂΑķˈ�
¨ĶÙ9Ƶ��ˈǐƛ9Ƶ�əŨ²ĶÙ9Ƶ'�ķǦˎȌŤ�Èħ

ͮŀ͍9ƵǦˎȌŤ��Ɯ˥�όɾǅίKƛ h0ŀȨŤ�ίĶÙƂ h1
ŀʔί�  
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rȭɞȒɸ¿ʻ�Ɯ˥ɾƵ 2~12 kHzŀΑķ�ĊƜå̫Ť�ĝˋƂ�
]ǠʘȾ�ƐƂ 20 Ť�ħRÜƥȇƜʷΎ�IąƔȇkɾƵǅŀΑƜʞ&
ŀƛͪĕȫšƛͪƇI�RʫĖŏŤ˯ôŤ¿ͪ1�]ƼŏƂ  r sinθ�± r
ƂΑķµʗʔί�θƂΑķŀ]Ɯå̫��ǠʘʷjʺIȫƛʦ̞ɷ� 66
Ƣ�9Ƶř̶ŀƕ̈���ĝˋ  H = 2h0 + h1ĕ  A = A2 / A1  

Ɠ  h1ĕ   H ≥ 660? 
   R = A× H × h1 / 66  (30) 

Ɠ  h1 < 660?�Ɯ˥͕ŌǐÙǅ� 
   R = A× H / 66  (31) 

Ɠ  H < 660? 
  R = A (32) 

ǋ͠�Ƙ˖ǃ1ĳʂØ�rƕɽ�Ń�ƸŀȡKĶKȀʗµΑ͝˭ϝ�

Rƕ̈9Ƶř̶ R�þΫ{KȀ.ŀëͪľș̷̷ş�ʗµȵƼ1ĳ�Æ
zkƥŀΜȵϐĥ�Ɖ��ǘƉ��ϥ�ʃ�ĕoÒȵƼƣ�Ć
ˑĢĵ

ľȬĥ͑̑Α͝ĥ͑�9Ƶř̶�'ʚŀρΒĥ�  

Üƥ�ȳ�¨¿�̭ƫƛ̨Ȓɸǅ��§ŧ�ǻȀ�ǓÄŴİǶ͕Ń

�ƸKȀ�KȨŧȣ��ĭ 2 0?��Ƃ
ΙÂī¦ɗŀƜ˥̴ǐĢ�Ɯ
˥�ȣīǅȮy˛ǱΰǦ�ĭ˭ϝţʗµŨϒ˖ǃȾȬǅ�ɾȭ˖ǃş͑

;ƹ�ɹĸʗµʗ�çŀȾȬ��©�ȇ͏ŹǻȀΎɷ³KȨ�ĭ 3 0?
ŀ̓ɝ�Ċƙʸɂ˧'ǻȀ̓ɝó˪  30�Ώ�˭Ų 26 ȟİ¶�˙ʒK˞
ŀɿɸ͆�̈́ˎ W01~26�ĕ 6 ȟoµK˞ŀŏɸ͆�̈́ˎ N01~04 ĕ
NL01~02�� 
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˪  30 ƨuŨ�̭ƫƛ̨ɸ͆˪�γ´Ŋ�KȨϛ5�Ã´ðƂȨK
Ⱦ�ǻȀ.KȨə�Ƃ 14 0?�ɸ͆¸�ȡKĶŀĶ˞ʖ¸ˊ�Ȥ
ɫŀɸ͆˪͎ǼóŒͶ F�  

˪  31 Ϝ�{�̭ƫƛ̨ŁȓͱVŀ9Ƶř̶ Rƣ�ɜ¸Ƃ dB�'ń
ʚ1n�˪&Ϝ�ĺĶ˞ʖ͆�¸ˊ˛ȨȾ�ǻȀ�Rƣə��Ħ dB ƣʒ
ȓŌˣ��Ŋ��˒ǻΑķ9ƵħȎďŀǠʘəȌ�Ɇǻŀ Rƣɏ�−3 dB
ď−6 dB'ʚ�ĊS�FǮ
�ɸǻŀİ[ô Rƣ��−3 dBď−6 dB'ʚ
h�RƣƆƚ³−10 dBď−20 dB'ʚ�ĊʚÔΰ
ˣŵ�ʮǻȀ���¶
ğ§I˛Ȍŀ9ƵǠʘ�−6 dB ď−10 dB���İğ§əƻŀ9ƵǠʘ
� < −20  dB�� 

W21

W15

W13

W07
W05

W03
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˪  31 ăz 3100P ǤͶðȷ»̈ŀ9Ƶř̶ R ƣ1Á˪̑ĕÙĢ͑͑
�1σ�  

Ƃ
΋ˑȭɞ�̷ħȎ'ľȬĥ͑̑ĢĵΑ͝ĥ͑ʚŀƇρĥ�˪  32
ȇ�̷̈VŀoÒȵƼ�l�ĕȧͳŤƣ�b�ŀʃƣ͆ϗX� 3100P ð
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ȷ»̈ŀ9Ƶř̶ R ƣ1Á˪��˪&Ϝ�ĈŅʚƇρĥÀ�9±�I˛
ȹƉȵëͪŀ�F�ɸǻŀŝ[Ĉ̆��Αķ9ƵǠʘȌŀǻȀ�-ĭ−3 
dB ď−6 dB 'ʚ��oÒȵƼ Φ ƣɏ�ĭ 4�Ș»`Ǡ̑Α͝ȒɸǻȀ.
ŀ�̷̶};=§ρ� 

  

