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PROGRAM BTLS DESCRIPTION

I. INTRODUCTION

This is a description of the computer program entitled PROGRAM BTLS provided
by Science Applications, Inc. (SAI) of McLean, Va. It is based mainly upon
the principles discussed in an article by C.W. Spofford, R.R. Greene, and
J.B. Hersey of SAI, "The Estimation of Geo-Acoustic Ocean Sediment Parameters
from Measured Bottom-Loss Data," to be published in the Journal of the
Acoustical Society of America, under contract to Naval Ocean Research and

Development Activity, contract number NORDA SEAS NOO 14-78-C-0211.

Individual statements, computations, or formulas used in the computer program
and subroutines are discussed and analyzed in order to relate them more

clearly to the physics and assumptions made by Spofford et al (1982). This

is done to enable the user to more readily have access to an understanding of
the program and its proper utilization. It may also enable such modifications

(if any) as may be desirable to be made.

The geo-acoustical model upon which Program BTLS is based is shown in Figure 1
which is reproduced below. The sediment is characterized by a compressional-

wave sound-speed profile given by (equation 13 of Spofford et al. (1982)).

c(z) = ¢, [ (1+B) (1 221332 >1/2 ) B] (1)
0

where 9 is the gradient at the top of sediment, Z is the depth below the

top of the sediment, C is the sound speed (with C(o)=CO), and B is a para-
meter which controls the shape of the profile. From this equation an
expression for the sound speed gradient as a function of sound speed C (Z)

is found to be (equation 14 of Spofford etal.(1982))

dc _ (1+8B)
9(2) =43z - 90 g———————
clz) 7z
5 + B (2)
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These two equations are used for ray calculations involving the sediment

and are of major importance in the model.

It is assumed in the model that a thin layer characterized by a high sound
speed overlies the sediment, and at the bottom of the sediment there is a

basement with acoustic properties different from the sediment.

Various possible ray paths for which computations are done by Program BTLS

are shown in Figure 2.

Pages showing the GEO-PARAMETER INPUTS and INVERSION PARAMETER INPUTS follow
Figure 2.

A copy of PROGRAM BTLS is provided for convenience in Appendix A, a computer
derived flow chart is in Appendix B, and Appendix C contains a computer run
stream example. The computer program and subroutines are discussed in the

order in which they appear in the printout.
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TABLE 1. GEOPARAMETER INPUTS

INPUT CODE PARAMETERS .}1UNIT
T Two-way travel time thickness of sediment in )
tenths of second 0.1s
NNFILE Arbitrary file or station number
I0PT Input Option: O for geo-parameters
1 for inversion parameters
ZB Water Depth m
A Source Depth m
ZR Receiver Depth m
) Sound speed at source or receiver,
whichever is shallower m/s

a1 Sound speed at bottom of water m/s

GEO-ACOUSTIC PARAMETERS follow:
RATIO Ratio of speed in sediment to speed at bottom

of water -
G Gradient at top of sediment 1/s
BETA Cononical curve type -
GAM Attenuation profile gradient dB/mz/kHz
REF Basement reflection coefficient -
AL PHQ Surface sediment attenuation dB/m/kHz
RH? Thin layer density g/cm’
RH3 Sediment density g/cm3
D Thin Tayer thickness in meters m



8BTLSY

TABLE 2. INVERSION PARAMETER INPUTS

INPUT CODE PARAMETER CONIT
i Two-way travel time thickness of sediment in

tenths of second 0.1 ¢
NNFILE Arbitrary file or station number
I0PT Input Option: O for geo-parameters

1 for inversion parameters

ZB Water depth .
ZS Source depth m
ZR Receiver depth m
CS Sound speed at source or receiver,

whichever is shallower m/s
C1 Sound speed at bottom of water m/s
DBLOSS A value of loss, frequency and angle - dB
FREQ example: DBLOS=7

:;Z?:ezcgoa 200 Hz g:;ﬁées
ALOSSP Low frequency loss level at high angles dB
ALOSSM Minimum loss level at high angles dB
M Frequency of minimum loss (of ALOSSM) Hertz (Hz)
IR Angle of total internal reflection degrees
THC Angle of caustic degrees
RATIO Ratio of speed in sediment to speed at bottom

of water -
G Gradient at top of sediment lif's
BETA Canonical curve type

Sound speed profile parameter -
GAM Attenuation profile gradient dB/mZkHz
REF Basement Reflection coefficient in pressure units

6



I1. THE PROGRAM

We now consider PROGRAM BTLS. If IOPT = 1, inversion parameters are computed

as follows:

OPTIONS AND ERROR CHECKING

The angle of total internal reflection is designated by TIR. This angle is

found by use of Snell's law, he Waéir
COSQI = COS@Z ’ ;
(3> Layer Co
C, C,

Sediment Cj

Figure 3. Ray Path for Total Internal
Reflection

where C; and C, are speeds of sound at the bottom of water and in the layer
respectively while &; = TIR is the grazing angle in the water at the water-

layer interface and 0, = 0, i.e. the refracted ray is parallel to the water-

layer boundary. Thus cosTIR = C; and
: -C; )
RATIO = C, =1,"cos TIR , (e TR
is expressed in radians or Cy
C2
=1/cos(TIR x _= ¥ .
(7] /// ( T@ﬁ) (b) for TIR input

in degrees. Then
C, =C; x RATIO (G)

and since it is assumed the sound goes’into the sediment below the layer, the

assumption is made that the speed of sound in the sediment below the layer is

the same as in the layer so C3 = Cj.

IF_GRADIENT G IS NOT SPECIFIED, CALCULATE IT FROM THE CAUSTIC ANGLE, THC

If G# 0 go to 300

If THC < 0 let THC = 30 degrees. This is a starting estimate of the

angle in degrees.

Call GCOMP (the last subroutine in the program).




SUBROUTINE GCOMP

This subroutine is used to compute the sound speed gradient, 9,2 at the top

of the sediment. Quantities are defined as follows:

water
8y = @ Ch

02 layer

C2

sediment

Cs

O3

Figure 4. Ray path showing angle designations.

THRC = 30

THC@ = THC = 0,

B = Beta

THRC = 30 X n/180 converts angle to radians.
THINC = 1 an angle increment of 1 degree.

D1 = 2*ZB-ZR-7S is twice the effective depth, D, given by equation (10) of

Spofford et al.(1982).

-1

TH3 = @=cos ¢cj3 Coso, from Snell's law and figure 4. (7))
€y
FACT L = F1 = ZBC,
&
1+B C&')
= F, = -
FACT 2 = Fp = 1+ % ERE e oy (9)




Inorder to obtain the equation for GZERQO = g, in the program, we need the

equation for the range as given by equations (16) and (21) of Spofford et al.

(1982) which can be obtained as follows:

= R
SOURCE - R/2 ’% > RECEIVER

BOTTOM s

—

Figure 5. Diagram showing range, depth, and apparent bottom grazing
angle relationship.

D _ 25 _ DI
tQ\nebz R/2 R R (/0.)

where D1 = twice the effective depth.

For sound refracted in the bottom, an increment, Rs’ must be added as shown.

[ R, >

7 e AL |2 Refracted path in sediment.
L e

Figure 6. Range increment for refraction in sediment.




In the sediment tan &= £% <o

2R '
= A= " 116) o £ Spofford etal (1982) s
C/t) ok = = WS and 9. (1¢) P
(12) 725: ljz—zﬁa;_) where = IS e ther
aqawn
o -

the turning point depth for the refracted ray, or the basement depth for rays
which reflect from the basement. Snell's law applies in the sediment where

the sound speed gradient is assumed to be vertical so (letting subscript o

refer to the top of the sediment)
=) (13}
cos O(z) < L0 Cz)
[«

and taking a

derivative with respect to z we get

)0;92(2) cocs: Eo jg(z) COCS:S 9(2) {1Y)

~<Sin Blz

where g(z) is the sound speed gradient in the sedwment

2w O2) = 5inEz) _ ~ceosC/C. q(z)
e O GG ((coseo/c ))C(z) (ae(z)) /73]

_ g(z) LA
Law Oz) = - c(z) o802 7 ¢
cot BC2) = C'(Z).Q{—Q-)dz - 7

FECEES) 2 o2 JdeD > 8)
Kg = jcde(z)o’Z = lj;—- g(z) oz ‘

In the model it is assumed g(z) = go(14B)Co and we have
C{Z)+BCo

= g COSQ(Z} (/7)
e - Coczg2) <o
c(z) _ Co coes 9(2)(C(7—> *BC°) : (z0)
3(7—): ces Spo ﬂo( (‘FB)C

- BConse(z-) C(L)COS Q(Z)__ = 1)

K T < I+ B)Coseo go( I+ B)cos@o |

9[2) (22
o BCocos@({-L4Co Cos :
o(|+8)60590 90(]-}- B)Cosez
= G _ BcosO(2) 4 Les e(z) (23)
-ﬁo(l'f-B)COSeo | C oSl

10



Changing variable for integration from z to @ gives

Rs = -2Ce (B cbs@(z) + cosie(z) de. (24}
9ol1*B)cos G, cos Sp
Interchanging limits changes the sign to give upon integration. SER=/N
5 s/ Hle -
Re = Lo BS""e"‘(e"' )(0590 (23
9o (14 B)cosEo ez

Ks=

hOcos &=
3 (/+8)c”9o[235'"9+”’9" S‘T‘éo’éj

Letting 8' = 0 in this equation for a path refracted in the sediment without

reaching the basement gives

6" SinE,( 1+ 2R 5 (2274
R= &8, z:weé 90(/+B)cos‘99[ ' ( 27

Now substitute as follows: 20 = D1,8, =Brcz7#RC, =&, and find with Co= (3

= D, s C S:HQ} 93 ZB
R = tauw Gre +go()+;)cqs83 Sl'n@cosézg +(l+ >j (28)
] Z___}__t‘;ﬁ.@l
R 'éfm Src 90( H‘B)(ZB) [(ZB+)> Svke_gc_os&z] /Z‘i)

Ss3
R= D@t%'i@%(ﬁ%«o@ l*ZB * B5Barn Gl . (30

Fl thaMQ:’ .
R_ tﬂkhaﬁc-}_ i cl

This is the same as the equation for R in the program. Take the derivative

of R with respect to 83 which can then be set equal to zero since we expect

dR = 0 for the caustic ray.

d03 2 :

c CL'V\ 6 = 4

_‘2{——-0‘; = csc;”erc aol‘%r ¥ —_ 6;4(—9_3)% « 33 Fé = *J O(‘)
73 :

Find derc as follows:

d93

1




Snell's law is cosPrc = €y cos 93,

G ' " (33)
“and taking a derivative gives
-sinOrc dbrc - -C) s1n93 (8
& T3 :
dbrc = ¢} sinB : . 7.5
& G s1n5:c ¢ )

- 1
% %[W&%ﬁ (3¢

- ?g;:g;@gcotej

By use of identies we can write

dFp = 1 [1 ) (smz@-co?@gj . (37)
d_é 2BsinBjcosth 3(sin€cosy J

Substitution of (2) and (3) into (1) gives

2 Ci\Tin O3 F &n@
~Dlesc er’c(C_?)sM Orc *+ ‘3; 2Bsincos O3 Log )

<[1 - (geefh] L Bl ] = 0. ()

.Solving this equatign for 90 and using some identities g1ves the reé;u]t
? - Cz sin€ Crc Cz I"'§3 ‘Cos 28 -sin<O
=

C;Dlsinbx (’+B)c05293[\ Srn@ cos 93/
F Fo

% :
cos 63}

which is the same as the equation in the program for the sound speed gradient

7
£
o

NS

at the top of the sediment GZERO.

The program follows an iterative procedure as follows:

THC1 = ecf tan-/ D1 = apparent grazing angle as_seen in Figure 7.

R
Souprce 9.: i - L alver
D

pl=
C ( 2D

o = .

THC1 is converted to radians. S
ey,
.
T

F{‘?)“Ye 7 ﬁppqre«n" 3raz.‘ V\j qmjlg,

12




" MAXIT = 100 is maximum number of iterations beginning with computations of

go and R for THRC = 30. Then THRC is incremented by 1 degree, converted to

radians, TH3 is computed from Snell's law and new values of 99> R, and THC2

are computed.

If |THCO-THCI<.01, the computation is finished and THC=THC2. Otherwise
iterations continue with the increment changing sign and being divided by 2

until convergence occurs. When convergence is obtained, the output is printed:
THC = THCZ2 and
G = GZERO.

Nonconvergence is indicated by the output statement

ITERATIONS AND STILL NO SOLUTION.

RETURN

END (of Subroutine GCOMP)

Write statements start printout

CHANGE DEGREES TO RADIANS

THETA This is done for these angles.

THC

TIR

CALL ROUTINE WHICH CALCULATES THE REMAINING GEOPHYSICAL PARAMETERS FRbM THE

INVERSION INPUTS '

CALL GEOPHYS

SUBROUTINE GEQPHYS

COMPUTE DERSITLES 'RHZ, RH3

(41)

Z’:CIPI . i

D= ST — Jéaf = quarter wavelength in layer at top of sediment. €7 |
ZF &

Note: speed of souwddin *he layer, Co , should be used here

inctead o fspeed of sounsl v wqfer,Cl)fhcﬂHPrfoﬁmlfhe
covrvrect /a/er Thicknegs D.

13
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"

EXP(-ALOG(10)*ALOSSP/20 can be written (43)

>
"

exp(-In10) ALOSSP yy
20 . We can see this as follows: N ( \

The reflection coefficient R

(pressure of reflected wave)/(pressure of

incident wave). Thus ALOSSP = -20 1oglc>R is the low frequency loss levels

at high angles.

-ALOSSP = log,. R = In R 4S§
20 10 nT0 (

In R = -(1nl0) ALOSSP
20 . Then e raised to power 1nR gives the equation

for R.
L= (1+R)/(1-R)21,. This is the impedance Z3 of a medium into which a wave (44J
is traveling from another medium which has impedance Z; and is given by eq.

(2.14) of Brekhovskikh(1980) with subscripts changed to correspond to our

situation. Normal incidence as assumed.

-(1n10) ALOSSM (47)
20

R=ce
ALOSSM is the minimum loss level at high angles. This should occur when the

layer thickness D =)\2/4. For these conditions according to eq. (3.23) of

Brekhowshikh(1980),
R=125-2,15 . (43)
72 +7,13

If ALOSSM is a minimum, then R is a maximum. When R is maximum, then szs
greater than Z, and Z3 and we have a high acoustical {mpedance layer which

acts as a good sound reflector. If the value of 22;i5 between those of Z)

and 23 we have good transmission and a small reflection coefficient. When

Z3 =V_Z_/E;)R=0and the incident ray is comp]etei_y transmitted. In this (L(CO
case there is no minimum value of loss at a particular frequency for high

angles. Solve the equation for Zy.

14



2 (o}

RZS +RZZz = Z2 ~Li%s (50)
Z%‘ (R""} =2 -*Z,ZB(R'}'/) ($1)
ZZ. = I]:-; Z‘,ZB (:;Z)

: X e Secowd expression
- agrccw\en'f' w.th th p

‘Fof‘ ZZ v This SQLrou'/':'He_.

15



SPRAT = C3/C is the sound speed ratio. (55}

RH2 = @, = Ip is ‘the density in the layer. . (S9N
Ca ’

RH3 =€3 = 13 is the density in the sediment. . (SS)
€3

COMPUTE DISSIPATION CONSTANT ALPHO

THETA = cos‘l% cos (THETA) = ezis the angle in the layer corresponding to (5¢ )
I

the bottom grazing angle THETA which is input data. The sound speed Co is

assumed to be the speed at the top of the sediment as well as in the layer.

BS = sin B, (57)
BC = cos 62 (&)
V32 = 13-Ia\used to calculate the layer reflection. €S9 )
I3+ ‘
V21 = Ip- 7,land transmission coefficients. These represent equations (31) (éo/\

Za+ Z/

and (32) respectively of Spofford et al.(1982)..

AUX = 47DF sin @?_=Sgives twice the phase length for propagation of a wave {G1)
Gl

e : lo| be chawged to &, the
through the layer as is shown belo .No'fe. CI s how s &
) $pe=gd 0’? Soyu “d ;V\ 'f-b\e \arwer’;v\ rke lassf e*P'QSSlDV\ ;br Aax.

\V = V2 *ng(cosg-ﬁsihcr) ‘
T + Vo, Vaa (cosd+isind)

This is the reflection coefficient for a plane layer. It corresponds to

(¢2)

equation (3.20) of Brekhovskhik(1980) with appropriate changes in subscripts

giving equation (30) of Spofford et al.(1982) and use of the relation

cosS +isind = e'®. @ |
z
_ ’52‘23((2-T;7-z)(23_+23)} . (&3]
T [+ V2 V3z (cosS +isﬂ15)]?‘

This is a two-way transmission coefficient. It corresponds to the use of the

transmission coefficient equation (3.21) of Brekhouskhik(1980) two times;

once for transmission from water (1), to layer (2), to sediment (3), and once

for transmission from sediment (3), to layer (2), to water (1).

