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FIG.3.13 Depth dependence of sound absorption losses measured at the(1) Japan
Trench on April 12, 1995 and (2)Ryukyu Trench pn May 31 1996. Absorption losses are
normalized so that they correspond to the conditions of constant salinity and tempera-
ture, and reflects only the effect of depth.
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DelGrossoll 0 [ O O [ oood@4.2)
(V. A. DelGrosso, J. A. S. A, 56, p1084,1974)

C=C1+CT+Cs+Cp +Crp

C 1=1402.392

Cr =4.5721T - 4.4532x10°%T %+2.6045%10 *T 3+3.3603x10 T
Cs=1.329523S +1.289558x10” 452

Cp=1.59893x10°P +2.478901x10 'P?- 8.485727x10xP>

Crep =-1.275628x10°°TS +6.477152x 10 TP +2.760566x10 2x T 2P*
-1.65695x 10" 8xTP2+5.536118x 10" TP 4.466674x10°°T 3P

- 1.681126x10™'S?P%+9.684032x10°T° S +4.952146x10 TSP
- 3.473123x10°TSP

where S: Salinity (ppt), T:Temperature (L), P: Pressure (bar)

Chen & Millero O OO 0 O oood@.3)d
OO0O0  (ChenC.-T; Millero F. J., J. AS.A, 62(5), p1129,1977)

U (s,t,p) = Cw (t,p) + A (t,p)S + B (t,p)S¥2+D (t,p)

Cu(t,p) = Coo + Coat +Coot 2+Cozt 3+Cost “+Cost ° | A(t,p) = Ago + Aort +Agat 2+Agat 3+Agst *

+( ClO + Cq1t +Cyot 2+C13t 3+C14t 4) p +( AlO + At +Apt 2"'A13t 3+A14t 4) p
+( Cyg + Cort +Coot 2+Cp3t 3+Cpst 4 p2 +( Ay + Appt +Apt 2+A23t 3+) p2
+( Cgp + Ca1t +Cgpt ?) p3 +( Ago + Agit +Agt 2) p3
Coo = 1402.388 C10 = 0.153563 A = 1.389 Ao = 9.4742x 105
Cop =5.03711 Ci1 = 6.8982 x 10 Aoy =-1.262x102 A = 1.2580 x 105
Coz =, 580952 x 102 Cy, =- 81788 x 10° Agp = 7.164 x 10°5 Agz = - 6.4885 x 10°6
Cos = 33420 x 10°* Cy3 = 1.3621 x 107 _ 6 Apy = 1.0507 x 108
- 5 13— 4 10 Agz =2.006 x 10 13=1
%’g“ — 311'%203 fo.lgo C14=-6.1185x 10 Ags = -3.21 x 108 A = -2.0122 x 10°10
5T Cao = -9.7729 x 10°° o
Czo =3.1260 x 10°° Cay = 3.8504 x 10°10 Aso =-3.9064 x 107 Asgp = 1100 x 10'12
Cy =-1.7107 x 10°® Cap=-2.3643 x 1012 Az1 =9.1041 x 10°° Az = 6.649 x 10°
Cyy = 2.5974 x 108 Any =-1.6002 x 10°10 Ag=-3.389 x 1013
Cys = - 2.5335 x 1010 Aoz =7.988 x 1012
= -12
Caa = 1.0405> 10 B (t,p) = Boo + Bo1t +(B1o+B11t) p
D (t,p) = Dgo + D1g p Boo = -1.922x 102 Byo = 7.3637 x 10°5
Doo =1.727x 103 D10 =-7.9836 x 10°® Bo1 = - 4.42x 10 B11 = 1.7945 x 107
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FIG.5.4 Sea water temperature(a), salinity(b) and sound speed(c) profile in West
Mediterranean Sea(measured at 39 0 53,5'N, 4 43.3'E in 11th Jan 1994).
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FIG.5.10 Sound fields for the sound-speed profile in FIG.5.5(b) including all modes (a) O to
100 km and (b) O to 25 km.
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FIG.5.11 Sound fields for the sound-speed profile in FIG.5(b) including only modes corresponded to
(a) reflected wave at bottom , (b) reflected wave at top of basement and (c) refracted wave in 2nd layer.
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FIG.5.12 Nine kinds of sound speed profiles with the ocean partitioned one layer and
the bottom into one. These last layers are an isovelocity half space.