˪  32 ͏ŹǻȀăz 3100P Αǝðȷħ»̈ŀ9Ƶř̶�´ʜ�ĕo
ÒȵƼʃƣ͆˪�l˪��ȧͳŤʃƣ͆˪�b˪�ŀρř  

{�̷1ĳ�˪  28�ʅı�`łΑ͝͏ŹǻȀ.�e§͕¶Ƕŀ�φ
̷r�ǻ.�{[�ŝ�̈́ˎ1ÄƂ 3�Ɖ��7�ǘƉ͑Ɖ��11�Ɖ��
16�Ɖ͑ǘƉ/ǘƉ͑Ɖ�� 21�Ν�͑ǘƉ��25�ǘƉ͑Ɖ��ĕəŝ
Ƕŀ�Ǘ�28�ǘƉ͑Ɖ�ĕ 29�30�ĈŅɏƂƉ͑ǘƉ�	�¾�Ƈ)
I˯Ũ�ʅ͐Ŵ�I˛ȹ͑ŀŝɎǘƉǻ�Αķ9ƵǠʘȌ��I˛ȶ͑

ŀ[ɎƉǻ�Αķ9ƵǠʘ9±ƻ�Ǽ˃Ŋ 4�� 

{ĭR�ʘɸʅı̑ΑʦȬ͐%��ǋ͠Ȭ͐�ëͪľΜȵʒȶ�΁

ʺ§˛ǱŀΑǠ{ĶÙ9Ƶ�Ɯ˥��©Ċ Rƣ΁ʺʒȓŌ 0 dB��9Ƶ
ǅƂ 0 dB��ƂȒǥ©ǽδ�Üƥzè�ʄƃɸ�ǦǅʚØ�˖ǃ�Æz
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͍9ƵŀǠʘRȘ̈9Ƶř̶ƣ�� (30) ~ (32)	�˪  33ƂÆz�Ƙƕ
̈ ħȎŀʅı�˪�Ʒȭè 10 ƦƃΞ¸ˊŀ͔ķÚ̙�ŁΪ͆�ĕ͔ɢ
Ρē¸ˊȾ��ƛƎ͆ƂĶÙ͔ķǨěȾ��FƎ͆Ƃ͍9Ƶķ͔ķǨě

Ⱦ��ħȎďŀ R ƣ{˪�ɱ´ŁFŷŀŏɿŊ��ʒŏ9Ƶ�ĆŀǠʘ
ʒ=Ħ dB ƣʒ��ʒǷƗ��ħ§ɸ͆ŀ1ĳʅı˪˓óŒͶ F�©Ⱦʧ
ȒǥĊ& 6ȟɸ͆ʅı�˪  34 ~ ˪  39��ɸ͆¸ˊ͎ó˪  31� 

 

˪  33 ɸ͆ W05ŀΑķ˪�ͤʖƂƃΞ̈́ˎ�ƃΞ¸ˊ`ĕɸ͆˪˯
΁��ĊΑķøǅƂαʂøǅ�Ǽ°bF Yʖ�ɜ¸ƂȠƌ�ɜ¸Ƃ
��Fŀɱ´FŷŏŤƂ²µƕ̈ŀ9Ƶř̶ƣ  (R, in dB)�Ċ��ģ
¼ŏŤTŊ Rƣŀ���̶ƣǼ°lο Yʖ�ɜ¸Ƃ dB�  
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˪  34 ɸ͆ W059Ƶř̶ĺɸ͆ϛ5˪����ΑķƷ�˪����
�˪ŀƎ´ʹ͆͘Ŋ�{ 3100Pɸʘŀ Rƣŀϛ5Θʩ�z̑²µƕ
̈ŀ9Ƶř̶ƣ�Fŷƣ�¿I˛��˪&Ǝ͆¸ˊƂĶÙ͆�͓̋

ŀ�FΪ͆Ƃ¸�ĶÙŀΑķəȌ¸ˊ͆�ə�FŀΪ͆ƂΑķ͍9

ƵȾǦˎǁɢəȌŀ¸ˊ�ͤʖƂƃΞ̈́ˎ�ƃΞ¸ˊ`ĕɸ͆˪˯

΁��ĊΑķøǅƂαʂøǅ�Ǽ°lF Yʖ̸ʎ�ɜ¸ƂȠƌ�  
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˪  35 ¸ĭɸǻŝǶɸ͆ W03 ŀ�̭ƫƛ˪����9Ƶř̶ĺƫƛ
ŀϛ5�&��ΑķƷ�˪����Αķ˪ˑώó˪  34�l�Fŀɥ
˪Ƃɸ͆˪�˪&Ǝ͆ŬVrɸ͆ŀ¸ˊ�ħ§˪ŀͤʖƂƃΞ̈́ˎ

�ə�Fŀŀ�̭ƫƛ˪ĊbοΐʖƂΑķαʂøǅ�ɜ¸ƂȠƌ�

RΑɉ 1500 m/secƕ̈ŀȨŤƣǼ°lο Yʖ�ɜ¸Ƃ0?�Ϊ´́
ͻƂ R ƣƂƐ−3 dB ŀʀ͑ĶÙ¸ˊ�ĊĈǶʀ̭Ǩ�˛���ά§
ΖƐ 1 0?ŞŀĵƉ̭�Ǝ´́ͻ��ħRĊĈǶŀ9Ƶř̶ƚ�³
=Àĭ−10 dB�  
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˪  36 ɸ͆ W07ŀ�̭ƫƛ˪����9Ƶř̶ĺƫƛŀϛ5˪�&
��ΑķƷ�˪����Αķ˪ˑώó˪  34�l�Fŀɥ˪Ƃɸ͆˪
�˪&Ǝ͆ŬVrɸ͆ŀ¸ˊ�ħ§˪ŀͤʖƂƃΞ̈́ˎ�ə�Fŀ