16
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For a wave propagating downward, we have from equation (3.21) of

Brekhovskhik(1980) .
W= 422 1 ,
T z",‘:+z?_' H+23) X “Tikgzd Tkazd : (64)

e EPVIE
Taking account of coordinate axis directions and layer numbering for our case

we should have

W T = 4727 1 -
! (23"‘+22'§('z'2"+_)‘_z, < -k ¢S

e +V12_V23E
and for a wave traveling upward
Tog = 47412 Ik
. (Z,+Zz)(;a+z3 -1 i (éé)
e +V23V)ae

The two-way layer transmission coefficient is then the product

T =T, Tp = 162413 %
W
X 1
2 TRy oI 7 SN («7)
(e Vo Voze )(e RCPATE )
T = 162)23 (27_ >2
(21+22)(2o+2Zs) - (o)
L+ Vza Vo (%% + €78%) + (V3?. Vz:) o
L. 162423 ((z,+Zz)B+7—3) -~ C(6?)
P 2V Vo cos 2K + V32.V2))
Lz hod = Kodsin&, = ”’;msf“ﬂ% (7o)

ihe phase length for travel through the layer, and we see

A = 4ITFD sin o =D
Cl
Subroutivne. A ote e &-l‘ou{p( Ae c//\awﬂ.ec( 7lo CZ here,

The denominator of T given in the subroutine is the same as in the last

;J\,fkeex',ress;oh ,-n‘]Llﬂe \/7//)

expression for T. Sign changes of the Z's due to changes of direction which

might be troublesome cancel out.

17




T AUX

-DBLés.s/,o
_ 1D — §= (72)
T
' -DBLOSS//D 5 .
aLs = — /0 /OSIO ( /10 = V ) =8 ?DL'. ' (73)

We can arrive at this relation by starting with the assumption that losses
behave linearly in sediments as expressed by equation (13) of Spofford et al.

(1982)

L=K-S - fK where K is the abserption coefficient, S is path length,

and f 1is frequency.
k

This can be rewritten in integral form. From Snell's law and differentiation

we find

Cos &(z) = coCs G2 ((z2), a

_ sm@(z)o(@(’-) cos Oc a@o@b?(z) T, AC(Z) s,
Bl -gj Co‘FK()(o‘/‘k")o(Z dz)_ Using G(2)= o (,+5)(o (7

¢ 7<)

tos B (z) ) T T A
= -2 Cof . e (77>
ao()+8'3(o‘:¢>s6‘,_( (Ko kDZ)(C(Z)ﬂEC) dz | )
- =24 z Co +k.)BC,z |olOL7
DL: ~2ix wseof [KeCl2)+ K'@)C=) 4Bk 3

The sound speed profile for the mode1 is assumed to be, as given b_y equation

(13) of Spofford et al.(1982):

‘é_ 5
C(2)=[290 (1+B)CoZ + ( 1+B) Czj - BCs, (79)

fr hich e
om(cw-:-cBC) = 230()+B)COZ - <'+_B)ZC% ) KE )
(C+B(Df—(!+3)2Cg‘ =29, (1+B)CeZ , ( st
2

= (C+BCo)2—il+B>2CoZ = A_CC-FB(L;)Z-—("*B)ZCO (2"

= A9 1-B)Ce 20

where
0= 90 ( 1+ B)Cs (3)
18



Sulbsti bt g Zinth Fhe equa¥fion Cor DL gives

2
*l‘F Kgfgc,ggé k'(g 63.9_9 (oCos@ b Z
‘3,( H.};)ws@\S{ CosB,p ZO'cos So [ o5 & Bé (H'B (o]
+ .Bk Co t+ BCoko [(C Cos@ +BC0)2"‘( I+K)ZC§]} U(Q (Sk{)

Let D= "1'FK
q, (1+B)cosOo

KoCrcos © , koCocosO[CocofO | P BCEcosO
DL = DJ {Cos So 20‘(_0;9[;0526 Cos S }éz(
e ~BBES —,BECZJ + BK.Co
b BCOKD\ (o cosC 28&6056%6‘2__238 /B{j]}c{@ (&

20 cost® Cos &,
e’ 3
koC é k‘D Co Cbs =) ;ZB s 6
D L= CO‘D\S {LOSD;O ZO'Cosa [Coszéo coio S, (,+2g)6056:7
Eo

N A A +_ac ky [cofo ,2Beces o (/+23)]]a(8 (&)

ZCoszé cos&p

- Kosin® , Ko Co SlWG n2e)
DL - COD[cbséo EGCOSQO(‘;DSZQC_(SMQ 3 7 C°Seo(-2Q+S£ 6/

—(1+28)sine + BO

5 5§
+ RG Ko ( _/@ 'Ihae Q_B
20 [Coszeol 2 4 54 CosO S nE- (/+28)9>]<<8




Interchanging the limits of 1ntegrat1on and factomng gives

- 2(0 Fk : ¢ = 9» }( 'Co
o 3, ( 1+3B)cos6s (S e 3 /2%'Cos3@o

6+Slh9(059 ZBCZKD +BCO k ) ) ’
+( z 20 Cos*®,

4‘(5iv\9)(26-k0_ ('+'23)I< C-o +2§.Coko)

2_ g cos 90

~( @)(Bm— BCE%_(‘QQ) _ (5% )

This is equation (23) of Spofford et al.(1982). Note that in the second Tine

of equation (23) of Spofford et al1.(1982) the power of cos &, should be 2

instead of 4. Now consider figure 8.

VI‘ “VEL I3:77T,

Fl'g(a\ re &.
refracted paths.

Loss due to attenuation in the sediment only is
DL = -10 10910% ' (s9)
We see T, ;7/‘21—‘, and .
:Taz L, where Ty and Tp are transmission coefficients defined
previously. The intensity of the reﬂectecj ray
14_= VZIo where V is the layer reflection coefficient defined

previously. The intensity of the sound leaving the bottom after reflection

from and transmission through the layer is
= 13 + Id- ” (90/
Is: TRL, +V2I, (57)

Ve (/1) (o

An expression for 12 is needed.
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Now /0/03 ]:2‘.: /O/agflfDL 3 (q-j)
/oj r?_ = /°5I/ - DL//D) ) qu)
ra:_ qﬂt;loj (/oj_Z;—DL//O)‘ - CQSS

Thus Ze o V2 (T2 Jautilts (Jes I, = DL/IO),  (3¢)

-0

I _ 2+ (TE/L )an tileg (1og TEL, ~DL//D). (a7)

Lo
fal o WY Y &
—DBLOSS/7D = /05[\/2 =+ (Tz_/fo)a V)'f//og (/ojT 1, *DL//(Q]G?
Note that BLDSS//D / / 7——'2[ 'DL//O) (/oo)
/OD @—2/_‘[ )C(V\i 05( 03
/D-DE’/—DSS//D \/2 (TZ/L)QV,{. 037—2I "DL//O) (re/)
- ( -vsLacs//o v) e 7,_2.[0 - DL//D (/02)
/03 /—DbLos.s//D \/ —— DL//O ) /_ei' ']7’[—2' - T (/03)
% DBLISS/J0_ | /2 Crow)
Now DL = — 10 leao = LS

as given by the expression in the program. Aote tl"‘lf This denomi-
hq‘f“or' S L\o»((&{ be CL\Mae@{ _t_a T2 7Lo agr‘ee_ W TLL\ 7LL\e
pre ceolfng e guation.

Equation (23) of Spofford et al.(1982) for the dissipation loss

in the sediment can be rewritten in terms of frequency FK in kHz, SI16 =0,

AMU #ANU =)), ALPHP = °<o=ko, and GAM =X as expressed in the program as

in O
DL | 26 bf_c?.,a_(s;naa- s.__a>
fe  u(14B) cos 02| 2705 =
ye e
J(pga(e - sneena)
:*( Y (» ,(,O +2-BY))C)S,,,\9 i Y (VY ) @7
20 cos ©, 240
Sih@a 2C2
( 592 Be)a (l-[—B)CoS 62 g (/0J~)



!
where9=0,6;=90 the grazing angle of the ray in the layer with the top of
1 o
the sediment,X“— ko the gradient of the absorption coefficient and Xo= ko

So]v1ng forCK; we obta1n as in the subrputine .
C£ .S/V) 6
Si n@

Yc’- —,39( 1+8)60592IZO"¢:0555 (
+
40 cos* &, (691 ’L‘s'“%cb’%

;;(g’-uhz_s[ )5,.,5 g BE’(P u) &, J;]

20 cos &, 2 - ’)
9o ( 1+B)cos Sthn 766
X( 2 Co ))(.:osq +392) (

which is the equation for the dissipation constant at the top of the sediment.

For this computation, it is assumed that the speed, ,CZ’ and ang'le,@z are
the same in the layer and at the top of the sediment. Also, note that Fk is
the center frequency of a one-octave frequency band used for processing
measured data.

RETURN

END (of SUBROUTINE GEQPHYS)

GO TO 499.

499 CALL CANGLE

SUBROUTINE CANGLE

D1=2ZB-ZR-ZS is twice the effective depth, D, given by‘equation (10) of

Spofford et al.(1982).

CALCULATE SEDIMENT THICKNESS
B = beta
Czp = 2000
Sound speed at the top of the sediment is assumed to be Co . The equation

for one-way travel time in the sediment is needed. The necessary equation

can be derived by assuming the sound is propagating downward in the Z direction.

By definition ) By jz Sie (/o?/
- dz wel _
d,t C(Z) a . (/0%)
- az .
Z‘f o2 C(2) (/09)
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The sound speed gradient in the sediment is given by the model as

cde _ G c
- i+(BI;Q2' | Pnes)
let 0= gol 14 g)c-Z o "
dz= .LCL(L&))Z_ N (C"GB_J.)AC o g
. _L_az'(Z),*cB+ ;Cg_ 0(.C, [//3)
& o= =
¢ Clz) (1tv)
t= #jc“)( 1+8 S2)dle = a'r[c + BRG Q«CJCZ )
r= ‘L[C(z)"‘BCZ]W C(z) ‘CZ‘BCZInCzjl 229,
t~-l—[c‘(z)~c‘2 rBoh 2] | Crred
: a[C (2 / + B/ C(Z)] ) (//7)
G >

ts shomail (52-1) +B) e (15)

This is the one-way travel time for sound in the sediment and is equation (3)

in "DOCUMENTATION OF BOTTOM LOSS UPGRADE PARAMETERS." This equation cannot

be solved in closed form for depth of sediment BZ=z so we will find C(z) at
the bottom of the sediment (basement depth) by use of Newton's method of

approximating a root and use C(z) to find z. From the last equation

a. (hBt = CE | 1 BMCE@-BInG , (71%)

2
Cdo( HBE = C(2)-C +BG InClz)-BGInG ,  (120)

Co[a0 (1#BE + =BG | = C (2) +EG In C(Z—).. (121)

Thus, in the subroutine we find

)
A=zClgo( 4B LI-BInG ] (122)

as on the Teft side of the previous equation.

The formula for Newton's method is

Ay = A - £(A
f

7"(1 where £] is an approximation and /Q,is an improved ( 12‘5)
A) : .

value. Let A = CZP and A, = CZ, then

CZ = CZP - f(CZP) where . (p_q)
fI{CIP)
£(CZP) = A-CIP-BC 1n CZP  and (as )

£liczey = -1 - BCz gives the result

CZP Q 10 )
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" CZ =CZP + (A-CZP-BGo1nCZP)

czp

as in the subroutine. Starting with CZP = 2000 as a first a'pproximation,
iterations continue until convergence is completed. This is chosen to occur
(as in the subroutine)

IF[cz-czpl<.01 , let

CZP = CZ = C(z).

From the formula g = d€ = g,(14B)C (128)
dz C + B

we find Z by integration to be

=§dz ¢129)

CZ c48C2 dC 26)
Z=§ 90(H—8>C2 . ¢
, ez .
Z=€Z:@é (C48Q)JC, (13
Ca
| C?.. CZ ) ((32)
Zzﬁb(wBCa[T’LBCZC]CZ y

{ [(cz) ,28Gcz G _2BE ] (33)
TR = g 2/, |

[@z)ﬁlagcz +B”'C§ Eaarl des 325_7 (’5"‘

% ° ( H—B>C2

o BE e s 7°(:+zs)ca_[((”362)2 <( '+3)2] (135)

as in the subroutine, gives the sediment thickness.
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COMPUTE REFINED CRITICAL ANGLE THRC = /4
CALL TOTCRIT

SUBROUTINE TOTCRIT

Check that C.3<C2.

This insures that if total internal reflection occurs, it will be from the top
of the (high speed) layer and the layer is distinct from the sediment beneath.
1F (C3<C2) GO TO 1@ (where angle is computed)
Print format "“C3 MUST BE LESS THAN OR EQUAL TO cC2"
COMPUTE TIR = ANGLE OF TOTAL INTERNAL REFLECTION

TIR = 8
If C2eCl GO TO 100. 1In this case TIR is not calculated. For total internal
reflection, it is required that C2>C}.
TIR = cos™! %i (36)
from Snell's law when refracted 'ray angle = 0.
100 CONTINUE.

COMPUTE THC = CRITICAL ANGLE (CAUSTIC).

This is done by an iterative procedure. Start with definitions as follows:

P12 = Tr/2 ' € 1573

DELT = /120 (r38) (139

D1 =22B-ZR-26= 2T, twice avemge clepth ot water helow seurce
on~d receiver '

D2 = 2C1 B ([‘{‘O)

o 1+ B)
FAC = C3/¢y i ' [l’-ll}
H3 = cos™! -5—31— THRC = Cos —z- Orc = O3 | (142)
as in figure S,

Cmu.s..'fl.\t.- Yd?/
water
Loavyer AN 74

e
Ca

Fraure U Awgles Lor The couwslic ray are Jlus b rates.
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For the first approximation use Orc = W/4-.

An approximate range is found by using @rc and 93 in the range equation found

by combining equations (16) and (21) of Spofford et al. 1982).
R= Dl + 2BCatan@, ( )
TamBpr, 9o ( 1+3) S'“%C 2B (143)

Here the lower limit in the e7uut ioﬁ s zevro,

R=_ Dl + D2 tan 93[1+(1+ ] (14
tam Bre Sm&_;fos@ (=

MINIMIZE EXPRESSION FOR RANGE BY CONJUGATE DIRECTIONS.

The range is varied by incrementing the angle Orc by delt = 1-1;'(‘(') radian:

AUX = @rc + TT (145)

oD
It is assumed the incremented angle AUX is between % and the angle of total

internal reflection.

IF (AUX > ) GO TO 509.

IF (AUX < TIR) GO TO 5@9.
The angle 93 is recomputed in terms of the incremented value of 8rc and a
new range RAUX is éomputed by the same formula that gives R above. If the
new range, RAUX, is less than the old one, R, the procedure is repeated until
the new one, RAUX, becomes greater than the old one, R. When this occurs,
the increment delt is change to -E"_gﬂ' and the process repeats until conver-
gence occurs, i.e. IF ] delt' <1X 10-4. The idea of this iterative .process

can be illustrated by figure 10 shown here adapted from figure 8.b. of

Spofford et al.(1982).
e

&l-- - - - --

(4

|
|
1

{
min Value= R, R

Frqure 10. Ilustratiow of tin{imum value o'Frqvujeza'f‘ i‘Le
coustic awngle.
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. The angle 0 is desired. We find the angle by varying the range R as a

function of angle © until R is a minimum. When this occurs, e=ec the caustic
angle. If convergence does not occur, the procedure is stoppéd, and the
statement "CRITICAL ANGLE FAILED TO CONVERGE" is printed.

BOTTOM ANGLE OF REFRACTED RAY AT CRITICAL ANGLE

1
THC = tan Dl = 0. is found from the range and twice the effective depth (/VG:)

R
as shown in figure 11. This is the observed angle of the caustic ray as illus-
trated. = R ——
)
D D|=2T

water
sound speed C) =) (=)

?c/ = ( 'y

cRD
ChHux

FIGURE 11. TILLUSTRATION OF CAUSTIC RAY PATH AND ANGLES
The speed at the greatest depth in the sediment reached by the basement grazing

ray found from the formula for the sound speed profile as a function of the

depth assumed by the model is

(B = V2g0(1+3)c382 £ o (148)°  -BCs (147)

=]
THIB = cos %l = elB’ the grazing angle in the water for the basement grezing (/yg;>
B .

ray is found from Snell's law.