gobdoboobgoboobooboobooouoouoouood
gobdobibguobgbobbogobouobuoboobuobuoouood
gobdobibgbobgobobobogbboobbobbbobgbuoouobd
oodobbbooogobbbooooobbbomrosgobbbooog
goboobgoogaogan

gogoricsh12u0bboodooubbobbooooubobboooooboog
bbb oobuooooooooobd

74

1555



1 . . . . i i ‘|‘ i i
o 3 ' d-q= .
2 a:g=0.015% | 2 o5 d:g=00171%
g - Ul' | E '1'1\
<
< 0 Mﬂ NHW\/M“ML R Ao sbe. MI 1
1167 168 169 170 171 172
2 g |
g . b:g=0016% £ os| | e1g=00172%
s | £
E < L. m
0167 e 169 ““‘ - — S A‘““ 1167 168 169 170 171 172
1
8 g “ =
R c:g=0.017% % 0s | ”\ f.g=0.0173% |
s IS I
£ bl
< ”M < r ol
0 1MW‘” Mi% e :157 1GWM%W = 170 171 172
1 , , [
2 .‘ | 8 . :
R | 1:g=00183| 2 .| | 9:9=001743]
g W M’ < M_Muwwwﬂ’"‘w
0167 168 AMNMMM r ,L”W\I7O all 171 i 172 :167 1é8 169 170 < 171 172
Arrival Time (s) © “
FI1G.5.13 Arrival pulse waveforms including both :g 05 | h:g=0.0175%
surface guided wave and top-bottom trapped <E( WM
wave by normal mode method for four kinds of ‘167 T68 oo o m

. Arrival Ti
sound speed gradients. rrival Time (3

FIG.5.14 Arrival pulse waveforms including

0000000000000 0000nn both suraface guided wave and top-bottom
trapped wave by normal mode method for

uboboodbbowguooood five kinds of sound speed gradients.

000000000000000000

00000000000000000000000000000000000000
0000000000000000000000MO00000000MmMO00On
0000000000000(),0O0(E000D00000000000000Mm
00000000000000000000Q)0000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000FIG514000FIG513(7) 00000
00000000000 000O0O0O0O0O0O0ODOO0OODOOoooooooooO
FIG514000000N=000000000000000000D0O0000000

75



DSurrace

00000 0FIG.5.14(d) ()0 Source Receiver
(1) N-1
O@AOO0O0O0OFIGS15000

Sea-Bottom

aOrEO,EEEE—EOOOOESs
UN-1000D00O00o0oo0o0 , B e

00000000000000 mm\\/A\J/\\/ﬁmmr
DDDDDDDDDDDDDD Sea-Bottom

O
SHRITIIER AN

gobgobdgobaotd (2)N<

Surface

Source Receiver

gooogooogouobood
FIGS5150000000000

Sea-Bottom

A Y DTN

Oooboogoooooodd N Surface
Source Receiver

Oooooogooomogn (3) N+1 W

Oooboogoooooodd Sea-Botiom

T T T IR

Jobooboobooood FIG.5.15 Four kinds of ray paths with number of

O00O00000o0ooonon reflection at sea surface (1) N-1, (2) N and (3) N+1
Siaiaiaiaiaiaiaiaiaiatatals (e.g. shown ray paths of surface guided wave with N=3)
O00doboooooooooooood

0000000000 oooooooooooomoooooooooooad
0000000000000 0o0o0bO0oodooboooooooooooooDooa
oooogd