ŀ�̭ƫƛ˪ĊbοΐʖƂΑķαʂøǅ�ɜ¸ƂȠƌ�RΑɉ 1500 
m/sec ƕ̈ŀȨŤƣǼ°lο Y ʖ�ɜ¸Ƃ0?�˪�Ϊ´́ͻŊ�
R ƣƂ−3 dB lbŀʀÙ¸ˊ�ĤİǶ�˪bF�ģ¼ď˛ɅŀĵƉ
̭�ŞŤƐ 2~30?�¸ˊ{Ǝ́ͻŬ���F�  
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˪  37 ɸ͆ W13ŀ�̭ƫƛ˪����9Ƶř̶ĺƫƛŀϛ5�&��
ΑķƷ�˪�����˪&Ǝ´́ͻŊ�ĶÙ�ëͪľʀŤI&iȾ

ȨȾĶÙŀʀŤ�9Ƶř̶−3 dB�Ʌ��Ŋ�ŀëͪľ1nƪʥ�
1̭%įϜϐĭȧͳƹŀĵƉëͪľ�  
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˪  38 ɸ͆ W21 ŀ�̭ƫƛ˪����9Ƶř̶ĺƫƛŀϛ5�&��
ΑķƷ�˪�����˪&iȨKȾĶÙƂʀ͑ŀľ͑�9Ƶř̶�

ĭ−3 dB��`ǠƂΌĠÙ�İǶ�bǶ�Ǝ́ͻƂÐ§ĵƉƣëͪ
ľəŞ�³=§ 3~40?�  
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˪  39  ¸ĭȡKĶĕȂʝĶʪžȾ¶ğɸ͆ W24ŀ�̭ƫƛ˪���
�9Ƶř̶ĺƫƛŀϛ5�&��ΑķƷ�˪�����˪İǶKȨ

˛ȣǻƂʀ͑ŀ�͑�9Ƶř̶Ɛ−3 dB��`ǠƂΌĠÙ�¶ǶƎ
´́ͻŬ�ȾĶÙĔKž̰ϔ�ĵ͑Ģĵ�χǑĭK̭&�3100P ħ
ʘďŀ9Ƶř̶ĭŴǓÄÀ�ĕ²µƕ̈ŀƣƹȯ���  
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{�̭ƫƛ̨Ȓɸʅı�`ΣǝR�ɣΞɾȭ� 

1. ²µɾƷŀ9Ƶř̶»̈ŀ9Ƶř̶ƣ̑ 3100P ȭɞ»̶̈ƣ§u�
ŀρř�Î�ŤǱ� 

2. ĺĶ˞ʖKȨ˛ȨȾ�ĶÙ͑�ŀľĥ�ƒ�NĶÙoˁ�Αķ�©

ǻȀƍɌ�À�È�Ɏ1ŀΑķǠʘɀ9Ƶ�Ć�R 3100P ȭɞ»̈
ŀ9Ƶř̶ƣÒˍ�−3 dB ŒŌ�ϛ5%��Ŋ�Ċ�͑IƉ�ʀ�
`Ǡ�˒Ⱦŏ�ĔĶžíĎ�ϓVʀ͑ŀĠ̾ħƒ� 

3. ĺĶ˞ʖKȨ˛ȨȾ�²µɾƷŀ9Ƶř̶ƣǷÀ (<−3 dB)�ĭ−3 
dB ď−6 dB ʚϛ5�Ș»Ċƭ�`ǠŴ{ĭÜƥŀƕ͍̈9ƵǠʘǅ�
�Kƛ9Ƶ'ΑķǠʘĔɩƵ̰ϔ±ǣɷ�͞ƒ�ƵķǠʘŀǱ»�

ƒă9Ƶř̶ƣÀĭ˭̢ƣ� 

4. �Ķ˞ŀĈǶ�ĶÙɎ1ǻȀɀĵƉħά̒�˪  369˪  38����Ú
oęȾ�Ĉ̄ƕ̈FĸħȎ'9Ƶř̶ƣʒ�ƒ�̶ƣ���−20 dB 
~ −10 dB'ʚ�{ Hamilton (1970)ŀʅ͐�9Ƶř̶ dBƣ˛�Ņϐ
ĭǘƉ͑�ƉĦƉ͑ǘƉ�˛�Ņ�ɇȉ<−15 dB�ϐĭĵ͑ǘƉë
ͪ�ɆƦʅ͐̑�φΜȵϐĥŀ1ĳʅı�˪  28�Î�� 

5. ƓĶÙ�ëͪľ�χǑ�˪  39��Ŝ 3100P ħȎŀ9Ƶř̶ƣŧÀ�
Ƅ³ʺ�ĭ−20 dB�¾²µɾƷŀƕ̈ ŀ»̈ƣŜ%ʺ§©ǽδ�
Ċƭ�Ƃ�ƕ̈ə�ǁɢǅ�ͳēȟ�Ʉĝ�ĶK-ĶÙƅƛȾëͪȾ
ŀ�ķǦˎ�  

6. �Ķʖ¸ˊ�ɸȎ'Α͝9Ƶř̶ƣϜ�˒ǻĢ͑ϐĭΌĠ�¾�̷

1ĳʅıϜ�Ƃŧȹŀĵ͑ĦǘƉƣëͪľ�Ŋ�Üƥzáĵ͜ħș

ďŀŴΖΖά̒�ʀĠ�ŀɅĵ��̷r 21ŴǾ�Óˍ� 80?ŀĶ
ʖȾ�˪  28��Ƃħ§̷r&Μȵə�ŀëͪľ�Üƥ�©Ƈŕ�Ķ
ʖʀĶÙ�ŀ�̷%Ǡ9ųΑķ̝ɸħ̈Vŀ9Ƶř̶ƣ1n�sĆ