RETURN

END (of SUBROUTINE TOTCRIT)

We now continue with SUBROUTINE CANGLE

COMPUTE CRITICAL RAY DEPTH CRD

From Snell's law, the speed at the greatest depth of the caustic ray is

CAUX = €, ( 1447)

©
CoS PE
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We previously found the equation for BZ the sediment thickness as a function
of CZ the sound speed at the corresponding depth. Now let's use the same
equation with BZ = CRD, CZ = CAUX and Gp = (3 the sound speed at the top

of the sediment so CRD = 5~ (HB)C [(CZ "'B%)z ( HB)Z_] (756)

as given in SUBROUTINE CANGLE and illustrated in figure 11.

CALCULATE VELOCITY, VELOCITY GRADIENT, AND ATTENUATION CONSTANT AT DEPTH
OF 500 METERS.
Setting depth in sediment Z = 500 meters and using the formula for the assumed

sound speed profile we find the speed in the sediment at depth 500 meters to be

BSPD = [2 T, ( I+B)(Cs)($_bo) + C2(14B)_7 B& C/5))

where C3 is sound speed at the top of the sediment. The sound speed gradient

at 500 meters depth in the sediment is, from the assumed sound speed gradient

equation, )

 Fo( 1+BICZ
BGRAD = 5= 4 B 3 [152)
The sound absorption coefficient is found to be

;

= K=K, +k_ Z -
ALBOT = K ° 5 //,5 3)

= +Y(500)

COMPUTE TWO WAY TRAVEL TIME IN SECONDS
TWTT = 2T
SPRAT = C2/Cy
COMPUTE BASEMENT CRITICAL ANGLES THIB, TH3B
Sound speed in the sediment at the basement level is found from the sound speed

profile equation

cB8=V280(1+B)G(Bz) + ( +BRCE -BG (15Y)
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Soq_tce R/?_
)Bg
D=4D|
) W ater
8[3 98 C|
Beoffvim
Cs
3! Sediwment
Basemen t 5E 8

Figure | 2. Lilustratow of Aasemen{:gmziwg rey palh,.

For a refracted ray with its vertex at the basement as shown in figure 12,

Snell's law gives

cos©g= S (1s%)
Cg
©ip= cos! EL . (/5%)

which is the largest bottom grazing angle for a ray which is refracted above

the basement, awdl Y 7)
-~ Cx /S
935 = Cos <5 ¢

In terms of these angles the range equation becomes

DI 2BC3lanBsn ! ( Ozs 4 )

- + = A

i Taw 815 @o ( |+B> ’ i 28 ’ + S;h935C05838 S -
as in SUBROUTINE CANGLE.

COMPUTE SMALLEST APPARENT ANGLE FOR BASEMENT REFLECTION.

From the value of R found last
St -
93: {:av\ DR, (/59)
as shown in figure 12. If the angle is larger than this, there will be a

reflection from the basement.

CHANGE RADIANS TO DEGREES
@5 = 9% x |&Cqr |
= T_. R x 18'0/77" = avsgfe d‘? fofal ,‘v\‘f‘ernq,f reFleff,ov.
i / IZO/TT‘ s “PP“"Q“-/»C“‘*S‘L'\C "\Wj('t inthe waleral the betin
gl " @c 3 = ustic ra grazing angle in the waterat the Joo L o
A2 Ope X 18O/ =62 y

' ngle in the waler
0/ 1T = Somallest boltom grazing ang
/Q_; = 918 X lé’/ .;:.o: RIS the basementl,
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PRINT QUT CRITICAL ANGLES
.Format "CRITICAL ANGLES" - - -
RETURN
END (of subroutine CANGLE). We go back to main program and
PRINT GEO-PARAMETERS in Format "GEQO-PARAMETERS" - - -
CALL ROUTINES FOR FREQUENCY--INDEPENDENT INTERMEDIATE VARIABLE
The subroutines REFL, REFR, and BASE are useg to compute quantities needed
in the bottom loss subroutine,LOSS. CALL REFL
SUBROUTINE REFL
NSAP = smallest angle to reach surface due to sound profile.
COMPUTE NSAP
NSAP = 1 is defined.
IF (CL>CS) go to 100.
For a ray path as shown in figure J3
. Seurce ——————\——>\Cs

(orreceW%r)ﬁf e

Sur face -~ Wa fer-

\
Boltom sl (\ a9,

Figuve 13. Dflustration of ray path wilh
Svnallest angle SAP
oa.ray may be horizontal at the source and have a bottom grazing angle SAP

[ v itiveg

where Snell's law gives

Cs _ Cy E e
) T Cos SAP =

SAP = Cos‘[%-‘; 1f C, 2 Csg this calculation will be skipped--the angle /¢ )Y

is unrealistic.

NSAP = SAP + 1 is redefined.

SAP is printed in format "SMALLEST ANGLE TO REACH SURFACE." - - -
COMPUTE REFLECTION COEFFICIENTS FOR ANGLES GREATER THAN TIR, SAP
NTIR = TIR + 1 angle in degrees.

N = MAXe (NTIR,NSAP) says pick the largest of the angles expressed as integers

in degrees.
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1 =p,C)

These are constants to be used in computing impedances
12=p202

needed to find reflection coefficients.
Z3=p3(3

DELT = 7m/,gp is used to convert angle in degrees to radians and as an increment

in angle for a one degree change.

TH = (NSAP-1)m/1g0= @ is angle equal to SAP.

FAC 2 = C2/Cy

FAC 3 = C3/Cy These are speed ratios.

FAC S = C./Cy

AR = 2ZR/CS = twice travel time from receiver tovsurface.
AS = 27S/CS = twice travel time from source to surface.

D1 = 2D = twice average distance from source and receiver to bottom.

DO 200 1 = NSAP, 90 and IF (I<N) GO TO 2@ insure the following calculations
are performed for angles varying by steps of 1 degree:

For angles greater than the larger of TIR,SAP Surface Scattering Travel Time
Differences, SINZ, Reflection Coefficients, Travel Time, and Geometric Inten-
sity are computed. If SAPKTIR, for each step from SAP to TIR Surface
Scattering Travel Time Differences only are computed because total internal
reflection occurs in this range of angles, so the reflection coefficient is
unity and special calculations of the other quantities are not applicable.
For each step from TIR to 90 all quantities are calculated.

SURFACE SCATTERING TRAVEL TIME DIFFERENCES

The sine of the angle made by the ray at the source is found from Snell's law

coso, = g_s] cos9, and the identity (f(. Z)
2. .2
sin 95 = 1 = ¢os QS

=1 ey = 2 20
S = sine, \[1 ] (Eg» )
Cy

where §is the bottom grazing angle. (((,3)
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Travel time difference can be found as illustrated by the following figure.
(meae - 2255:mBg
M
s

-\“‘-\.
e

Seurct %

~~ (JImasge
Figure 4 aottm»\ re'F}ec'f‘ea/ own {7' awd surface ]
Scatlteres! path odfference,

Two different paths are designated K,1 and K,2. The assumption is made that
the bottom grazing angle is approximately the same for the two paths. Then
the surface reflected path, K,2, will be longer than the path K,1 by approxi-
mately 2ZS sin©. and the travel time difference is

2(32)sin6s which is (rew)
T\;DTS(I): @5X5>: Z.S'/CS)V Cs CDS@/ ' [l(sg)

' Interchanging source and receiver in Figure 14 yields
- i (-
ROTR(I) = 2. (ZR/Cs)v | = (%579 o8, . | (e

RSIN2(I) = sin@z the grazing angle in the high speed layer by a procedure

similar to the one which yields S above.

REFLEELTION COEFEICIENTS
-
A :Zl/s.‘ne, = f_'_C_é_ _ {162
sin IC These are the acoustic impedances (168)
Aa‘-zz/ﬁswa(r):f%-—z— - T
sinEy of the water, layer, and sediment.( (<,q>
_—_Z3A;y\93 = PaCs
. .Siw@;

RV32(1)
These are reflection coefficients for the boundaries designated.
RV21(1)
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cos@ . L . /
RGI(I) = 'ZR‘_‘L T RfcosB,  slant rmange 070)

is the factor for spherical spreading which represents decrease of amplitude

with range.

RETURN

END (of SUBROUTINE REFL) (Go back to main program.)

CALL REFR

SUBROUTINE REFR

NTIR = TIR+l gives angle in degrees.
NTHC = THC+1 Caustic angle + 1 degree.
N = NTHC - NTIR integer giving difference between the caustic angle and

angle of total internal reflection in degrees.
DEL =17/180 is an increment of 1 degree expressed in radians.

TH is the caustic grazing angle-expressed in radians = @rc.

Z

22-7 factors used to compute reflection and transmission coefficients.
3 )

" FALZ
FAC3 sound speed ratios
FACS
SEST = Brc
Starting estimates of small and big angles.
BEST = 8rc¢

D1 through D14 are factors to be used in computation of geometric amp]itude
and other quantities to follow. They are expressed in terms of the same
quantities used before, e.g. in SUBROQUTINE GCOMP and GEOPHYS.

DO 1P 1=1,90 sets the array for transmission coefficients = 0.

DO 1pP I=1,N and

J = NTHC-1 insures computation is done for each integer angle between caustic

angle and angle of total internal reflection.
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R = D1/tanTH gives the range not including that portion required for refraction

in the bottom.

CALL REFRANG

SUBROUTINE REFRANG

IF TH>TIR go to 100. Otherwise print

"SPECULAR ANGLE OF REFRACTED RAY LESS THAN TIR"

and stop computation.

D1 = 2D
P12 =1r/2
D2 = 2C3B/g (1+8)
D3 - 1
B
_FAC3 = C3/Cl
R = Dl/tanTH
~1(Ss (SEST>;93 %
T3 = ¢coS (-Z-/- cos gives (by Snell's law) angle in sediment for .‘7')
bottom grazing angle SEST. = (!.72>
: i) 2G5 ( / 3 >
VAL = €2 4 z;av169 | #== | =5 =
T SEST T g, (148) 3 2B SinBzcosbs
VAL = R' - R as shown in Figure 15, the difference between a computed range
from estimated angles and the actual range. R o
<& R > _ _1 __ surface

—— __\._. )
D
water

SEST /' £/

NgB12T3 L oo fractest imsediment

Fyure 15, T he revwae ag FCOJ*‘\’( Fro~ estFiwma ZLea{ ang ;es
awd the actual rawnge.

DEL = SEST-TIR is angle increment.
10.0001




The angles SA and BA correspond to rays a and b for range R2 shown in Figure

e
COMPUTE SA

DO and 1F statements start an iterative procedure which var;es SEST and 65%;
by + or - increments until ]DEL1<1X16d6 while insuring TIR&SA%6rc. When
convergence is completed, the error VAL between R! and R will be very small
and the smallest bottom grazing angle SA for which a ray refracted in the
sediment can travel from source to receiver is found. If convergence does
not occur after 500 iterations, the statement is printed "SMALL BOTTOM
REFRACTION ANGLE DOES NOT CONVERGE," and the procedure stops.

SA3=T3 gives the angle of the ray at the top of the sediment corresponding
to the bottom grazing angle SA.

BA INITIALIZATION

T3 ==6%= coglgg cos BEST is the angle at the top of the sediment for bottom
grazing angle éEST (with initial value 6rc).

VAL has the same significance as in COMPUTE SA with SEST replaced by BEST.

. COMPUTE BA

DO and IF statements generate an iterative procedure which varies BEST and 633
by + or - increments as needed until IDELI<:I.ch; .

while insuring <SA< BAL By -

The procedure is similar to the one for COMPUTE SA. Upon convergence the
biggest bottom grazing angle BA for which a ray refracted in the sediment

can travel from source to receiver is found. If convergence does not occur
after 500 iterations, the statement is printed "LARGE BOTTOM REFRACTION ANGLE
DOES NOT CONVERGE," and computation stops. .

BA3=T3= Eégives the angle of the ray at the top of the sediment corresponding
to the bottom grazing angle BA.

RETURN

END (of subroutine REFRANG). Now we go back to SUBROUTINE REFR.
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IF (BA>THIB) go to 998. THIB=co§lEL so for BA>THIB the ray hits the ba;g;Z;i?
Ca

Otherwise, compute the sines of érazing angles BA and corresponding angles for
the same ray in the layer and sediment. .8
BC1 = cosBA (174)
BS1 = sinBA =V}-cosa,‘519ﬁ (178)
BC2 = %zcosBA (Snell's law) (17¢)

|
BS2 = \/ 1-(BC2)2 = sin 52 (in layer) (—{77)
BC3=%8C( = %cos BA = cos B3 ((‘(:?)
BS3 = sin f%%(in sediment)

BIG ANGLE REFLECTION COEFFICIENT

Ay=Z,/sinBA (1%0)

AZ = Zz/sn‘hea Acoustic impedances used to compute reflection coefficients. ((&I,\
Ag23/sins . ((82)
BV32(J) = (A3-A2)/(A3+A2) Big angle reflection coefficients for bou(/n%r?izzs
BV21(J) = (A2-A1)(A2+Al) designated by the subscripts. | (1%4)
. Big angle transmission coefficient factor (two-way)

LTRE= léAlﬁ’g( Az )2 (18s)

(As+A2)(Ao+Ay)
gimilar to the one in Subroutine GEQPHYS.
BSIN2(J) = sin©y  (in layer) ' - (1%6)

GEOMETRIC AMPLITUDE

The geometric spreading loss factor, equation (38) of Spofford et al.(1982) is

hi |

T Rtmeblgg/a;eb : s g (187)

We are dealing with the amplitude or pressure ratio so let

BéI(J):ﬂ\/ ’ = B s (15%)

e [25
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We need the derivative dR . Taking the range formula from Subroutine GCOMP or

BA
equations (16) and (21) ofS Fﬁ'ofef-/ ‘m'zh appropriate substitutions of angles
Giies & = I L B tan@ -A 184
g, 5 2 3 | | ( )
/
ad R Dl F
46, " 58, T 3, [dg Lan O3 *F_zsec @3 ] (%)
e - gl d& (/97.)
d8, 7 A6, 66
From Snell's law ¢ o0s B, = ____ <-os.63 " awel - differentiating gives(7¢3)
= = e g
Sl\ﬂel— C3 S:V\93 dgs’ S (/4@/}
ABz _ ¢, sinB) . Fues
ol Fy 1 AP (Sr‘me_;-Ca.sZQs) _g}_)smg, (19¢
B,  2BsinbBrcosE 3lsimBzcos &3 Sin O3
R{ D) F (2518 ‘ +.5(Siv\293-£o.s 53> ¢ s
_ L S l 3= 3 =
i@, B " Sin%8, " 3o ?25C1sm6_;c9529[ 5inBscosOs

F C.:?, ,SlV\@'
2 ¢, s.n@_gcos%

g = -cus@_?
drR = 35,n9 J+@i:“n;3cosezJ(
A8, sy\é) e -y g ‘C 511 O3ces=6s3

/ ! o

<+

: o Fa
4R __ DI Cisin€l ) (19%)
5, - sincB ﬂo Cisin&cos”

X [! | Bs(2cos 93;’)— L &3 >
2

B " 28 s nCsesSs 25 26 585 = Bscon

C}SIV\ S
Eo{(g S:Dh‘ (23) C,Si n@ cos 9_; ( 200

=K
E1cofO Es B+[) + —
X[.) 52'\'\35_7, c:::@i +5M93C0593 4.(2 ) SinGscosOs
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- F C& th
:_ Sin 9,+ Bglo \/C Siné3j_%> [,Z,o/)

[( | +B) + S|Hesco$93(l~cos 9}]

AL, ~ ‘S-‘:zg, 5 Bﬁl—o— < S(n93c057-93[' +B 4'63'&'4”‘5{],(1 it
ol K : ]
= —D' + (H_'i) (Fl Czs V\Qj 293)() 1 Qliﬁ_}_ B&)} [263’

8 Qo C,SI'HB_;CDS

0(9, T Sin 9
Sqlosiitut|mﬁ i(/\e eXPreSSI'DVL 'Foy- F.l Sit/e.s
I+_ Qshnag

d R D \“ B)ggc;){ CzsinB, ( >(Z(
_o—*(—a :—sinIQ’ * g (I+B Clsw\@_;co:ze_z,) | + B

ol v\a( Sd‘osi‘»‘tut\ V\j 1 v tlﬂe ﬁciors

'Da_-z—cq—}z;— y D =(H'B)9;Bﬁsin9,: BS/)
C, 90
Sinby= BS3, cos &= BC3,E; = BA3, Tanss = lawnBhAz (¢

gives lhe egualion

D D2sin BA (“_ BA3tan BA3 ) (z2e7

DRYT = —5Z 8 A “sin BA3 cos?BA3 D7

wc inw the SuBrROUTINEG REFR.
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This is the derivative of the range with respect to the bottom grazing angle
evaluated at the Big Angle in the water. With this derivative DRDT we com-
pute BGI(J) as in the subroutine for the Big Angle.