54500 000000000000 0O0
O000OATOODDUDODODOODODUODODODO0L0Dmooooooooooobooon
0000000000000 @odddddgdgogooooao
000000000000 dogogobbooboooooa
200 mI 0000 ooooosombdddoooboooooooooDoooon
0000000000000 ooooooDo0D0D@ooooooad
00000000 ooooooooooooooooooooooomooa
000000000000 0000000005.4400 Model dODOOODOOg=
001710 000000000000 2650m0O0 2750m O0O25mO00O0O0O0O

guodoboobgoboobgbobogogbobobobobbobobobbdtg=

76



172

172

172

8 Depth = 2675| ‘ ‘
=
2 H } n”
< MN M ‘
167 168 169 170 171
1 T
8 |Depth = 2700 ’ ' !
% 0.5} ‘ ‘
IS
< 4@@“@
167 168 169 170
1 T
é Depth 2725 ' H !
= 05}
: ]
< IMUF‘ NWWMM
167 168 169
E | Dept = 2750|m “‘ B
: Jl ‘
16 169 170 171
Arrival Time (s)

F1G.5.16 Arrival pulse waveforms
including top-bottom trapped wave only by
normal mode method for five kinds of
depths.

0.0171s'0000D0DOOODODO
gobgougogoboonogo
oogdobbodgd FIG.S.160
obbgouogouoougaoogd
Dododdleszsduopoooon
ogogogogogogogn
Doodoorcasoooooon
oboNObooogoobgoogdad
guogogogoogooggogd
oodobobbbobOod 1e8.2s0U
gbogbogonoguoagod
oboobogoogoogdam™mo
gbooaoboggboggbod
oo oooogaogan
goodaooboobbogogooad

bbb obuoobboooobd

gobdobooboobobooubgobooobbobuobuobouood

gobdoboobmogoboobuoboooouoogoogood

oodorGcsS17digoobbobooooobbobooooobbobooog

gobgoboobgobgoasd4d4bpgunoobboobobuoouobd

oo ogoboobuobobooouoouoouood

gobogbgoogoogood
goooobbbogogooooon
gobooboobuoouood
oboobgoogoooood
5460000000000O00O0
good
goooobbbogogooooon

Variation in Arriva Time
(s/ 100 m)

0.4

0.3

0.2

0.1

0

X

X
</’
)?’/»/

6 7 8 9 10 11
Number of Reflection at Sea-Bottom

12

FIG.5.17 Relationship between number of
reflection at bottom and variation in arrival time.

77



O02554kmO0000150mOO0O0O
obgogobobgobdoogan
obogogobgoboboaboooogn
gooodgoooogubb gooo
gobobgouobgouobaood
oodobooATOD O OOOOooLooODO
obgogobobgobooogn
obgogobobgobdoogan
gobgogobogboobdooood
gobobgboboobooogogan
gobobgouobgouobaood
obgogobobgobdoogan
goboobodobiobgobodgan
obgogobobgobdoogan
obgogobgboboobooogn
obgogobobgobdoogan
gobgogobobgoboogan
obgogobobgobdoogan
0 d

oobooobobooobbogn 150 m

172

172

(]

o

2 s z=150m |

g i
. L
167 168 169 170 171 172
1 . T T

% '

2 s z=160m \

s |

S !l

|

< el
167 168 169 170 171
1 . T T

% "‘

2 z=170m \

3 ° /

IS

< 0 el JMWMWWM s s
l167 168 169 170 171

[

=

%— 05 Z= 180 m

IS

< MM’LMM'M)‘M
0 A P,
167 168 169 170 171 172
1 T

()

E = |

%_ 0.5 z=190m H

1S

< |
0 JUMMWWW . ”
167 168 169 170 171 172
1 T T T

2 |

= z=200m

= osf w

IS

< F
0 R L
167 168 169 170 171

Arrival Time ()

FIG.5.18 Arrival pulse waveforms including
both surface guided wave and top-bottom
trapped wave by normal mode method for
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