�ăz�̭ƫƛ̨¿Ŋ̭ëͪľ1σǅ�̣ƔǼ°ΑǝħŊȭŀ�̭

ƫƛ�RŊƛḙ̈ͪŀŞΖĆͲÄħ»̈ŀ9Ƶř̶ƣ�Ċ˯΁ƅƛ

ŀ�ķȌŤĦoÒȵƼ� 

5.3 ǶȖΑǝ̰˦̑�̭ƫƛ̨ʅı'I˛  
�©ÆzǶȖΑǝ̰˦Rϝξ9Ƶř̶ƣŀ1nŴḚ́̑˦Ȍƻ§ρ�

˪  40 ǻȀƂ�ĈĶʪžȾ�ǻȀ¸ˊó˪! 22��§9Ƶř̶ƣ˖ǃŀǻ
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Ȁ�ǶȖΑǝ̰˦˪ŀ¶Ƕ�˪  40�˪Ƃ 600 kHzŀǱͺǶȖΑǝ̰˦ʅ
ı�ĊķŏƂ 2.5 mm�Ŋ��ıǻȀŊ̭ȶ΍Ť� 0.8 mm ŒŌ�ϐĭȶ
Ɖëͪľ��ʺ§əȌŀɩƵǠʘƂȓ£͜ȓ£��̰˦�ʺ§˛ʹŀ­

ΞĿ̰˦Vȭ��˪Ƃ 300 kHzŀÀͺΑǝǦˎʅı�ĊķŏƂ 5 mm�Ŋ
��ıǻȀŊ̭ȶ΍Ť� 1.6 mmŒŌ�ϐĭȹω~ëͪľ�� 

�[οŀǶȖΑǝȒɸǻȀ��̭ƫƛ̨ȒɸʅıϜ�ĊŊƛḙ̈ͪ

Ƃʀ͑ĢÙ�ĭ˪  40&ħϣˮďŀŧÀ Rƣ�Ǝ´ʃƣ͆�΁ŴχǑ̭ħ
ƒ�ǶȖΑǝ˪�î§ƈďįϜŀɩƵǠʘ�Ŋ�˒ǻĶÙî§ȶƉŀŊ

ƛëͪ�©ʅı̑9Ƶř̶ƣ�ƒ�dh��ɾȭǶȖΑǝ̰˦&9ųV

ĶÙ�§Ǚ˚ŀǻȀ��[Ƕĕə¶Ƕ��ĭ˒Ⱦ9Ƶř̶ƣɡϜȎ˛Ǳ

ȓŌ−10 dB�TŊɆÿ�FĶÙ�I˛î§ĵ͑ëͪά̒ĦɀĶžɨǨŀ
χǑľ� 

¸ĭŝοŀǶȖΑǝǻ�{̰˦˪�˪  41�`RŧįϜƈďĶʖȨȾ
ŀǻȀĶÙ�ˁ��ɩƵǠʘəÀ�˒ǻȀŀ9Ƶř̶ƣ1nĉ§ǻȀT

Ŋĥ�ɏŴϐĭ9Ƶř̶ƣȓŌ−4 dB ŀ�F�ű�TŊ˒ȾĢ͑ŀǓȯ
Ί˫�Ŋ�ǶṴ̑˦ĕ�̭ƫƛ̨ŀʅıÊȭƇ�Ŭ̸�¾�{ĭ�̭ƫ

ƛ̨ăzŀΑķͺȪIǶȖΑǝÀɣ�Ƣ�ħRǶȖΑǝ�>ĊŴ 600 kHz
Ǧˎ�Ȏďά̒�ʀĠÙŊƛΖĵëͪľħ�ĆŀƻǦˎ�̑�̭ƫƛ̨

ƍˠĵ̭ħ�ĆŀȌǦˎ%��dh�ĶöʖhǶĶÙ�ǓÄ�Ķ˞İǶ�

ǶȖΑǝįϜƈďĶÙ�VȭëͪľȲǺy¡ŀ%ɂŜ�šÐĵŀƉ͑ķ

ȱ�Ŋ�˒ȾĶÙŴɀȹ͑ŀëͪľħά̒� 
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˪  40 [οKȀ'ǶȖΑǝ̰˦˪����Ǳͺ̰˦����Àͺ̰
˦�ʹ´Ŋ�˛Ȍŀ�Α̰˦Ǧˎ��˪ŀƎ´ʃƣ̶͆ƣƂ Rƣ�
ɜ¸Ƃ dB�  



3����8�2+�
�����1�%60�"$�

66 

 

 

˪  41 ŝǶKȀ'ǶȖΑǝ̰˦˪��˪ƂǱͺ̰˦��˪ƂÀͺ̰
˦  
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ȳ/ɕʅ͐̑ťύ  
̊�R�1ĳʅı�rƊï'ʅ͐��� 

1. ëͪľŀľȬĥ͑��oÒȵƼ�<̠Ȫʃ�̑Α͝ĥ͑�u�9
Ƶř̶�'ʚŀƇρ͍ΰ�rƊïɾȭ˅ëͪľŀȧͳŤĂǅ�Èëͪľ

Μȵ1Á˛ʞ&ŀȐĹ��oÒȵƼΦƣ˛ĉTŊĥ�N˒ƣ̑9Ƶř̶
�  R,  dB�ƣʚÊuIρř� 

2. §ρëͪľϐĥ (sediment type) ŀ»̈�rƊïāëͪľ'Ɖ�ǘ
Ɖ�Ν�ŀIƣĆ˯ëͪľʗµ1σ�ʅıϜ�Α̝͝ɸħΉȎ'ĶÙë

ͪľϐĥ̑ȭɞ�̷ș̷1ĳʅı�ƒ� 

3. ƓŊ̭ĢĵŀŞŤ̑ăzķÚħɦĄŀńʚˑĳŤ�ƒ�ŜɸȎŀ
9Ƶř̶ƣ9ų
Ŋ̭ĢĵŀΏϞΑ͝ĥ͑�ΑőÝ��ƓŊ̭ĢĵŞŤ

˛ΑķˑĳŤ�ǅ�Ŝ9Ƶř̶ƣPƔĔ¨Ģ̭ĢĵŀΑőÝ̰ϔ�Ċƣ

9ų¨Ģ̭Ģĵŀĥ͑� 

ǋ͠r˩ʛ�¨Æz�̭ƫƛ̨ȃµǐ/ĶÙ͏Źŀˈϝ�Α̝͝ɸF
ĸ%͒zĭKȨ;ȣŀΊ˫�ƓKȨ;ȣ�Ŝ�̭ƫƛ̨/ǶȖΑǝŀīɗ
ƴĮ�Ȓɸˠʂ&̴ďĶÙ�ȇɋ¡̨͜ʷʨ�rƊïξį
˝z�̭ƫ