ARC LENGTH
Our model assumes that loss mechanisms in sediments behave linearly, e.g. loss

L=K. S. f by equation (13) of Spofford et al.(1982), or in terms

of symbols used in our program DL = aoSFK, so in the program it is assumed
the frequency averaged or effective value of the sound path, ARC LENGTH, in

the sediment is given by

S = _ DL where DL is dissipation loss in the sediment given by ()_o,g)
GO]

equation (23) of Spofford et al.(1982), or as shown in Subroutine GEQPHYS, ac

is the average value of attenuation constant for this path length, and Fy

denotes the center frequency of a one-octave measured bandwidth. Thus, let

BLS = _ DL and in terms of the equation for DL with lower limit ©!=0, upper 20‘?)
“aof,.
Timit oO-o? and the factors from this subroutine, D8 through D14, we get
3 2 3
BLs - 2€a " Yor <.s;n 83)_ (BY C5 +2¥VC3) sin B3

< (1+B)cosBy| 69 \cosB3 40 cos O3z
@i.n o3 . (X (v‘-M)+2ocoo-+23ycsb‘) Sin B3
20 ¢cos?0; cos &3

(BKC?*—ZYVC:%)QJ R (BI(D’--&) e 1 8)93] (2/6)

&g

40" cose &3
as in the subroutine statement for the ARC LENGTH

TRAVEL TIME
We need the total travel time of a path with bottom grazing angle BA (Big

Angle). We first find the travel time in the sediment. By definition C(2) =
d

w

where S is an element of path length. The vertical component of dS is

Qo
o+

a.
N
"

sin® dS so dS = dz/sin®, and, noting that © = ©(z), we have

dee dS =z from which (27)
cl{z) C(z}sinB(z)

- ng dz_ . ¢ agz]

5 clz) sinBcz)
This is equation (19) of Spofford et al.(1982) where z represents the turning

point depth or basement depth for rays which reflect from the basement.
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Snell's law gives C(z) = c, cos8(z) where ¢, is he sound speed at the top <13/5)
: cosf,

of the sediment and g, is the angle at the top of the sediment. Differen-

tiate this with respect to z.

Lmegzcg&0£?=62%9® C219)
! S o de
Y- .3(2)@;90 2—2‘ C2msd
1s = - Lo 3"' (aite)
= af g(z) C(z) cos 90
- BCa : £207)
Ts = - Cos&ojﬁ glz) c(z)
- ___ECob(e' d06 {218)
S T CesBo 9.( 1+B)Co >
' ;, ) + ‘BGC(>
= -2 (C(2)+BG)dE
N 209
TS Coseoj 30( I+ B)C(z) ( )
o 9’
's = 9o ( 1+B)cosCo cCZ)
0

T, z-_2 T =) 6 e,
S == ao({+B> Coseo CDS

/

o (222
_ 2 [_& + B I (sece+ﬁlw9)] L
Ts ==

o (1+B) | cos8e s
Using a fh‘g fo(entfi‘/ awd jnlereharging the limits gives

G = Ba
&
_ 2_ ‘ Ces
== 30(1+5)[C"5‘90 HE h< Bl §
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This is equation (22) of Spofford et al.(1982). The time for travel in

the water is the slant range divided by the sound speed in the water, i.e.

D1/CysinBA. Adding this to Ts where we substitute 9/=0 for a path refracted

in the sediment, &= BAB ) anol sinBAh - BS/ y:’elds

_ _DI BA3 Cos BA3 )J : il
7= 7,851 *qo(ms) cos BA3 fB’"(l—s;nBﬁs =0

(059 .-\6
e (/_Smeeo CC =L 14 3s3]
+-. D, 2B ___ [ _BAS __ 4+ )
he <'| 55! 3o(l+B)[Bco.s BA3 g " 1—853

B BA3 1+ BS3 rr(r) (225)
T= c.BSI 5,(»+3[’52'(3c3> +—IH(I-3;B}§ )] B7
s
BT()= 25 & D[ In(4585) + & 'é:c'a‘?] (22¢)

which is the expression for the travel time in Subroutine REFR.

DELTA T SOURCE RECEIVER (for Big Ang]el

227
BSS = l* Z;BCOZ | ~ cos” & Snell's law wgth )
[
BCl = cos BA yields CS cosBA = cos@s so (22 5’)
5]
BSS = sin Os where @s is ray angle at source (or receiver) (ZQCf)

. BDTR(J) = D6(ZR)sin@s = Z(B) sinBs is the travel time difference for the (2 30)
) cs

Big Angle path from source to bottom to surface to receiver.

Similarly BDTS(J) = 2 <Z§) sin@s is the travel time difference for the Big (ZB’I)
cs

Angle path from source to surface to bottom to receiver.

We want to deal with rays not hitting the basement - refracted in sediment only,

so the statement IF SADTHIB(=cos™/ C,) go to 999 stops computation. Sound (232)

Cs
speed in sediment at basement level is CB and THIB is the bottom grazing

angle of the refracted ray which reaches the bottom of sediment at basement

level.

AUX = FACS*SC1 (233)
:QcosSA:cosOs where 0s is angle at source (or receiver) for a ray (23L/)

with bot%om grazing angle SA.
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IF RAY DOES NOT REACH SURFACE NOT COMPUTED

IF AUX>1 go to 999 stops computation if cos9s)1 which is not physically

realistic.

DELTA T SOQURCE RECEIVER (for Small Angle)

sss = |} 1-(AUX)® = sinBs for bottom grazing angle SA. _ (235)
SDTR(J) = 2 Z_R) sinBs Travel time difference for indirect path for (z3¢
SDTS(J) = 2 %__g sinBs } surface reflections at receiver and source.(237,
Use of Sne11'§51aw and trig identity is made to define the following:

ss1 = |[1-(s€1)® = sin sA (238)

SC2 = %—;_ cosShH = cos @_ where 911'5 the angle in the layer for ray with (239;

!
bottom grazing angle SA,

2 y
ss2 = \l1-(sc2)® = s1n%, ' o
53 = EE(SU) = C3cagSA = c0393 where®) is angle at top of sediment for bottom (zv.
(o ci
grazing angle SA, S
) e
SS3=\5/—(SC3)?'= W— cosfB, =5in O (2v2)
SMALL ANGLE REFLECTION COEFFICIENT
A, = 2,/5twSH Impedances corresponding to Small
122/ 3 (243 )
A= Za /s in C2 Angle ray.
Sv22(3) = (A2-A2)/(A3+A2) Reflection coeffic{ents for boundaries
SV2)(J) = (A2-A7)/(A2+A}) designated by subscripts. (zw{)
STRF(J) = 16A|Az Aa 2. Two-way travel layer transm{ssion
(Az+Ay ) (Ao+As) _
coefficient factor. (24} )
SSIN2 = sin®, for small angle ray. (2/¢)

GEOMETRIC AMPLITUDE (for Small Angle)
DRDT - same as DRDT for Big Angle case with BA,BA3 changed to SA,SA3 etc.
This is the derivative of the range with respect to the bottom grazing angle

evaluated at SA.

42



P
SGI(M:\[R s?:-’;gfd 5 - T the pressure ratio (2*/2)
a84

This is the geometric spreading loss factor.

for the Small Angle path.

ARC LENGTH
SLS(J) is the same as BLS(J) with angles changed to those appropriate to the
Small Angle path.

TRAVEL TIME

ST(J) is the same as BT(J) with angles changed to those appropriate to the

Small Angle case.

999 TH=TH-DEL increments the angle. The computations are made in steps of
1 degree for all applicable angles.

RETURN

END (of Subroutine REFR) (Go back to the main program.) CALL BASE
SUBROUTINE BASE

The statements NTIR, DEL, TH, N=90-MAX8(N,NTIR), and DO 10 I=1,90 cause calcu-
lations to be made in steps of 1 degree for angles from the angle of total
internal reflection or the apparent bottom angle for a ray vertexing at the
bottom of the sediment, whichever is larger, to 90°. This insures reflec-

tions at the basement are accounted for. The Z's and FAC's are the same as

used before. :
i - V2 3. (1+BYC3)Bz + CS(1+B)° - BC3 (24%)

gives the sound speed in the sediment at the basement level.

D1 through D14 are factors used later.

BSA =m/o - X10°C (used in Subroutine BASANG) (2v¢9)

TH3 =cas-%c059,8=93 is angle at top of sediment corresponding to bottom (/_ §o)
grazing angle e%g for a ray which reaches the bottom of the sediment.

R is the range for a ray refracted in the sediment with vertex at the basement.

This expression is found by substitutingBs=Cy,&'=0into the equation for Rs

giving
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€3 iv ©
a ()+B)CDSBS[ 63 + S v 3[’4‘23)]

[ = sin 8 + ZZESSi’1cai}
[

~
w
1

C0593

o .

Cz [934_ _.5.4'_%2._@.3 ;Bs:‘nZ%J

90(:+B)cos<93
+s;»\293(—21-+3)(—%)] (250

Go (14 B)cos &3

s

80( I+8)C05 3[

_ p1___ . D3> [B3,(p25+B)s; 29] (252)
R— tqv\ 9{8 +C052§3[2 +( 7) " 3 ‘

AUX = tan -1 D1 This is the apparent angle for a ray tangent at the bottom (24;3)
R

of the sediment as shown in Figure 16.

) Aux

Ou\

/S ~
Seoliment = ~ .
_Rasewent > ~

B
Figure 6. I'f/ustratliom ©F the basement ~
grazing ray path.

DO 10 1=1,90

R

5 water

BSS/N2(1)=0.0

BSv32(I) =0.0 Prcgram modified by addition of these

BSv21(I) =0.0 statements to insure completion of a run.

BSGI(I) =0.0

10 BSTRF(1)=0 clears registers
DO 100 I = l,N}_ orders computations for angles in the
J=90-1 range mentioned.

TH=TH-DEL increments angles
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CALL BASANG

SUBROUTINE BASANG

IF TH>TIR GO TO 100 allows computations to proceed for angles greater than TIR.
Otherwise print "SPECULAR ANGLE OF BASEMENT RAY LESS THAN TIR" and computation
stops. CB is same as in Subroutine BASE--sound speed at basement level of
sediment. The next several factors are like ones used before.

BEST = BSA is estimate of basement reflected ray angle in water.
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AUX = cosBSA ' - (zJ“/)
“THB = cos '( CB8)cosBSA = =Bangle of ray at basement. (28s)
TH3=cos™! (’Zé,') e 35'9"9_3 angle of ray at top of sediment. (25¢)

Now find the range in terms of&gand %as limits from previous equations for

R and Rs.

- Ca S s;wBs cos ER +2Bsin® _
Ei 3«:( I+ B)cos B [6059.5 Ty Sz * <2‘S7)

_5,3_42.5.59__@.1 ZBS}MQQJ w here
cos% cos ’

e,,: 2 O.V\a{ @':93

- B 93“95 SinBs Ca:ﬁg—‘&'hQBCosBB -

>" cos?@3| cos B3 - 2 (2§ 8>

B_%%— cos BSA (S:‘V\eg" Sc‘h.QBZ]

R = Do - Es i sin2Bs-siwl OB (259)
(‘3 wsasza 2 4
<y
+B(C3>COsBSA(sm93—SM 93)] T lis is
the second term in VAL. From the formula for R we see
VAL = - DlE N - Deg v O:-C¢ + 5:»«293—3)\«293 (ch)
A BESH C"’ ¢ os BSA) 2 4‘
!
+ BG cos 854 (sinBs-sin O8)] — Ty
<,

where TH is the apparent bottom angle. This VAL is similar to the one used

in SUBROUTINE REFRANG except basement reflection occurs. See Figure 15.

Now the IF and DO statements start iterations which adjust the angles to make

VAL approach zero until convergence is obtained when ’DEL} <1X10'6whereupon
BEST=BSA. If convergence does not occur, print "BASEMENT ANGLE DOES NOT CONVIRGE."

and stop computation.
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The basement reflected ray angle at the top of the sediment is

BSA3=TH3= 8_3 and BSA is the basement reflected ray angle in the water. We (26/)
use BSA and BSA3 in SUBROUTINE BASE.

RETURN

END (of subroutine BASANG) Go back to SUBROUTINE BASE.

IF (BSA3.EQ.0.0) GO TO 100-added to insure completion of run.

BC1 = cos BSA (2¢2)

BS1 = sin BSA (2¢3)

BC2 = C2 cos BSA = cos&p , B, is in the layer. (2c<)
Cl

BS2 = sinep_ in layer C ZKS)

BC3 = C3 cos BSA = c0593 . 93 is at top of sediment. ( 2¢c)
|

BS3 = sin©3 ( 2¢.7)

BCB = CB cos BSA = cosOg, Byis basement grazing angle in the sediment. (2¢8)
Ci

BSB = sinBe (2¢9)
DELTA T SOURCE RECEIVER

AUX = Cs cos BSA = cosBOs whereBs is angle at the source for the basement (270)
Ci

reflected ray.
IF RAY DOES NOT REACH SURFACE NOT COMPUTED.

IF AUX»1 go to 999 stops computation if cosBs> 1 which is not realistic

in nature.

5S =\f|—@u.x)?‘= V,-coszss =Sin6Os (7—7/)
BSDTR(J) = 2 cs)s in 65} Travel time differences for receiver
BSDTS(J) = 2 %2)5 inBg and source respectively. (2'71)
LAYER REFLECTION COEFFICIENTS

Ay = Z,/sinBSA Acoustic impedances, medium designated

A2 = Z,z/S;V\ 92

Ag—_z,/s:v‘ &3 by subscripts. (';_‘73)
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BSV32(J)=(Az-R,)/ (As+Ap) Reflection coefficients for (274)
.BSV21(J)=(A2;A,)/(Asz,) , boundaries designated by subscripts.
BSTRF(J) = 16 A\A3 / Az Z

(Rs+A2 )(Az+4;) ezt

This is a two-way layer transmission coefficient factor for basement reflected ray.
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BSSIN2(J) = sinOa, QZ is angle in layer. - (274)
GEOMETRIC AMPLITUDE
BSAB = cos‘l(cosOB) = Bg basement reflection angle in sediment at basement.

We now find the derivative of the range with respect to the bottom-grazing

angle, Ol.

. 2l DA = +t sinB O, -Sin os j (z77
R= law G +-2c05293[(93 % e % cos )

D : . &
———f——- SinECosB; —SinBgCos 3],
+C_os %[ 4 % [} 2 ! B

dR _ -=DlI . DA (-2)(~s i n Es) "‘—"')[63 Eg +SinlhcosOs

A6, sine 6| 2 coes?B3

- S?h@g Cos@g]
DA Hd6s  dBed8s /. 20 <26
* Coszeg a0, 8, ol B3 o B +(cosCh ) =y

58 &3
- (cos®Op=st ‘95)%(5'5491

g (2)sin& d ,Z)[ ,\49369593—5/'”95"9563]
cos 93 o e

d63 _ s O, 468 253
=) Wy CosBgces o7
65 93 [(”5 3 -3 3)49, w63 d O,

Snell's Taw: <052 _ c0os@ , Differentialing gives (r75)

CS <
= Sfipn OF d@é‘:_simel ,
AOBz _ Cz sin®:r | S';vv\(}ar/7>
—:(—’97 T C,sitn B3
AdBe  _ Q_E_S_"L_Q-é y awol qu;‘lffq‘t}wg these gives
== F bR

o O3
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dR
de,

dR
=1

:—-2_1___ 4._&_1’_‘.”93

5)'\'\29/ C05393

— SinBgceos 93]

C lhe
(szfh%)[ ~Bg + sin Gscos O3

+ DA C:sm@ _CBsinéz L . 25 Sm@_;
2(05293 C’s'"% C3sinBg
2 CBS.nQ_B
_(C.os Cg—sin 95) C3Sin"9.8

D,B(Z)Sny,@_i/cj Sin

C05393 kC;S:Vt%

Q/)[S inBycos B3~sinBpes 93]

‘ CgSmQ"
+ DB (C3 - %)[Cosze.;“s'" s -(cosebcoses)css‘“eﬁ

o,

cos 93 G| sin 63

+ S"i’\&BS’IanJ ,

(279)

. DRCz s:_q_@(;_'_v!__j_ ~8,4+SinBsCos B3
sln29, C sin®3 |cos =& %

—~ SinBpgcosBpg

sin B8

s .
:D&C_? S/He‘[z G_Bs/wg_g _/CB) Srn%_

T 2C] Slh@3

e sivG3 s;'v,ZQBJ
C3 s:nOg cosc O3

4

C3s5inEBg cos<Cs KC_g

e
C,S\h 93Co$‘93

605195 s ) V)Zgj
e
Ces 93

Ces 63

fD'BC3s v & [Zs, 93 - 252)9935)»1 S

Ces 93

CB s:n@_g cos©p . S,‘n&gs}n@a ’

(250)



_é_@_ I DACEI,SH\B S;n%
6 sin 9,+c,:.n63 cos 83 63‘68*'5"“@"‘93'3"168 (OSQ?]

L DhGsinBy o CBsinGs s Os =] in8
2.C) stw 83[2 C3$-H93 cos 93 :fé-se

__ng, sinb l-Sinf;SMQB _. Cs sinBOscos 6
C,smexcoss_g Cos O3 Cs Sin 65% :

(2&1)

dR _ D DRG sinB) (5.“93 ) , .
cl 6, N sincE, * C,s'tvs93 Cos™ 93)[ = 95\‘3-“93(0593‘34"’95C0583]

CBsinBz —(05253 __(CBA3 s:nB2a
2GsinBp| cos O3 C3/ 2sinB8

JDRG s .‘91[1
Cisin E3

_'_DB@SF»\@ [ | _sin® sm 9.8 Cg)
C)sinbBs tosB3 cos O3 ‘0393 <C.3 Sinéﬁ ’
(292)

CI.K_ - D\ C'Slh9 .Slh&.} y
" 91_ sih29’ C,s "9‘3 ,0605353 O;-Bpg + $inGces & >, +Sinfgcos Gy

(- :;:25)]

: B e
+ _DB "SIV\@M.’-(gB) CISQL
Cos Oz | Cos 93 coes &3 2 /) 3inO8

(z%3)

'*“‘




This is the expression in Subroutine Base for DRDT where the quantity inside
-braces is DRDT3, @, = BSA and other angles and their functions are as mentioned
above in discussing this subroutine.

R = Dl/tanTH gives the range in terms of TH.

cos Bi ! ) -
PR =\/Rm CHELS (25v)

is the geometric spreading loss factor.

ARC LENGTH

is found in a manner similar to that in Subroutine REFR but with use of 03

for the lower 1imit in equation (23) of Spofford et al.(1982) corresponding

to the basement reflection angle. This gives

BSLS = e 2 2C3 -ng (Sin'?@_; —5-'\4393)
Lo Fk ~ Xo90(1+B)cos B3 | 6T cos38;

BXCJ%ZK))C.;(SM@CQS Sy o 93>

40 605293
2
Y CS L Y4 FOK o0 +BVGY (SM@ - éz)
20 cos3Es 20 cos Sz
(5XC§' +2¥VC3 | BY (Pry) +Bic)(93-93)]
*\ 4o cos26; 2 o
TRAVEL TIME (2 s
is found as in Subroutine REFR with 8gsubstituted as the lower 1imit in the ¢ j
2 8¢
equation for TS, equation (22) of Spofford et al.(1982). ) - —}
Dl 2 sinBa-sinGp , ) Cos O3 —B,VI((—OS‘,‘—'B'—'~
L =C,S;'v\9, % 90( |+B) 603'63 o 5l [-sinB3 }—.Suv\ﬁ&ﬁ'

and by the identity mentioned in Subroutine REFR ]
| i B3 -5, 145imBaY )-sinbe
BSTI) = =22 +'D4[S 28 —sinfp | g In( X

sin B8, cos O3 |-s'mB3 A | +sivBpa

) (2¢7)
The computations in this subroutine are made in 1 dégree steos for all
applicable angles.

RETURN

END (of SUBROUTINE BASE) (Go back to main program.)
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SUBROUTINE LOSS (JJ)

Discussion. This suppliements section II1.C. Simulated Bottom Loss, as set

forth in Spofford et al.(1982).

Other subroutines provide for computations of travel time for base path,
angles, reflection and transmission coefficient factors, surface scattering

travel time differences, etc. which are needed in this subroutine.

For a base path travel time of TK,I the three other paths have travel times
Tka = Ty + (225/cs) simBs (28%)
Twyz =T + (22ZR/CS) sin s (28%)
Ti,4 =T, + (27—5/65) sin Bs +(2zZR/cs)sinbs (290)

The travel time differences are converted to phase shifts, and the paths
acquire additional phase shifts for surface reflections of .77, I, a~el 2271
radians respectively. The subroutine accounts for all these effects by

‘treating the surface scattering travel time interference "artifact" as a

separate factor.

It is assumed the frequency averaged intensity ratio is given by

- | R .
<_f; :ﬁj PP JF (25¢)
=

where

P represents the sound pressure and F is the frequency.

Ordinarily one assumes a superposition of waves results in zgessure ‘ (241
¢ > ¥ =i = 'S ,
P=Z A € %0 one would write ' Sl S (2 Vil K)( AL <
T w R L 2
) ! T - ' Tk, ]
but in this model it is assumed P= % AK?E N (193)

where some justification is by Spofford et al.(1982).
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I we include the frequency dependence in szi so this represents phase per
Cd

unit frequency we get B .
o '&L.J' = i¢x N F (299’}
p*p = %/—?fﬁxée e
s J

and

2 (D -F7)F
&) - S ArA S e TRTTRITHFE L (295)
W ReR ) TR
Now let <:AZ AK> be the frequency averaged products of amplitudes; they can be

factored out of the integral, and note F = = F for 1 octave bandwidth, so
<§ - r—' é <’4*Ak> éj‘ ’(CPXJ dz‘) FAdF , (296
’ l F, i@ “féff)ﬁz
I </?*/7’ = ¢ (Pri-@li)Fe_ ot i il |
— =l ‘ . (257
Io) Fi k] - k> J [ ' (¢K4’ - ¢z_3‘ 5 )

For paths in the sediment the phases are assumed to be complex and written

"

q@<=ljr(i+;dpsjwith t the time in the sediment (plus surface scattering travel (298

time difference), o{othe absorption coefficient, and S the effective path
length in the sediment. The exponential terms account for absorption in the
sediment. But for layer-reflected paths it is assumed there is no absoption
and the imaginary part is zero. Thus the phases are real and contributions

from these paths are

(295 )
e 96/Q :;;v\[ q5 7 q%_i)}:z -5 u(qpki_fda\L)Fi
é </ﬂ })Jé . HBes - b

Consider the first sum. For layer-reflected rays of unit incident amplitude,
the reflected amplitude is simply taken to be the reflection coefficient, V,
and intensity is V*V. The frequency averaged value of V*V is desired. It is
obtzined by computing the values of V*V at eight different frequencies over

a one octave range and finding the numerical average. The number of values

used in the average evidently is arbitrarily chosen to be eight.
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Consider the second sum. Four bottom interacting reflected pulses reach the
receiver from the source in some order arbitrarily chosen, for example, on a

time scale as illustrated.

P[ [~ DR —= ps q
v zk—DS-DR o . 5
L" Ds < 13(-%4
The sum includes all combinations of travel time differences such as:
K,L Phase Shift/F Surface reflection at
1-2 DR receiver
1-3 DS source
1—4k DS + DR source and receiver
2-3 DS - DR source and receiver
2-4 ) DS source
3-4 DR receiver

The frequency averaged sum is
4 [siv\Fz(Dz+ns)—s:uF/(DR+Ds) - sinF2 (D5-DR)~sin Fi (Ps-DPR)

'25 DR+DS Ds -DR (an)
_250’HF2D$“.§;MF1DS _ zj;hFQ.DR-SiVl}iDR
Ds DR

for the layer reflected paths. The terms corresponding to only one surface
reflection are given negative signs to account for a phase shift of 17 radians
while those corresponding to two reflections have positive signs to account
for a phase shift of 29 radians. The terms corresponding to no phase shift
are accounted for by adding the numeral 4 to this sum. The sum just mentioned
is multiplied by the frequency averaged value of V*V. This accounts for the

layer reflected ray intensities.

Next the layer transmitted rays are accounted for by computing the layer two-

way transmission coefficient at the center frequency of the octave wide
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band and multiplying by the basement reflection coefficient (where appropriate)
and the geometrical spreading loss factor. This gives the amplitude of the

transmitted rays. No further frequency averaging is done far transmitted path

amplitudes.

The phases of the four layer-transmitted signals are accounted for by changing
the signs of two of the amplitudes which is equivalent to changing the pha;es
by 77 radians to account for one surface reflection each and no change of the
other two to account for phase change of zero for the bottom-reflected-only
path and phase change of 27 for the twice-surface-reflected path. In
addition, phase shifts and attenuation in the sediment are accounted for by

forming complex frequency dependent phases as follows:

¢, = 2m(t+ixeS) , (3o1)
@2 =par(t+ z‘$+/’0('os), (3c2)
¢2=2ﬁ—(zf+ég+iaco_€), (303 )
¢4=g7r(t+z‘5+z‘g*io<o5)) (304)

‘where t is base ray travel time, tgp and t¢ are surface scattering travel time
differences, &Ko is the sediment attentuation coefficient, and S is the sedi-
ment path length. These phase factors account for attengation in the sediment.
Products of amplitudes are formed as are the exponential phase factors anc

their integrals are summed as needed to produce the transmitted ray portion of

{z) -

The reflected and transmitted frequency averaged intensities are combined in-

coherently to find the total loss which would be measured,L = -10 1og~<1/1q> ; <3c5

equation (43) of Spofford et al.(1982).
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The computed spreading loss is given most simply by

2L

| | g
Lo= =i /03’0 (slawf'ranc)z = —/0/03/0

T

. (504)

which represents a sum of 4 unit initial intensity rays.

Therefore, bottom loss is found by subtraction

BL

N

-1o1og< > [/0/03 cose) (307)

-10 log —i—ﬁz— = ALOSS . (?o@)

%

Suitable variations in computational procedures are made in order to suit

the various domains to be accounted for.

Now consider SUBROUTINE LOSS(JJ).

ALPH@=  1nl0 ALPHY is used to convert the usual logarithmic expression
41 (/ooc0)

in dB/m/kHz from the COMMON block to suitable units for use in an exponential

form.
EX=1og‘oe is defined.
Aim=(0+i) used to provide imaginary quantities.
= : AT ' 09 )
Fl-F/l[—Z'Hs the lower limit and (3
F2_=F U 2'is the upper 1imit of a one octave bandwidth centered at F. ( 3/0)

FP12D = 4TFD Thickness of the layer is D and sound speed in the layer is Cs. (3//

3

NAV1=8 is defined.

FPIINC=FPI2D( {Z -14/Z) = 4 (F,-F,) is an increment [3/2)
NAVI €3 8

FPIIN = 47D F - (8-1) 41 (Fp-F,) (3:13)
0 ) |

= 4m (F-_7 (. -F,)) (304)

G, To
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This is an increment to be used in computing frequency dependent phases for
"reflection and transmission coefficients. Consider a one octave bandwidth
centered at frequency F(JJ)=F with lTower and upper limits A and Fa. The

term FPIIN is used to compute a quantity at the frequency Fc = F -__Z(EL-F,) (»3!&)
: 16

as illustrated in figure 17.

lFC ) lFC e
o ! i ] 1 1 | {

] i T
F, F 7

Firguvre /7. Frequencies for Compufﬂ't"ov\ ef average jn

o one -cctave wide bawdl.
This is the starting frequency for computing frequency averaged reflection
and transmission coefficients.
NTHC = ES:the caustic angle in degrees
N =290 -8,
_COMPUTE LOSS FOR ANGLES ABOVE CRITICAL

(the caustic angle). These calculations apply to the domain of range Rz as

shown in figure 2.

DO 12 1 = 1,90

10 ALOSS(JJ,1)=25 This puts in an assumed value.

D0 1p@,1=1,N

J = 91;1 Computations are made for angles in steps of 1 degree from 652 to
90°.

FPIAUX=FPIIN Use in starting the frequency average calculation.

DO 2@ NAV=1,NAV1 Calculation is made for 8 frequenéies within the one octave

bandwidth.
ATTD 3 _;:] .
ALPH2= oC5 = *—C'{‘[F‘/é(FZ )| sin €2 (3lte)

is a frequency and path dependent phase angle for the layer.
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C=coseCy Used in computing the square of the layer reflection
S=sinely " coefficients.

The square of the layer reflection coefficient is needed because we want the
intensity of the reflected wave which is proportional t; the layer reflection

coefficient, or equal to it for an incident wave of unit intensity.

The layer reflection coefficient, equation (30) of Spofford et al.(1982) is
R =V + Va3 ea"’c‘=l and if we let Ky = 24 (3,7)
]+ \/12_\/2332:“0‘

e, .
R*R = V|2_+V33€I - \/V,Q + Vag GM"-
l'*VﬁaVé3f?'d?/{l +Via Vg3 @'

2 ik e
V::5~+V23 *Vaz\/lz(e 2 4 Z)
f +V,?2‘ V223 + Via Vs 3 (e"{”’“-p— e'“ﬂz)

' 2
V;;)z-_ + % \/32\/)2 CoscX o + \/2_3
| +Viz Vi3 +2V)2Vax cosoy

(Viz +Vos cosots) s (Vs 5’”°C2)2 (318
(14 ViaVes cos G5 (V,\f s ineko)” -

"

Interchanging subscripts changes signs of the factors but has no effect on
the value of R*R so doing this and introducing prefix R we find

VV=R*R= (72\/1\ + RV32 cos oCz,)Z-i- (pVSZ Sin ch_jz‘ ( 3/(_'/)
(’4- P\/a; ?Vzg Cos acz_)z + (RVZI RV325}V10C2)2

as in Subroutine L0SS. The boundary reflection coefficients RV21, Rv32

are computed in Subroutine REFL.

AUX=AUX+VV The value of VV is computed and the results summed.
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FPIAUX = FPIAUX + FPIINC causes increment in frequency to the next step shown
in figure 17 and computation of VV again.
20 CONTINUE. Procedure is completed 8 times yielding a sum of 8 values of VV.

VV = AUX/NAV1 = VV(Fc)+---+VV(Fc8) gives an average value of VV, the squared
8

reflection coefficient, over the 1 octave frequency band as illustrated in

figure 17.
DR

(32¢)

DS when multiplied by frequency gives phase shift in radians.

2MRDTR(J) converts surface scattering travel time differences so
2MRDTS(J)

DT The first four consecutive DT statements provide the sum of frequency
averaged phases for the layer reflected waves as described in the Discussion.
The fifth DT statement provides the sum multiplied by the frequency averaged
reflection coefficient to obtain the intensity of the layer-reflected rays.

" For basement reflected paths the separate ray contributions are summed inco-
herently on the assumption that the time delays between layer and basement

reflected paths results in incoherent arrivals at the receiver.

_ALPH2=FPI2D*BSSIN2(J)/2=4mF(JJ) sinB2 =°(:Zgives phase shift for 1 way travel

62 2 ¢ Bel)
in the layer.
€ = cos s
S = sinkp

The two-way travel layer-transmission coefficient can be obtained as shown

for SUBROUTINE GEOPHYS:

> .
T= 164 ﬂ3( Rz )
(A3 +A2)(A2+A1) ' (3 ZZ.)
V+2 V32 Vo cos2K; + (V-_«,:_V;])Z
where we have in the numerator the expression for BSTRF. Consider the

denominator of this expression. It has the form 1 + 2M cos2X; + MZ, where (3255)

M = V32V21, so by using identities we can write: 5 r
S\‘V\7‘0(2_+ Coszodz +1M(Cos7'u(1~siv,2°(2) + M2(sinteLy4cos ’(2_) ( 31‘/3

= cos¥oly, ( j4amymE) 4 5intdy( =2 m+M2) ( 325)
= ( EMPeost L, + M-1)*siniKa (32(,;
=[(14M)coeecy »L.'(M-Osf‘ﬂbgcaj : (321



Substitution of this expression for the denominator gives

Vo= BSTRF .
[(1+BsVv328BSsVal) ca.sac;-l-n(BSV,;zB.svzl-l)Z (312)

The quantities with prefix BS come from SUBROUTINE BASE.

The amplitude of a ray reflected by the basement after passing through the
cos & !

layer into the water is given by W o= IVIVRsinﬁlld—R-! (REF) (32‘?)

where BSG1(J) = é:"ae is the geomatric spreading factor and (PEF)<
1 U,

= 330)
is a numemcal basement pressure reflection coefficient.

AUX = 0 is defined.

i

IF vv=0 GO TO 120 accounts for the case of no basement reflection.

The amplitudes of the basement reflected waves are designated

BR(1)=vv

BR(@)=-VV
BR(3)=-vV
BR(4)=vV

The negative signs are to augment phases by 7t radians for 1 surface reflection
and the positive signs account for zero and 27 radian phase shifts for no

surface and two surface reflections respectively.

(53/)

V=(BST(J) + iec,BSLS(J))=(t+ioc  S) is used to form the complex frequency
dependent phases mentioned in the DiscussionAas follows:

H(1) = ¢, =2 (E+icteS) (332)

e _q;z_z,r(t*t,noaos) (33%%)

PH(3) = 5= = 2m(t+ir+ides) (334}

PH(4) = q> Zfl’(t*t’?*tst”S) (;';_\j}

Here BST(J) = t is the travel time in water plus time in the sediment, tp
and t¢ are surface scattering travel time differences, and ALPH@* BSLS(J)
is the attenuation loss per unit frequency in the sediment =K oS where

S is the "effective" path length. These are complex phase factors.
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120 DT7T= DT

V =0 is defined.