ƛ̨ĭĶ�ǻȀȒɸĢĵĥ͑ŀ`µĥ�©Þȿ`΁z�Ķǐ!ʂ��ɦ

ĄÛɉN�̓ɝŀĢĵĥ͑Ȓǹ�RÆ!ʂŀʗµ� 
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ŒͶ A ρɶĢĵș̷͏Ź˭ϝƏͶρɶș̷͏Ź
˭ϝƏͶ  
ǅʚ�2014/8/14  

�Ξ�ȡKρɶ 

:ǎ�ɬǆĽ̽ 

�Ư�̐Ϣ�͝
ʣ�Ň�Öǿ��ɒŦʉ�ĩ˃���ȫ0c
͊Ğ͙�

Fw��λƲͬ�ËƳǯ 

̨͜�ǶȖΑǝ�áĵ͜�GPS͋ŵĝ¸ðȷ 

˭ϝɂ˧�  

 

˪  42Ģĵș̷͏ŹΞ¸�ʰ˪  

 

˪  43ǶȖΑǝ͏Źɂ˧ɸ͆  
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˭ϝƏͶ� 

9�30 ȽŏĪ˟ρɶ̀ͻ�¿ʻ�Ưß̨͜ʵ�Ƚ�ZÐǶȖΑǝīɗ̑
Pͦ�áĵ͜�ɾˢͦ�ĄǶȖΑǝ��GPSðȷR8ȣKːɘ� 

 

˪  44  �l�20140814˭ϝȽǰ��b�ʵ˝ɾˢͦ  

 

˪  45  �l��ǶȖΑǝ̑áĵͦ��b��ǶȖΑǝ˂ɘ¿ʻ�
���GPS͋ŵĝ¸ðȷ˂ɘ¿ʻ  
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9�50 Ī˟ș̷Ξ¸Ξ¸ 03��ʙě�ăzáĵͦʗµș̷�ĊƭȬŴÆ
zƙʘ���ëďĶÙǅŀ̴΃��ăȎėĝȋʙáĵͦzŀ^˴ʇεʙ�

ϟáĵͦ�ǨĆáēĢĵ�¾Ŵ�KȨȣ�͞ƒáĵͦ�ëɹĸθĝŀε

ʙ^˴�pʢ˨˔�¨$Ǡ¡YáēĢĵ��ĆƽʺΠʥĢĵŊ̭��Ć

áĵͦŧƙ�Èă§����ŲĬ�ʱ���˅áĵͦ¡YáēĢĵǅ�

Ċƙʘ�äXƙ��©ʧȳ�Ǘăzáĵͦșē̷r� 

 

˪  46ƭˤƕăzŀáĵͦ��î§ͦ͜đÇ���ɹĸĨǨ��©
ĬȞăz�'ŨäâƂăzĢī ēĢĵ̷r  

10�00 Ī˟Ξ¸Ξ¸ 07��©ăz{ȽŏɦĄŀĢī ș̷̌�Ơ�ȇ̌
�Ƥ̒ϟk�ë�þ�ι�&ʚȗ�Ǒȫ�ȓʋȽŏʺ͖ί˒Ξīµ̌��

ϟĢĵʗ�̌�˅&��Ǒȫ¿z�̌�ʺͷÈ�Ǒ�%ʺ̑ĖɝĢĵȥ

���ēÕĢĵ̷r'Ũ�ʗµ̌�Ȥſ¿ʻ�RÂȥ���Ʀș̷Ξŀ 

 

˪  47�l�īµǅȇǑϞėĝ�ι���ϟ̌��Ȼίș̷Ξ¸'Ũ�
�ȽɉăȎ̌�ǑǨĆ�ΙÂȥďĖɝĢĵ��b�īµǅŀ̷�  
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˪  48�l�ăzĢī ŀ̌�ʗµĢĵș̷��b�èș�ƦΞ¸Ũ
ʗµȤſ¿ʻ  

10�03 Ī˟Ξ¸ 11�ʗµș̷��ĩ˃�ƯđÇș̷�î§ĩ˃� 

10�10 Ī˟Ξ¸ 16�ʗµș̷� 

10�16Ī˟Ξ¸ 21�ʗµș̷� 

10�21Ī˟Ξ¸ 26�ʗµș̷� 

10�26 ăzĢī ș̷�Ξ¸ 30� 

10�30�ɥ¥�ƟɗŁȓƟďɒŦʉŀΔ��áǨŨĬy 

 

˪  49ɐyŀƟɗ  
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10�34Ī˟Ξ¸ 29�Ģī ș̷� 

10�37Ī˟Ξ¸ 28�Ģī ș̷� 

10�41Ī˟Ξ¸ 23�Ģī ș̷� 

10�47Ī˟Ξ¸ 24�Ģī ș̷� 

10�52Ī˟Ξ¸ 25�Ģī ș̷� 

10�58Ī˟Ξ¸ 20�Ģī ș̷� 

11�03Ī˟Ξ¸ 19�Ģī ș̷� 

11�09Ī˟Ξ¸ 15�Ģī ș̷� 

11�14Ī˟Ξ¸ 14�Ģī ș̷� 

11:19Ī˟Ξ¸ 10�Ģī ș̷� 

11:26Ī˟Ξ¸ 9�Ģī ș̷�Ξ¸ 10̑ 09��ɒŦʉ͢¿áĵ̌�±
ɮɧ�Ư�Bɹ��ƿ&��©î§áĵǅŀ˃L� 

11�30Ī˟Ξ¸ 8�Ģī ș̷� 

11�35 ăzĢī ș̷�Ξ¸ 04� 

11�39Ī˟Ξ¸ 5�Ģī ș̷� 

11�45Ī˟Ξ¸ 6�Ģī ș̷� 

11�50Ī˟Ξ¸ 2�Ģī ș̷� 

11�54Ī˟Ξ¸ 1�Ģī ș̷� 

˓ȹΞ¸˖Ǧ�Ð GPS�KȨ�ǅʚʃ�óŒͶ E��̷ŀÚ̙˃L� 
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12:00 Ģĵ̷rșʞÕ¡�Ɏ1Ξ¸�ƂKȨˠȣ�ɹĸșʞ�ȓʋʙěʗ
µǶȖΑǝ˖ǃ£ʞ�ā˃ƭ�ɂ˧ŀǶ͆�āØʕÕĈƦǻȀŀ˖ǃ£