- DO11@ K=1,3 to 11§ CONTINUE produces AUX=BR(K)*BR(L) i.e. cross products of

the amplitudes of the transhitted rays for all permitted combinations and

AUXT=(PH(K)-CONJG(PH(L))*AIM &
=i(9k'%f) the corresponding complex phase differeﬁces.

IF (REAL(AUX1)*F2<-40) GO TO 11P causes terms like ATASF, to be ignored

unless greater than -40 (Note that e'493 10'17) in which case

ol o (b -0F) _ o' i (Pe-tr)
i @p - @F)

V = V4+BR(K)*BR(L)

(33

Here we have terms applicable to the transmitted rays like those in the
formula for the frequency averaged intensity ratio shown in the Discussion
of this subroutine. Terms of this kind are generated and summed.

AUX = 2*REAL(V)=2ReV gives the effective value of the intensity of the cross

product terms for the four contributing paths.

- AUX2= -2(2mMd S

IF AUX2*F2 = -4TTASF2 £ -40 go to 120 causes terms like -4TXSF2 to be
ignored unless greater than -40 in which case

“AT RS Fo  -ATR.S F
AUX = 2Rev + 4( e oS TE gAT ) [BR(:)JZ (337)

—~4 TR S

The last term accounts for dissipation loss along the path in the sediment
2 2
for four rays with initial intensities of the same amount, [?R(lﬂ =(vv) ",

combined incoherently.

—4TrKoS -
g
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On the right-hand side of the last equation DT represents the frequency
averaged effects of the layer-reflected rays and in the second term Z2ReV gives
the effects of the cross product terms for the transmitted rays while the last
term gives the effects of the frequency averaged attenuation in the sediment
on the 4 rays with intensities (val. In the denominators the factors F1 and
4md,S are needed for the frequency averaging and the 4 (cosGVRfL is the geo-
metric intensity sum for 4 rays with R/cos®as the slant range. The last step
gives the bottom loss for angles above the caustic:

ALOSS(JJ,Jd)=-10 109,°(DT).

CONTINUE

NMAX=91-N is definition.

COMPUTE LOSS FOR ANGLES BETWEEN TIR AND THS.

This applies to the domain designated by Ry in figure 2, i.e. for angles
between THS=SAP the smallest bottom grazing angle or TIR the angle of total
internal reflection, whichever is greater, and the basement limiting angle.
Previously we had N=90-NTHC

NMAX=91-90+NTHC=1+NTHC

NTIR=TIR+1l gives angle in degrees.

N=NMAX-NTIR

N=1+NTHC-NTIR-1=NTHC-NTIR redefines N

DO 2@p I=1,N=1,NTHC-NTIR

J=NMAX-1=NTHC is maximum value of J while the minimum value is 1+NTIR or NSAP.
IF (J<NSAP) go to 800 causes computation for angles between TIR and THS as

stated. Otherwise, for rays in domain R2 shown in figure 2, the following

is done:
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COMPUTE REFLECTION COEFFICIENT

COMPUTE FREQ AVERAGE ABSOLUTE REFLECTION

From here to the statement VV=AUX/NAV1 the frequency averaged squared reflec-
tion coefficient VV is computed as for the case of ahg1e; above the caustic
in this subroutine.

ALPH2=FPI2D*RSIN2(J)= 47DF(JJ)sinB, = K2

Compute newdgs using th;:%and center frequency to find a new V.

C=cos L3

S=sin &Ko

V=RV21+RV32cosoCa+i RV32sinoce

| +RV2| RV32cosKko+ i RV2) RV3ig s imK Cos &
( dl ”Vv,( OR, 1 (335,)

B\/-”-Hkv,zz cosXa + | RV32SinLa
[ | + RU2|Rvz2.CosKXa+1 RUZ) RVay Siv Ky I

Here the first term contains the new oCy calculated for the band center fre-
quency, and it gives proportional values of real and imaginary parts of the
complex layer reflection coefficient while the second term, U—VV? gives the
magnitude, and the last term is the geometric amplitude factor. Thus V is
‘the complex amplitude of the layer reflected ray. This is used to obtain

a coherent sum of contributions from the 4 paths for this angular domain.

AR(1)=V

AR(2)=-V These give amplitudes of the four layer reflected
AR(3)=-V paths including effects.of phase shifts upon surface
AR(4)=V reflection.

PH(1) = 21t Here RT(S)=t is travel time in the water for the
PH(2)=2m(t+ts) reflection path, RDTS(J)=ts, RDTR(J)=tr appropriate
PH(3)=2n{t+tp) to this path.

PH(4)=26(t+tp+ts )
COMPUTE BIG TRANSMISSION COEFFICIENT
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This applies to path R2.C. of figure 2.’

- AR(5)=0

AR(6)

0 Sets ar}ay =0
AR(7)

0

AR(8)=0

The layer transmission coefficient factor BTRF for the Big Angle ray is

needed as computed in SUBROUTINE REFR.

IF BTRF=0 GO TQO 205 -} Skips Big Angle computation
IF BT(S) RT(J) GO TO 205 for physically unrealistic cases.

Here BT is total travel time and RT is travel time in water.

ALPH2= ng Q%QF(JJ)_522§§ where 6%.15 the angle in the layer for the big
2

angle case and 4(2.15 the phase factor for transmission one way through the

layer.

1

}cw34

) |
V = )éAI‘}Z’ ((ﬁsfﬁz)(ﬁziﬂqz) Smwlfﬁﬁf{
{1 +Bv328BV2])costy + i (BY3LBV2) -1)si h"(;:]z

[ 3¥o )

This is the two-way transmission coefficient for paths refracted in the sedi-

ment multiplied by the geometric spreading factor.

AR(5)=V -} These are amplitudes for sediment refracted
AR(6)=-V \ paths including effects of surface reflections
AR(7)=-V on phases.

AR(8)=V

V=BT(J)+i% BLS(J) | (3+41)

V=t+iLS_ the total travel time for path with bottom grazing angle BA = Big(fgdg)

Angle plus dissipation loss per unit frequency in sediment.
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PH(5) = 27Mt+#oS,) (343 )
PH(6) = 2m(t+t tidoS.) ' . (5‘?"4)
- (345)
PH(7) = 24t+t tidosS ) e
PH(8) = 2M(t+tg+tp+ikoS,) (244)

These are the complex phase facters including effects of surface scattering

travel times and dissipation loss factoré for this case.

CONTINUE

COMPUTE SMALL TRANSMISSION COEFFICIENT

This applies to path R2.b. of figure 2. Here the computation is exactly the
same as for the Big Angle case but using appropriate factors for the Small

Angle case. One exception occurs. The transmission coefficient is made

negative imaginary:

=54

. 54
VE-VESEI(J)*AIM=-}V Rcsc'u)v\SﬁIdK | (247)
ASh

This should account for a (controversial) phase change due to the caustic in

the sediment shown in figqure 2 for ray R2.b. and mentioned on page 56 of

Spofford et al.(1982).

The amplitudes and phases are computed as in the Big Angle case.-

COMPUTE BASEMENT RAY TRANSMISSION COEFFICIENT.

This applies to path R2.d. of fiqure 2.

The same procedure is used as for the Big aﬁd Small Angle coefficients. We
get the amplitudes of the transmitted rays by multiplying the transmission

coefficients by the geometric spreading factor and the basement reflection

coefficient REF. This accounts for ray R2.d. in figure 2.

Amplitudes and phase factors are computed as before in this subroutine.

The rest of the computations are done in a similar manner as before except

for differences in notation.
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DO 21@,K=1,15
NA=K+1
DO 210,L=NA,16

AUX 99=AR(K)*CONJG(AR(L))

*
=AR(K) AR (L) computes cross products of complex amplitudes for all
three cases of angles from caustic to basement limiting.
IF |auxgg] =0 6o To 210
. ol :
AUX 1-1(#%-—9? ) computes complex phase differences.
IF REAL (AUX1)*F2<-40 GO TO 210 causes terms like 4ﬂUgS§Z to be ignored

unless greater than -40 in which case the sum is computed.

(F (CPK‘CI’Z‘)__ e:'F/ (¢id))
i(Px-P¥)

This makes a sum of contributions from the Small Angle path, Big Angle path

V =V + ARIKARY (L) & (3¢8)

and basement reflected path.

CONTINUE to 209.

AUX=2*REAL(V) gives the average value of a complex quantity representing the

-sum of contributions from the four paths.

IF {AR(13)/ =0 go to 209  Skip next computation unless transmitted contribution

of basement ray intensity> 0.

AUX 2=-47T0(of%( is effective path length for basement fef1ected ray in

sediment.

Iy —4TFO<°S°‘ F2< -40 GO TO 209 Ignore contributions{ -40.

..4.11'0&0502 ;—?:,_ ‘4"7"“0541:, ”
AUX=2ReV+(4) S s Se [V] (377)
_ oSy
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gives contributions for basement reflected paths.
AUX2=-4HXBSC, Scis effective path length in sediment for Big Angle path.

IF -41K S F, { -40 70 TO 211} Ignore contributions too small to be
c 14

IF AR(S) =0 GO TO 211 o Bhysically reahis:g:éF (35
<5 TToCa.S’d 2 =& {
s 2Re¥ » [4).E — il
" ) o S Tieey (25/)
4) e—#ﬂ_a(oSaFl - 6—4—”4}9:-,7_ ,
il C4ATKeSe

adds contributions for ray along Big Angle path.
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AUX2= -4fdoS, | S, is effective path length in sediment for Small Angle path.

“IF —4.17'0(054,%(-4060 T0 212. ] Ignore contributions that are not

IF AR(9) =0 GO TO 212. physically realistic. (T52)
s4TLeuf  -4TxoS F
AUX=2ReV+(4) - &

‘417-%050[ :
8-477'0(05ch _ e‘A'Troco&f:l
+(‘() —4’74054 CBS“;.)
~4 ko Sp Fo ~4ATKSpF
+ @) —=
— T Re Db
adds contributions for ray along Small Angle path.
AUX=AUX + 4 /AR(l){2 _ (359)
Fy

The first term, AUX is needed as part of the frequency averaging and the
Fl

2 X
second term 4IAR(1)[ adds the sum of intensities of the 4 layer reflected rays.

IF AUX>0 GO TO 213 where the computation is completed. Otherwise set the value

AL0SS(JJ,J)=25. This is an assumed value.

"GO TO 200 allows continuation of computations.

ALOSS(JJ,3)=-10 Tog AUX (359
© 7Tcos8/R)Z

This completes the computations for the domain where Big Angle, Small Angle,
and basement reflected paths can all contribute. The 4 in the denominator
represents the sum of 4 unit intensities and (cosO/R)iL 7 tge inverse squared
slant range factor.

CONTINUE

N=J-1

NA=J

DO 701 I=1,N

J=NA-1
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IF J<NSAP GO TO 999 Stops computations for bottom angles too small for ray to

- travel from source or to receiver.

Statements from DR to last DT compute same quantities as in case for angles
above critical (caustic) near the beginning of this subroutine, but for angles
greater than NSAP.

ALOSS(JJ,d)=-10 1og/ODT gives loss for angles between SAP and TIR. For this
case, total internal reflection occurs, no paths penetrate the layer, and it

is assumed no losses occur in the sediment.

CONTINUE

GO TO 999 Stops the subroutine. You will remember
IF J<NSAP the routine goes to 800.

N=J-1
- NA=J

DO 801 I=1,N

J=NA-1

IF JXNTIR GO TO 999 Computations are done for angles between TIR-and basement
limiting ray angle, e.g. ray Rl.b. shown in figure 2

COMPUTE BIG TRANSMISSION COEFFICIENT

AL0SS(JJ,d)=25 Loss value is assumed.

ALPH2=0(y = 47DF(JJ)sinBA Uses Big Angle.
G2

V=V*BGI(J) gives the two-way transmission coefficient multiplied by the
geometric amplitude as done before using Big Angle.

AUX3=(VI2 gives intensity of two-way transmitted ray.

IF AUX3=0 GO TO 801 Skip rest of computation. |

Otherwise compute
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1

DR to last DT statement as done before in this subroutine.

AUX2=-4THX°551og‘6EE where S represents the effective Big Angle path in

the sediment.

z

IF AUX2*F2 £ -40 GO TO 801. causes this calculation to be skipped if
-4ﬂ$<°$1ogloe<f-40.

Otherwise compute

(33,9) 4TdoS log £ + /0«3 !\/12 1?97.27
AL0SS(JJ,d)=-104 ~ o o J2X
10 / (E;ja—/)*/ ( 351%)

~4rLko S

s
- e ceos @)2
— :
Here only sediment refracted paths are considered--no layer reflection.
IF ALOSS(JJ,J)225 ALOSS(J3J,d)=25
This replaces the computed value when greater than 25 with the value 25 on
the assumption that the greater value is unrealistic.

CONTINUE Computations are made in steps of 1 degree for the allowable

values.

RETURN

END Stops SUBROUTINE LOSS(JJ)
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IT1. ANALYSIS OF DATA AND SELECTION OF VALUES FOR INPUT TO COMPUTER

Program BTLS has two input options. The choice of the option desired provides
for the computation of either Geo-parameters or simulated bottom loss. In

either case the environmental geometry is important and the following inputs

are required.

1. T = thickness of the sediment (from the bottom of the water to the inter-
face with the basement) is characterized, not by units of length, but by the
two-way travel time for sound to travel from top of the sediment to the base-
ment and return. This time should be entered in units of tenths of seconds.
Two decimal places should be used (e.g., if the two-way travel time is, say,
1.7 seconds, it would be entered as 17.00.). The time may be obtained from

sediment thickness charts or other source.

2. NNFILE = Arbitrary file number--a number which designates the geographi-

cal site of the measurements or predictions.

3. IOPT = input option, P for Geo-Parameters
1 for Inversion Parameters
I0PT=@ causes computation (and plotting) of simulated bottom loss.

I0PT=1 causes computation and printout of geo-parameters.

4. The data listed next is required for all computations, and it should not
be controversial in nature.
IB = water depth (of bottom below surface). Units are meters. Entry

should contain two decimal places, e.g. ZB=4800.00.
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IS = depth of sound source below sur?ace of water (Standard depth is 244
meters.) Units are meters. Entry should contain two decimal places,
e.g. IS = 244.00.
IR = depth of receiver of sound below surface of water. Units are meters.
Entry should contain two decimal p15ces, e.g. ZR=305.00.
CS = Speed of sound in water at the depth ZR or ZS, whichever is smaller.
Units are meters/second. Entry should contain two decimal places,
e.g. €S=1507.00.
Cl = Speed of sound in water at bottom of water column. Units are meters/
second. Entry should contain two decimal places, e.g. C1=1543.70.
GEOPHYSICAL PARAMETER COMPUTATION
For IOPT = 1 the INPUT INVERSION PARAMETERS required are listed below.
'INPUT is format free. The following are required inputs.
1. DBLOSS 8. THC
2. FREQ 9. RATIO
3. THETA 10. G
4. ALOSSP 11. BETA
5. ALOSSM 12. GAM
6. FM 13. REF
7. 7TIR
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The statements which follow are intended to be used for guidance in determining
the rest of the necessary input déta far computef runs of Program BTLS. Data,
tables, and articles referred to are meant to be used as examples only. They
‘may not represent true values for a given situation. A; bottom loss work pro-
gresses, it is expected that much data will accumulate, and the techniques

and "art" used in interpretation will become highly sophiéticated. Therefofe,
it is essential to use all evidence at one's disposal, and take great care in
choosing assigned or estimated values. Otherwise, large errors in output

results should be expected. With this caveat in mind we proceed to a discussion

of ways and means to arrive at input data.

For the measurement location, the bulk sediment type is to be obtained from
measured core data, core data summaries, or other source. The type of sedi-

ment must be known in order to choose properly some assigned values.

The quantities DBLOSS, FREQ, and THETA are used to compute ALPH@, the logari-

“thmic attenuation coefficient of the sediment in dB/m/kHz.

DBLOSS is a value found by inspection of a graph (or pogsib1y a table of

data) of measured bottom loss as a function of apparent grazing angle.
Consider Figure 18 as an example. Look on fhe curve for the frequency 400 Hz.
Find a reasonably smooth portion of the curve which seems to be as nearly
linear as possible. Read the graph and determine the bottom loss in DB and
the apparent bottom grazing angle for a point on thé gmooth Tinear portion

of the curve. For example DBLOSS = 3.5 dB, FREQ = 400 Hz, THETA = 20 degrees.

Entry should contain two decimal places, e.g. DBLOSS = 3.50.
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For other examples consider Figure 19 where DBLOSS = 4dB, FREQ = 400 Hz,
~ THETA

209 while Figure 20 indicates DBLOSS = 8.5 dB, FREQ = 400 Hz,
THETA

200, Note that usually one should choose mid-frequencies and

modest grazing angles to obtain values of DBLOSS, FREQ, and THETA.

ALOSSP, ALOSSM, and FM are used to compute the density of the layer above
the sediment, €£_= RHZ2, the density of the sediment, (g = RH3, and the thick-
ness D of the layer. To find these input quantities look at the bottom loss
curves. Look at the portions of the curves for large.angles. Find the fre-
quency at which the loss is smallest. This fréquenCy is the value FM. The
units to be used for this quantity are Hertz (Hz). Now read the minimum
value of bottom loss for the curve just selected. This minimum value of
bottom loss is ALOSSM in units of dB and usually occurs at relatively high
frequency. This quantity is characteristic of the thin layer and of frequen-
_cies greater than 300 to 400 Hz, therefore data for frequencies lower than
300-400 Hz should not be used here. The value of ALOSSP is the amount of
bottom loss where the curve has a maximum at low frequency (say, less than
300-400 Hz). These entries should all contain two decimal places, e.g.

ALOSS® = 9.00, ALOSSM = 7.00, FM = 1600.00.

The angle of total internal reflection, TIR, is the largest grazing angle
wheré no sound energy penetrates into the layer or sediment. Al1 the sound
is reflected from the bottom for bottom grazing angles less than this angle.
This phenomenon can occur for sediments (or the top.1éyer) in which the
speed of sound is greater than the speed of sound at the bottom of the water

column. For the angle TIR and smaller angles there is no bottom loss.
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POTTOM LUSS (dD)

Spofford, Greene, and Hersey
J. Acoust. Soc. Am.

‘L'\’,-
A= S0 'HZ
= 100 W
4 = 200 112
T = 4oo
to- X = 800
X = 1600
v _
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Lo R e
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GRAZING ANGLE (DEGREES)
Figure 20. Bottom loss versus grazing angle measured in six one-octave

bands at indicated center frequencies: negative high-angle
frequency dependence.

After Spofford et al.{1982)
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Consequently, you should inspect the bottom loss curves and find the greatest

-angle for which there is a zero value of bottom loss. This angle is TIR and

the units are degrees. Ent}y should have two decimal places, e.g. TIR =10.00.

The caustic angle, THC, is the apparent bottom grazing angle, at which there
is a marked increase in bottom loss. For example, in Figure 18 the caustic
angle THC = 40° as indicated by spikes in the curves. Notice Figure 19; no
caustic effect can be found here. The sediments are not thick enough to
allow the caustic to form. The basement grazing ray appears to correspond
to the bottom grazing angle of about 25 degrees. This figure is discussed
further under High Angle Losses, Type 2. In Figure 20 the caustic angle is
at 34°. Use degrees as the proper units for THC. This angle is interpreted
as the boundary separating strong sediment refracting paths from weak

reflected paths. Entry should have two decimal places, e.g. THC = 39.00.

The quantity RATIO is the value of the speed of sound in the top layer of
the sediment, C2, divided by the speed of sound in the water at the bottom
of the water column. It is computed by use of Snell's law from the angle
TIR. Alternately, if desired, it can be an assigned value. It is a number
without units. Hamilton's value of sound-speed ratio by sediment type from

Table 1, reproduced here from Spofford et al.(1982), has been used directly

and given satisfactory results in some cases. In some instances it should

be adjusted to account for unusually low or high-speed bottoms which manifest
themselves in the data by either a finite loss at iero or minimal grazing
angle, or zero loss at a finite grazing angle, respectively. The entry

should have four decimal places, e.g. RATIO = 1,0040.
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10

Sound Speed profile parameters from Hamilton

by sediment type and corresponding values of 8 for c(z)

Table 1.

(units - km, sec)

given by Equation (15).

Values at 500 m

Fitted B

adl
'70

Sediment Type

-0.741 0.257 2.010 0.756 -0.46 -0.56

1.304

1.511

Turbldites

80

-0.33 -0.47

1.877 0.602

-0.267 0

0.86G9

09

Siliceous

wpuiliviu, vIeene, and H&I‘Se}"
. Acoust, Soc. Am
1 s

0.73

0.99

1.339

After Spofford et al.(1982)

2.322

-0.374 0

1.713

1.559

Calcareous



. The gradient of the speed of sound in the sediment at the top of the sediment

is designated G. This quantity is computed from input data including the
apparent caustic grazing angle, THC, especially. If desired,.an assigned
value can be used for input data. Units are 1/second. Hamiiton's
tabulated values are suggested as a source of numerical values when it is
desired to assign a value. Table 1 may be used as a source of possible
values with the caution that these values are to be considered as examples

only. Entry should have two decimal places, e.g. G = 1.79,

The parameter BETA=B controls the rate of decrease of the sound speed gradient
in the sediment with increasing depth and increasing sound speed. It controls
the shape of the sound speed profile. 1Its values lie between -1 and + in-
finity. This parameter is a pure number with no units. The value of B must
be assigned. Some typical values of B are given in Table 1. As illustrated
in the table, the value of B is based upon the type of sediment at the site
under consideration. Values given in Table 1 are typical values only and

may not be characteristic of a particular site (NNFILE number). Entry should

show a sign and two decimal places, e.g. BET=-.50.

The quantity GAM=E’15 the gradient of the logarithmic attenuation coefficient
of the sediment and has units dB/mz/kHz. The value of this quantity must

be assigned. The value of GAM ranges from O to 0.00040 and, as mentioned in
"Documentation of Bottom Loss Upgrade Parameters," increments may be typically
0.00005. Roughly the value GAM = 0.00005 corresponds to terrigenous abyssal
plain sediments, GAM = 0.00010 to terrigenous continental rise sediments, and
GAM = 0.00020 to calcareous sediments. The non-linear loss at higher angles
and lower frequencies may help in estimating GAM. The entry should show 5

decimal places, e.g. GAM = 0.00010.
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The basement reflection coefficient REF is a pure number used to represent
- the sound pressure reflection coefficient for sound penetrating the sediment,
reflecting from the basemenf, and returning through the sediment to the water.
The value must be assigned. This is a pure number with no units, and its
value is in the range from 0 to 1. Basement ref]ected'paths may make important
contributions to the sound level after a bottom interaction occurs. Sometimes
this effect is observable in bottom loss curves. For example, a look at
Figure 19 shows a rise in the curves at a bottom grazing angle of 28°. This
has been interpreted as the effect of ref1ecti9n of the sound from the base-
ment, the onset of basement reflection taking place at 28°. Basement reflec-
tion coefficients, REF, of 0.4 to 0.5 independent of frequency and grazing
angle appear to be quite common. The entry should contain two decimal places,

e.g. REF =0.50.

-High angle losses are discussed by Spofford et al. (1982) as follows:

D. High Angle Losses

At the higher angles the bottom-loss data show several characteristic
patterns. Very little significant angle dependence is apparent; however, four
types of frequency dependence have been identified:

Type 1. Zero (0) Frequency Dependence

. This is the simplest behavior and represents the frequency and
angle-independent loss characteristic of a two-fluid interface. Figure 18 Is
a good example of this type where the loss of approximately 10 dB corresponds
to an impedance of 3.2 or a sediment density of 2.0 g/cm3, characteristic of
sandy-silt found on continental terraces.

Type 2. Positive (+) Freguency Dependence

When the sediments are not so thick, at the high angles the interface-
reflected path is augmented by a basement-reflected path which can carrv signi-
ficant energy, especially at the lower frequencies where volume attenuation in
the sediment is diminished. Figure 19 illustrates such a case. The sediments
are not thick enough to allow the caustic to form. In fact the basement
grazing ray appears to correspond to the bottom-grazing angle of about 25
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degrees consistent with the known sediment thickness at this location of
approximately 90 meters and the gradient appropriate to this type of calcareous
sediment of 1.7 sec™!. The higher frequency losses, dominated by the Iinterface-
reflected wave, tend to cluster around 10 dB. As the fregquency decreases, the
amplitude of the basement-reflected path increases until the two paths have
comparable amplitude at 200 Hz (thereby reducing the loss by 3 dB). At 50 and
100 Hz the basement return dominates and attenuation effects are nearly negli-
gible. Basement reflection coefficients of 6-8 dB corresponding to REF =
0.4-0.5 independent of frequency and grazing angle appear to be quite common.

Type 3. Negative (-) Frequency Dependence

A third type of frequency dependence at high angles is illustrated
in Figure 20. Here the high frequencies show less loss than the low freguen-
cies. This appears to be modelable as a thin high-impedance layer at the top
of the sediment. The shorter wavelengths respond to this impedance while
longer wavelengths tend to "see"” through the layer, responding more strongly
to the lower impedance characteristic of the bulk of the sediment as the fre-
gqueny decreases. In this case, it would appear that the thin layer has an
effective impedance ratio of 1.50, whereas the bulk of the sediments has a
near-surface ratio of 1.29. The higher impedance is characteristic of sandy
silt, whereas the bulk of the sediment might be clayey silt.

Type 4. Reversing (%) Frequency Dependence

A fourth type of behavior is occasionally observed when the thin-layer (Type 3)
effect appears to peak at a particular frequency. In Figure 21 the loss de-
creases at high angles until 200 Hz, where it reaches a minimum and then in-
creases. This strongly suggests a high-impedance layer (or set of layers)
which acoustically resonates at 200 Hz. If, iIn fact, this is a single layer
it would then have to be about 2 meters thick with a well defined lower inter-

.face with the sediment.

RESULTS OF GEO-PARAMETER COMPUTATION

The inversion computation yields results as follows:

RATIO = C2
Gl

RHZ

density of top layer of sediment in gram/cm3.

RH3

density of sediment below the layer in gram/cm3.
D = thickness of the top layer in meters.
G = sound speed gradient at the top of the sediment in units sec™!,

B = sound speed profile parameter, no units.
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ALPHP = logarithmic sound attenuation coefficient for sound in sediment,

units DB/m/kHz.

GAM = attenuation coefficient gradient in units of dB/m?/kHz.
BZ = depth of the sediment in meters.

REF = basement reflection coefficient, no units.

BOTTOM LOSS COMPUTATION

If bottom loss is the desired result, use input option statement.

IOPT = 0.

The required input data is listed below.

This example illustrates the number of decimal places needed for each entry:

1. RATIO = 1.0040 ' 6. D = .24

&y G= L.03 7. ALPHP = .029
3. BETA = -.50 8. GAM = .00010
4, RHZ2 = 2,33 9. REF = .50

5. RH3 = 2.09 10. BZ = 1067.78

These quantities mentioned before have the same definitions given before.

The computation yields values of bottom 1oss.in dB in steps of 1 degree for
all applicable apparent bottom grazing angles from 0 to 90°. Computations
are done for the following frequencies (in Hz): 50, 100, 200, 400, 800, and
1600, or others as specified. Frequencies mentionea are the frequencies of
the centers of bands one-octave wide, and the computed bottom loss is a

frequency-averaged value for the one octave bandwidth. The results are

plotted in graphical form.
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For runs involving a basement reflection, if 90 degrees is reached on the
-loss plot, the loss value increases to the value one would have if no base-
ment return were present. fhis may be helpful to the user in evaluating the
effects of basement reflection and in adjusting the value of the basement

reflection coefficient REF.

Computed bottom loss values of 25dB should be treated suspiciously because
they may be the result of computations which result in loss values of greater
than 25dB. These are thought to be physically unrealistic so are set arbi-
trarily at 25dB by the computer. See statemené in Subroutine LOSS:
ALOSS(JJ,1)=25.

See also similar statements between 212 and 213 and between 800 and 801 of

Subroutine LOSS.
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IV. CONCLUSIONS
The computer program directs computations of geo-acoustic ocean bottom para-
meters and simulated bottom loss, generally in accordance with the criteria

outlined in the description of the model of Spofford et al.(1982). The pro-

gram has been implemented on HP 1000 computers inhouse at the Naval Oceano-
graphic Office and aboard ship at sea. At present, new bottom loss data is
being acquired by experiments at sea, and results are being computed by use
of PROGRAM BTLS. Some initial problems with use of the program have been
overcome, and use and evaluation are continuing. Some problems associated

with the program are discussed in the section containing recommendations.
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V.  RECOMMENDATIONS

It is recommended that changes be made to the program as follows:

In SUBROUTINE GEOPHYS change line D=C1/FM/4 to read D=C2/FM/4.

Change 1ine AUX=4*D*PT*FREQ/C1*SIN(THETA to read AUX=4*D*PI*FREQ/C2*SIN(THETA).

These change the speed of sound in the layer at the top of the sediment to
the correct value C2. Change AUX=AUX/T to read AUX=AUX/T**2 in order to

compute the square of the two-way layer transmission coefficient.

Once these changes are carried out, the program should be run again with
data used for previous computations done before making these changes. A
careful evaluation of the old and new results should be made to determine

the effects of these changes.

The program computations are based upon an assumed bandwidth of 1 octave.
This is important in the calculation of simulated bottom loss. The actual
bandwidth used in processing measured signals to provide input data for com-
puting geo-parameters does not seem to be important, because only the band
center frequency is designated, and the bandwidth does not enter into the
calculations. Nevertheless, when comparing simulated bottom loss plots with
actual measured bottom loss data, the bandwidth used for the simulation
should be the same as the bandwidth used to obtain the measured data. It
seems that all recent measured data is processed with a 1/3 octave bandwidth.
Therefore, discrepancies should be expected in a comparison of simulated
bottom loss with 1/3 octave bandwidth measured loss. It is recommended that
the same bandwidth be used in computing simulated bottom loss and for pro-

cessing measurements of bottom loss.
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APPENDIX B

Flow Chart of PROGRAM BTLS




I"""""""""l\

S BEGIN e
\.0..0...0..0.....0./
1
1
® 0 00000080000 000 0000008000 OOOOSOOOLILOSLOSLOLOILOSIOLIEOIOSEOSOESOODS
L :
PROGRAM BTLSYO =
......0.0............................O.....:
1
I===[ THIS PROGRAVP SIMULATES MEASURED]
1 [BOTTOM LOSS DATA ]
1 [ INCLUDING MEASUREMENT ARTIFACTS)
1
I===[ BLANK COMMON CONTAINS GEOACOUST)
1 [C PARAMETEFRS ]
1
1

COMMON 2E 2R 42S4C1,C24C34yRHT1,RH2,RH3,G,0, :
ALPHO,CS,EBZ4KFF g
COMMON /ALPH/GAM S

COMMON /T/T 2

1
I-~={ COMMON RLOCK AL CONTAINS THE i
1 (SIX FREGUENCIES DEFINED 2
1 [ IN THE FOLLOWING DATA STATEMENT)
1 CIN F, AND CORRESPONDING J
1 C BOTTO» LOSS FOR THE SIX i]
1 [FREQUENCIES AND ©0 ANGLES 1IN 2
1 [ ALOSS. THE VALUSE IN ALOSS &RE )
1 [CALCULATED IN SUSROUTINE LOSS. 2
1
I1-=--0 ALL VALUES OF ALOSS APE 3
1 [RETAINED, WHICH IS )
1 [ NOT NECESSARY IN THIS VERSION 2
1 [(OF THE PPOCGRAM, 2
1
1
COMFON/AL/F(6E) ,ALOSS(¢,90) 5
DIFMENSION BRAY(546) =
EQUIVALENCE (FRAY(1).F(1)),(ERAY(?), s
ALOSS (1,10 :
1
I-=-=[ LOOP S50C PEADS # CSET OF INFUT 2
1 [DATA AND GENERATES A SET L
) { OF BROTTOM LOSS DATA ON EACH ]
1 (PASS UP TO A FAXIMUM i}
1
1---[ SUBROUTINE LCS2 CALCULATES ALL 2
1 [CFREQUENCFY INDEPENDENT i
[ INTERMEDIATE VAPIAELES 2

1
1
1
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- CALL LOS2 -
9 . 0000 0000000000 0000000000 00000000000000CSL S S
1
1

Ill’l”lll’lllll""’l’Illll'l'lll’ll"”’\

< IF(TLEQ.999) GO TO 999 O e
\.........................................,
I FALSE
1
I-==C LOOP &1 CALCULATES BOTTOM LOSS
1 CAYT A PARTICULAR
U FREQUENCY IN SUBROUTINE LOSS
CAND PRINTS 17
[ OUT ON EACH PASS,

D v

g D b St

1

Sl DO 4171 J=1,6 :

1
1
2 CALL LOSS(J) -
1
1
/”””””"””””l””””ll”””ll"/
/ WRITE(642)(ALOSS(J,41),1=21,90) /
/........................................./
1
I1-==-=[ 2 FORMAT(1X,BF8,.,2)
b
[ 413 1
—ec—e=: CONTINUE : 3
1
b

HAC CALL EYEC(14,2,ERAY,1092) e

1
1
/""l”””’l’l’l’l”””l”ll’l"l"l”’/
/ WRITE(1,69) /
/........................................./
1
I---[49 FORMAY(” NORMAL TERMINATION =)
1 [ BOTTO® LOSS MODEL”) )