ʞ� 
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˪  52ǶȖΑǝīµĿ˰  

 

˪  53�çǤͶ̑Ϝ�ŀǶȖΑǝ͢¿Pͦ  
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˪  55�£ǶȖΑǝ¿ʻ  
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ŒͶ B ́Ɖ˹ɴ̨͜ǇuǤͶ  
ǅʚ�2014/9/19 

�Ξ�Ȃʝ́Ɖ˹ɴ 

 

˪  56̨͜Ǉu¸ˊ�ʰ˪  

:ǎ�ǎˀ 27˚—33˚��ʟǅɔǭœ 

�Ư�̐Ϣ�͝
ʣ�Ň�Öǿ��ɒŦʉ�ĩ˃��ʾͥ��ȫɸκ0

c
̩ćɼ�λƲͬ 

̨͜��̭ƫƛ̨ 

˭ϝ}ŀ�  
Ƃ
Ǡʘɸu̿ŀ9Ƶř̶�̣Ɣȇ�̭ƫƛ̨ʗµǇu�ǇuF Ƃȇ

�̭ƫƛ̨��τƤŀĬ�K&��KƛŴo͹ŀȐĹ��Ċȓ£ďĆ²

Kƛŀu�9Ƶķ`˅ǴŴ�9ƵȐĹ�Ϋ{͏ͣ�̭ƫƛ̨ʔίKƛŀ

ȨŤ�Ć
ˑ˭̢͢¿̨͜ǅ��%�KȨȐĹ��˒�ºǇu9Ƶř̶� 
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10:101�ȇ�̭ƫƛ̨ƤĬ�þÆz�ûȇĊ�Ǩ�ăzKǫĆ̿Ř�
̭ƫƛ̨Ĭ�K&ǅĊĢɎ�ȭ�Ƃɰ�ŀɎ1�ŴKoŀĿ˰� 

 

˪  57Ϋ{͏ͣɈʅ�û�ΓŀȊ�ĆȑĐ�̭ƫƛ̨ŀĿ˰  

 

˪  58��̭ƫƛ̨ś̆ˊ§Ɨƙľ�RÆuȉŲĬǅ%ʺĔKž̰
ϔ±Ωή��©ƙʘþ%oÒ�ħRςRǫͭ͜�  
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˪  59Ǯ
śŨoͭh�lb�̣Ɣʗµ͏ͣ  

 

˪  60̖̿�̭ƫƛ̨ŀoͭĿ˰  
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10:26 Õ¡�̭ƫƛ̨ŀoͭǇuŨ�Æz�ûȇ�̭ƫƛ̨Ĭ�K&� 

 

˪  61Ϋ{�ûȇ�̭ƫƛ̨�Ǩ�þĬ�K&�Ƃ̿Ř̨͜Ϥ͆ŀ
����©̩ɛ�̑͢¿ƯɊçģ¼Ϥ͆�  

 

˪  62̨͜Ɋ˸ȓŌKƛ�©ǅKƛƇ˅o͹�»ƕKƛķǱƐ 1-30
1  
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˪  63�l�Ɋ˸ȓŌKƛ��b��ś̆Ɨƙľ̰ϔ�͞ƒ̨͜�K
Ũŀoͭɀqʥ�̣Ɣƙʸ͏ͣ  
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10:29 ƙʸ͏ͣ�̭ƫƛ̨ŀoͭ��¨Æz�ûȇ�̭ƫƛ̨Ĭ�K&� 

 

˪  64�l�͏ͣŨŀ̨͜oͭĿ˰�ăś̆ʁʯΨǨ�Ɇ̷ʗ�K&
Ũ�Ɨƙʺ�ë˛��ăǪ̑͜�K&ŴoͭĿ˰��b�̨͜ʗ�

K&ŨÊȭoͭĿ˰  

10:31 ˂ɘ�̭ƫƛ̨͢¿Pͦ 

 

˪  65�l��̭ƫƛ̨͢¿Pͦ��b�˭̢͢¿ŀˢˌɽƛ  
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10:45 ȇ�̭ƫƛ̨�Ĭ³ίKƛ 10?Ⱦ�ʗµ9Ƶř̶ʘɸ 

 

˪  66Æz��ûƬϤ�ħǴŀʔίǤˎ�|´̸Ϛ��ę̑͜�Ĭ
³ίKƛ 10?Ⱦ  

10:50 ȇ�̭ƫƛ̨�Ĭ³ίKƛ 40?Ⱦ�ʗµ9Ƶř̶ʘɸ 

 

˪  67Æz��ûƬϤ�ħǴŀʔίǤˎ�|´̸Ϛ��ę̑͜�Ĭ
³ίKƛ 40?Ⱦ  
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11:17 �͏ͣ�̭ƫƛ̨ŀ�ĬȨŤ³ 20?�űȇ�̭ƫƛ̨�Ǩ�ƙʸ
̸ϚȨŤ 

 

˪  68�l��Ǩ�̭ƫƛ̨ŀȐĹ��b�ƙʸ��ûϤ͆�̸Ǥʔ
ί  
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11:21 ƙʸ�Ĭ�̭ƫƛ̨³ίKƛ 20?Ⱦ�R̹΅˭̢�ρɶ͢¿ǅŀ
KȨ 

 

˪  69�l�ƙʸ�Ĭ�̭ƫƛ̨��b�  �Ĭ³ίKƛ 20?Ⱦ  

11:22 ǋ͠%�KȨ�ίKƛŀʔί��ʗµ9Ƶř̶ŀǇu�±ƞͷʋǅ
ʚɊ˸̪��̧Ǹ̥ƞ��ăȎKƛķǱɊ˸̪Ǳ�˭ϝʅåǅ»ƕķǱ

Ɛ 501� 

��˓ ȹ˭ϝǼ̶óŊ 7� 
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11:55 Õ¡͏Ź��£̨͜¿ʻ 

 

˪  70ß�̭ƫƛ̨ȏK&�Ǩ�©ǅKƛ�ĔƞḬ́ϔ�KƛķǱ
»ƕƐ 501  
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˪  71�l�οę̑͜�Ǩ�ο£Ų̊͜Ϥ͆��b�ę̑͜�³û�  
  



75�

!

! 91!

Ŋ  7  SBPǇuǼ̶ƏͶ  
ǅʚ ȨŤ (m) ķÚ 9Ƶř̶Ǉuƣ ɾƵΑķǠʘ % 
10:49 4 1 40 1 
10:58 4 1 0 1 
11:00 4 2 0 1 
11:02 4 2 40 1 
11:03 4 3 0 1 
11:05 4 3 40 1 
11:23 2 1 0 50 
11:26 2 1 30 50 
11:29 2 2 0 50 
11:31 2 2 30 50 
11:33 2 3 0 50 
11:35 2 3 30 50 
11:40 4 1 0 50 
11:41 4 1 30 50 
11:43 4 2 0 50 
11:45 4 2 30 50 
11:47 4 3 0 50 
11:48 4 3 30 50 
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ŒͶ C ρɶ SBP_SS˭ϝǤͶ  
ǅʚ�2014/9/25 

�Ξ�ȡKρɶ 

:ǎ�ɬǆĽ̽�ǵ˻§ʟ 

�Ư�̐Ϣ�͝
ʣ�Ň�Öǿ��ɒŦʉ�ĩ˃���ȫ0c
̩ćɼ�

͊Ğ͙�Fw��λƲͬ 

̨͜� �̭ƫƛ̨(Sub-Bottom Profiler, SBP)�ǶȖΑǝ(Sidescan Sonar, 
SS)�GPS͋ŵĝ¸ðȷ 

˚Ƽɂ˧� 

 

˪  72�̭ƫƛ̨ɂ˧Ƕ͆  

 

˪  73ǶȖΑǝ͏Źɂ˧ɸ͆  
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˭ϝƏͶ�  
9�00¿ʻ�Ưß̨͜ʵ�Ƚ�ZÐ�̭ƫƛ̨īɗ̑Pͦ�ǶȖΑǝī
ɗ̑Pͦ�ɾˢͦ�GPSðȷ� 

 

˪  74r¨˭ϝȽǰ  

 

˪  75(a)�̭ƫƛ̨�(b)ǶȖΑǝ�(c)GPS͋ŵĝ¸ðȷ  

(a)

(b)

(c)
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˪  76Ƚ.̨͜Pͦ˂ɘ&  

 

˪  77�̭ƫƛ̨�K˂ɘ  
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9:33 �̭ƫƛ̨ SBP˂ɘ!¿Õ¡�þ˂ɘ�Ĭ³ίKƛ 30?�þȲǺ
³ə[οŀɸ͆�˂ɘʙěʕɸ͆� 

 

˪  78  �̭ƫƛ̨�K  

9�45 Ī˟ə[οɸ͆�ȏ[±ŝāØƂɸ͆ 1�ɸ͆ 2ɸɸ͆ 36��P
ƔƂɸʘŊ̭Ģĵŀ9Ƶř̶�%̣Ɣăz;�ŀǠʘ�ų̋͜ powerɄ
ĝƂ 50�ˈ{�śǇuɸ˔�9Ƶř̶ǇuǼ̶ɄĝƂ 30� 

 

˪  79  ȃµɸ͆ 1 
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9�53 �KȨˠȣ�SBPƴĮόĢ�űȇĊ¸ˊâƂK� 20?��ǅƂ
ΙÂΗȜ̺͛Ɯ�ȇ SBPȲ³ȽǶ&iȾ�þRKȨ˛Ȩŀɸ͆ 3ʗµɸ
˔� 

 

˪  80  ȇ SBȲ³ȽǶ&iȾ�ȨŤƂK� 20?  

9�57 £ďŀǦˎ%��ƙʕ�¨ɸ͆ 3� 

10�04 SBP+ɺʺόĢ��©âƂKƛ� 10?�ƙʕɸ͆ 3� 

10�09 Ǧˎ+ɺ§ǽδ�ȘɸŴȽ&iĢɎŀɸȨͦ#Π�âƂKƛ�
0.50?�ƙʕɸ͆ 3� 

10�14Ǧˎâʈ�ŋ�ʕɸ͆ 2� 

10�18ʕɸ͆ 4� 

10�21ʕɸ͆ 1� 

10�25ʕɸ͆ 5��Ǧˎȯȉ�ζ˼4ď˵žľ�ĨǨ SB�þʗµȤǮ� 
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˪  81  ȤǮ SBP�4ďŀ˵žľ  

10�29ƙʕɸ͆ 5� 

10�33R 3-41Ϗ�ȟɸ͆ŀɉŤ�āØʕÕɚ�ŀɸ͆� 

12�47Õ¡ SBP͏Ź¿ʻ� 

 

˪  82  SBP�£ȐÚ  
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13�16˂ɘ SS̨͜�ˈʏ»Ũ�ìĝėĝ�ίȽͻƐ 1/3Ⱦŀlȼ�ȨŤ
ƂK� 1.50?� 

 

˪  83  SS̨͜˂ɘȐÚ̑ŲĬȐÚ  

 

˪  84  �ŁȓzϤ͆ʗµī¦¿ʻ�RɿιėĝϤ͆ĭȽǶ�ΈŹϤ
͆��ĿĹ  
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˪  85˾ƈ SS¿ʻǅϤ͆ĿĹ  

14�45Õ¡ SSĈǻȀ͏Ź¿ʻ� 

 

˪  86�£ SS¿ʻ  
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ŒͶ D ρɶ SBP˭ϝǤͶ  
ǅʚ�2014/10/09 

�Ξ�ȡKρɶ 

:ǎ�ɔǅǭœ 

�Ư�̐Ϣ�͝
Öǿ��ʣ�Ň�ɒŦʉ�ĩ˃���ȫ0c
̩ćɼ�

͊Ğ͙�Fw��λƲͬ 

̨͜��̭ƫƛ̨ (Sub-Bottom Profiler, SBP)�GPS͋ŵĝ¸ðȷ 

˭ϝƏͶ�  
10�40¿ʻ�Ưß̨͜ʵ�Ƚ�ZÐ�̭ƫƛ̨īɗ̑Pͦ�ɾˢͦ�
GPSðȷ�ʵ˝Õ¡Ũ͖ί̀ͻ� 

 

˪  87�̭ƫƛ̨  
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10�47ĭȽlȼŨǶŲĬ�̭ƫƛ̨�þʙěʕ&iɸ͆� 

 

˪  88ĭȽlȼŨǶŲĬ�̭ƫƛ̨  

10:50 Ƃ
ϟīɗ�Ƚʕɸ͆ǅ�Ǡ�ȽŀlŨF�Ϋ{�īɗŀĈǶ1Ä
zĈȟŏŤ%�ŀι�ėĝ��©�ȲǺǅ�Ƃ
ϟĈȟι�oÒĔ��

�©̨͜ʺʁʯĤȽŀhǶǷ�×ȝǠƚÀȽ@΂ɾVŀ͛Ɯ� 

 

˪  89�ȇīɗėĝ�ȽǶ�ǥ͐˒�ºėĝ  
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˪  90�ɹĸȏīɗŀĊS�FàV�͒ŀėĝΞ�e�ȏīɗbǶ
ĢɎĨ�ȟι�ėĝ  

 

˪  91ȇīɗRĈȟι�ėĝ�&iϤ͆R8bǶĢɎ  
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˪  92 �īɗµʗǅ+�ȽŨF�þî§�ˤɯŀĤȽŀlŨFȲǺ�
�©�ǥ͐R8͏ͣĈȟι�ŀŏŤ�Ϋ©͏ͣι�Ĕ�ȐÚ  
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11:23 �ɹ͒�ŀėĝΞ�ÈăīɗʁʯĤȽlŨǶ˵�¾ŴĔďι�̰ϔ�
͞ƒīɗ�µʗǅʺʁʯΩή�ăȎƜ˥%ŴŠŁĤ�q��©˖ǃş͑

þ%��əŨìĝ�&ʚȗ�Ǒȫ�þĨŏÁĬʔί�ăīɗĭȽŨƐ 30
0?Ⱦ�±Ǒȫ̑īɗʔί 30?��̭ƫƛ̨YȪǼ̶ɄĝƂ 90�9Ƶ
ř̶ǇuǼ̶ɄĝƂ 30� 

 

˪  93XːǑȫ�Ϥ͆�R8īµĿĹ  
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˪  94RŨīF ħȎďŀ˖ǃ�`įϜƈV�¨̑�¨9Ƶŀ�Ǧ  

 

˪  95īµɍ&ƴĮ4ď˵žľ�̣ƔȇīɗĨ�ʗµȤȬ  
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14�40 ʕÕɸ͆�ʗµ�£¿ʻ� 

 

 

˪  96�£īɗ  

 
 



75�

!

! 107!

ŒͶ E �̷ŀÚ̙˃L  
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ŒͶ F  SBP͔ɸ˖ǃ  

 

˪  97  2014/10/99Ƶ͔ɸ˭ϝ'ɸ͆˪�Ģ˪Ƃ9Ƶř̶˪�˪��  
ƂȡKĶ�ɵρɶ�ɸ͆¸�ȡKĶ͕ŝğŀĶöʖ¸ˊ�  
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! 111!

 

 

˪  98ɸ͆ W26 
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˪  99ɸ͆ W25 
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˪  100ɸ͆ W24 
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˪  101ɸ͆ W23 
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˪  102ɸ͆ W22 
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˪  103ɸ͆ W21 
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˪  104ɸ͆ W20 
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˪  105ɸ͆ W19 
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˪  106ɸ͆ W18 

 

˪  107ɸ͆ W17 
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˪  108ɸ͆ W16 
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˪  109ɸ͆ W15 
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˪  110ɸ͆ W14 
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˪  111ɸ͆ W13 
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˪  112ɸ͆ W12 
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˪  113ɸ͆ W11 

 

˪  114ɸ͆ W10 
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˪  115ɸ͆ W09 

 

˪  116ɸ͆ W08 
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˪  117ɸ͆ W07 
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˪  118ɸ͆ W06 
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˪  119ɸ͆ W05 
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˪  120ɸ͆ W04-1 
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˪  121ɸ͆ W04 
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˪  122ɸ͆ W03 

 

˪  123ɸ͆ W02 
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˪  124ɸ͆ W01 

 

 

˪  125ɸ͆ N01 
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˪  126ɸ͆ N02 
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˪  127ɸ͆ N03 

 

˪  128ɸ͆ N04 
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˪  129ɸ͆ N05 
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˪  130ɸ͆ NL01 
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˪  131ɸ͆ NL02 