- IB I I 3B T IB_Jb BB _h B _Jb b _J2b 2 _J
el

[ ¢66¢] 1

/”’l"””’l”’l”’\

s STOP H

\.................../
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\ SUBROUTINE LOS2
\I.......................................0
1
1

/

/

L4

S COMVON ZB'ZR'ZS'c1QCZQCBQRH1'RH2'"H3'G'D' Hd
t ALPHO,CS.EBZ,REF s
: COMMON /DATA/ ULZEROLFZERO,L70,F?70,TH70, :
: FM,TIF ,THC,THFC ,TH1B ,BETA .
:..........0..........................0...0.:
1
1
® 0 0 00000000 000 OO OO OO0 N OO OO0 OO OSSO NNPS PSS
2 COMPON /ALPH/GAM :
s COMMON/T/T :
: REAL LZERO,LL70,L71 Q
3 OATA P1/2,141592655/ s
s RH1=1 s
1
1-=-=[ INPUTS
1 [ 1) T=Tw0 WAY TRAVEL TINME
1 [THICKNESS OF SEDIMENT
1
I=-==[ 2) NNFILE = AREITRARY FILE
1 [NUMBER
1
1--= 3) 10PT= INPUT OPTION, T FQOF
1 [GEO-PARAYETERS,
1
1
,flflfffffl'l"‘ffflllfl'fflfffl"lrttllrt,
/ WRITEC(1,701) /
,.........................................,
1
1-=={701 FORMET(” INPUT OPTIONS ARE:
1 [0 = INPUT GEC-PARAMETERS ./, *
1 [1 = INPUT POCTTOM LOSS” 4/, * ~ 2
1 [ END PROGRAM ,//, * 7 ENTER
1 [STATION NUMBER AND INPUT OPTION:
1 @)
1
1
,ff'll"lr""'d"'l'l'r't"l"'r"""fff,
/ READ(1,%) NANFILE,LIOPT /
,.........................................,
1
1
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.
/”ff”f’ff””"f”’f’"”””f”l””f’l\

< IF(IOPTEQ.2) GO TO 99¢ >

\......Q...........Q....................../

1 FALSE

1

1

/f’f’f”"’f”l‘Illll’ll’l’”f”””"’f’f/

/ WRITE(1,702) /
/................I...................Q.Q../

1

1---(702 FORMAT(” ENTER

1 CTRAVEL TIME THICKNESS IN 10THS

1 (OF SECON #2pS:7)

1

1

/l’f”ll’f’fflf‘lf’f”ll”f’ll’f’f’f’lf’l’/
/ READ(1,#+) 7T /

/........................................./

1

1-==[ BRANCH TO0 EXIT

1

1
s T=T/20. >

1

1--=0 INPUT EXPERIMENTAL GEOMETERY

I [PARAMETERS

1

1
/Illl"""""l"""f’f"’f’f’lf’f’l’lll/

/ WRITE(1,705) /
/........................................./

1

1---0705 FORMAT(® ENTER

1 [DEPTH:")

1

/Il""""""""”"”"’”""""""/

/ READ(1,*) IB /
/........................................./
1
1

/"f’f’f’f"’f’l’f’ff’f’f’f’f’f’f’f’f’f"'/

/ WRITEC(1,706) /
/........................................./
1
1-=-=[706 FORMAT(” ENTER
1 {AND RECEIVER DEPTH
1
1
/"""’f’l’l"ll”lllI’f’lll’lf’f’f’ll’f’/
/ READ(1,%) 2S,ZR /
/........................................./
1
1
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’"""""”""""'""l"""”"""',

/ WRITE(1,707) /

,...................................C.....,

1
1--—=[707 FORMAT(” ENTER SOUND SPEED )
1 (AT SOURCF OR RECEJVER = ]
1 [WHICHEVER IS SH #ALLOWER:") ]
1
1
,"""I"""'"""'""""""""""l
/ READ(1,*) S /
,.........................................,
1
1
,”""”""""""’"""""""""",
/ WRITE(1,708) /
,...............Q.Q.......................,
1

1---0708 FORMAT(® ENTER SOUND SPEED ]
I [AT THE BOTTOM OF THE WATER:") ]

1
1
/"t""'tfftftI’tt'll""""""l'l""',
/ READ(T,*) (1 /
/..l...l..............ll...C.C............,
1
l1-=-=-[ BRANCH TO INPUT OPTION ]
1
1
/000000000000"'00000'0f’tt"tt""t""t'\ TRUE
< 1IFCIOPT.EG.C) GO TO SCC P L e
\CCCCOOOOC..l....................l........,
1 FALSE
1
I===[ INPUT INVERSION PARAMETERS hj
1
1
,ltt"f’ttt"lllt""’"tt"""""""”,
/ WRITE(1,709) /
/C...CC.QQQ...‘.Q............l............/
1
1===[{7C9 FORMAT(” ATTENUATION ]

1 CCALCULATION y//y *° FOP A POINT 1

1 [BELOW THF CAUSTIC WHERF BRL CURVE?D
1 (1S NEARLY LINEAR,”/ *,° ENTER A 1
1 [LOSS,y FRFQUENCY AND ANGLE: (ANG=)
1 [aPPROX 20, FREGC = APPRO =X 200)7)
1
1
/ltfffttftffttfl"'lltl""’f’tt"tt""",
/ READ(1,%) DPLOSS,+FREG,THETA /
/..Q..........Q'QC.Q....Q.....Q..........Q/
1
1
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/"""‘""""""""""”""""""/

/ WRITE(1,710) /
/.................0...........0..0......../

1

1---(710 FORMAT(” ENTER LOW FREQ LOSS]

1 CLEVEL AT HIGH ANGLES s o/, * ° ]
CTHE MINIMUM LOSS LEVEL AT HIGH 2]
[CANGLES 4/, = ° AND THE FREQUENCY]
COF THE MINIMUM LOSS:") 3

bt bg Pt g

1

/""”"""""”"’O""’"""""""/

/ PEAD(1 4*) ALOSSO,ALOSSM,FM /
/................'......................../
1
1
/I"""""""I""""""""""""'/
/ WRITE(1,711) /
/..........l............................../
l .
1---[711 FORMAT(” ENTER ANGLE OF
1 CTOTAL INTERNAL REFLECTION, ./, #
{7 ANGLE OF CAUSTIC, o/ * °
[RATIO OF SPEED IN SEDIMENT TO
[SPEED AT BOTTOM OF WATER:")

[ S0V Iy WY WS o Wy Y )

et P e

I
/""""""l'"""'l"'l"""l""""/
/ READ(1,#)TIRyTHC,RATIO /
/........................................./
I
I

/""l"llllllllnlllllllllllllll"llll""\

< IF(THC.EQ.O.O) THEN demen | ecoccces 0
\eeososossosssssossvecssssoscssccscscssscscsccscsescs/
dada 1
1
1
/'llll"ll'lll'"l""l"""""""""'/
/ WRITE(1,712) /
e |
I
1--=-[712 FORMET(” ENTER GRADIENT AT
1 (TOP OF SEDIMENT:")
1
1
/Illllllllll"'""""""""'lIlll"ll'/
/ REED(1,*) G /
/osoeesssooesscssecssocsscsocsesossoscsscscscscscsccscsccl
1
1

g

S ENDIF P =<

1

1
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I""“"""”“”’"""""""”""",

/ WRITE(1,713) /
leoececsesscossscsosnesosscsoscescvssosossnocsncssnecel
I
I===0713 FORMAT(” ENTER CANONICAL
1 [CURVE YYPE AND ATTENUATION
1 [PROFILE GRADIE #NT:")
1
1

I""“"‘ﬂ""""‘l'""”"""””"",

/ FEAD(T4*) BETA,GAM /
I........................................./
1
1
/ﬂﬂﬂﬂﬂ"lﬂ"ﬂﬂﬂ"”""'ll"'ﬂ'ﬂ"”l"’l'l
/ WRITE(Y1,714) /
/............II.I.......I................./
1
I1===[714 FORMAT(” ENTER BASEMENT
1 [REFLECTION COEFFICIENT IN
1 [PRESSURE UNITS:” «)
1
1
/ﬂﬂﬂ'ﬂﬂ’ﬂ'ﬂﬂ'ﬂ"ﬂ"'l‘ﬂ"l“"'ﬂﬂﬂl"'ﬂ"’/
/ READ(T y»)REF /
/I.l............l........................./
1
1=-==[ OPTICNS AND ERPROR CHECKING
1

1
Iﬂ'ﬂ"'ﬂ"ﬂﬂﬂﬂ"l""""ﬂ"'ﬂﬂ'ﬂﬂ’ﬂl'ﬂ'll\ FALSE
< IF{(TIR,GTeCs +ORs RATIO LE. N,) decrcccccccaccaa 1
\............I..................I........./ 1
1 TRUE 1
1 1
o0 O 00 0 08 8 00 OO S0 PO DO SIS OO SO OSO OO OO OO O OSSO OODE PO I
: RATIC=1,/CO0S(TIR*PI/1&0,) g 1
:...............I.....I.....................: 1
1 1
0{=eeccccecccrcaccaccncccccccnccecnnceccecnacaa=
1

2 C2=C1*RATIO .
: Cx=(C? :

1

1===[ 1F GRADIENT 6 1S NOT SPECIFIED
1 [CALCULATE 1T FRO™ THE

1 [ CAUSTIC ANGLE, THC
1

I

s

(U I U R )

(U RS R U )

(U R U R}
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,"""”"’II"O""""'""'l"""""\

< IF(G.NE.D.) GO TO 300
\.0.0....O...O...O......................O./
I FALSE
1
1

/'l"l'l"""'l""l""ll"""""""'\

TRUE

FALSE
< I'(THC.LE.OC) b T T I

\.....................O..........'..'...'./
1 TRUE
1
® 0 0 00 0 00000 00 0000 DO G OSSOSO OSSO NSO PSEEOSEEEPOSEESEPSIETPOETPES TSI
5 THC=30
:................O..........................

1

R i e

I

® 0 0 200 00000000000 GO0 OCOOEOEeeOOOOEEEOSPSEESEEPESEESEEOSETPSOE O,
F 2 CALL GCOMP 5 3
1
0<-====m==~ D ittt -

C 3002 1
s CONTINUF 5
1
1

/"'"I'"""’""”'""""""""""/

/ WRITE(6,140) /
loessosososcncsconssossoscscsosscnsnscsccnsonl/
1
I--=-0 140 FOR™AT(//,8 INPUT DATAD,/) ]
1
1

/IIIIII"""’I‘I'III'IIIIIII"""’IIIII’/

/ WEITEC(642T0INNFILE,T /
/oeseoeosscsssecsonessssscssssscssscssosscocssel/
1
1-=-=-0 210 FORMAT(1X,14,/,0 T =80,F8,2)]
1
1

/""""'O"""""""""""""""',

/ WRITE(6,220)2542542R4CS4C1 /

/ooosecsosossscsssssscssscscsossscscsssssscscscl/
1
I--"( 220 FORMAT (D ZB=D'F8.2'D ZS=D'
1 (FEe24yB 2P=D,FB8.C+0 (S=D,F8,2,0D
1 [C1=p,F8,2 1)
1
1

/I"O’I"""""""'f"""""""""’/

/ WEITE(64,141)DBLOSS +FREG,THETA /

/........................................./

[ e }

J
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1

I-=-=[ 141 FOR™AT (D DBLOSS=B,fR,2,0 ]
1 [FREGQ =0,F8.298 THETA =0 ,f8,2) ]
1
1
I"""""""'l""""""""""""',
/ WEITE (S 4142) ALCSSDWALOSSKyFM /
looecovoooscssoossoscossesssssossssssssnessel
1
I“”[ 1‘2 FORHAT(U ALOSSO'“.PB.Z'E J
1 t‘LOSSqu'PEOZQH fM =B,F§,2) ]
1
1
I"""""""""'"""""""""""’
/ WRITE(L,14T)TIR,THC,RATIO /
/evosssosesssoonvsovssssensssnvsssosocsssccesel
1
I1=-==[ 143 FORMAT(D TIR =0,FR,2,8 THC ]
I  [9,F8e2,8 RATIO =8,FB8,4) ]
1
1-=-=-[ CHANGE DEGREES TO RADIANS B
1
1
o THETA = THETA=PI/180, :
. THC=THC*PI/180, =
: TIRSTIR*PI/1ED, s
1
I-=-=[ CALL ROUTINE WHICH CALCULATES 1]
1 {THE RE™AININGC ]
1 [ GEOPHYSICAL PARAMETERS FROM THE)D
1 CINVERSION INPUTS B
1
1
SO CALL GECOPY L
1
1
/"'l'l""""""'\
: 6O TO 499 fmmmeemeemecceemmcceeceeeo- 0
\.................../ L’
u
1 v
I==-<[ OPYIOMAL PBRANCH TO INPUT GEO- ] &
1 [PARAYETESS DIRECTLY ] U
1 u
R Ll L Ll Ll i el L X ol L ol e it
[ 5000 1 u
® © 060005 00 06 00006000 560 060 0 0 0 00060000 000 000 009000 90 00 L'
: CONTINLE : u
:...........................................: U
1 v
1
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,lllllll'l’l'll'Ollllll'lll'lllllllll'l"ll

/ WRITE(1,715) /
l..ooo.o..o..ooo.o.o..ooo...u..o....oo..o./
1
1--=-[715 FORMAT(” ENTER RATIO OF
1 CSPEED IN SEDIMENT TO SPEED AT
I (BOTTOM OF WA *TER:")
1
1

lll'llll'll'lll‘Olllllll'll'llllll'lll"lll

/ READ(1,%) RATIO /
,...............I.I.......................,
1
1

/lllllllll’llll’l’llllll'l'l'lll'l'lllllll/

/ WRITE(1,716) /

/esossssssss0s0ssevccsssssssnsnssssscsssscscel
1
1-=--0716 FORMAT(” ENTER GRADIENT AT
1 [(TOP OF SEDIMENT AND CANONICAL
1 [CURVE TYP *g:")
1
1

,lllllllllllllllllll’l4”””""”"””',

/ READ(1.*) G.BETA /
/.I.I..I....I...I..I...I.........I....I...,
1
1

llld‘ld’lllld’d"lllll4”””"”””””’/

/ WPITE(1,717) /
/eooeesoseossscssoscsssssossescsssosssssessoccoel/
1
1--=0717 FORMAT(” ENTER THIN LAYER
1 [DENSITY, SEDIMENT DENSITY AND

[SV W e

(U WV g S

]
]

[THIN LAYFR * THICKNESS IN METERS]

1
1 ")
I

I

’fdllll"llllll'll’lll lllll’llllllllll"lll

/ READ(T,%) RH2,RHZI,D /
/........l....ll..l-l...............l.l.../
1
1
ldllldllllllllllld'lll4llllllllllltlllllll,
/ WPITE(1,718) /
/...l.....l.ll.ll.l.l.............l.......,
1
1--=-[718 FORMAT(” ENTER SURFACE
1 CATTENUATION IN DB/M/KHZ:")
1
1

’4441411l441411‘1444444"4'4’44111111111",

/ READ(T1,+) ALPHO /

l.....l.....l..........Il..l..ll..........l
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1
1
/llllllllll"ll"llllllllllllltlllllllllll,
/ WRITE(1,719) /
/ll....l.l..ll.............00..........00./
1
1==-=[719 FORMAT(” ENTER ATTENUATION ]
1 [PROFILE GRADIENT AND BASEMENT ]
1 [REFLECTIO =N COEFFICIENT IN ]
1 [PRESSURE:") ]
1
1
/llllllll"l'lt'lllll'flllllllllllllllllll/
/ READ(1,%) GAM,REF /
/l.l.............00....0...0.0........0..0/
1
1
O 0 0 0000 0000000 000 B OO OSSO OO OEL BSOS SEESTDLOESTS BDS
: C2=C1+RAT]O .
- €2=¢2 .
:...........................................:
1
I==-=[ CALL A SUBRUUTINE WHICH ]
1 [CALCULATES aND PRINTS VARIOUS ]
3 [ CRITICAL ANGLES CHARACTERISTIC 3
1 [OF THE MEASUREMENT ]
1
({meecmcrcecccccceccccccnrcccacccccncaccccanman
[ 4o0] 1
T CALL CANGLE T
I
=== PRINT GFO-PARAMETEKS ]
1
1
Iflf'fllff'll'lI'l'llll"'l'l"ll'l"'llll/
/ WRITE(E6,145) /
I................I........................,
i
J===[ 145 FORMAT(//,u GEO-PARAMFTERS 1]
1 C./77) ]
1
1

I"""""""""""""""""fffff"/

/ WRITE(LZT1LEIPRTIOPH2PHI D46 RETE, /
/ ALPHD yGAF JEBZ,REF /
eceessssecssesscsesesessssosscssssssscssesscel

B!

J===[ 14¢& FOP¥AT(D RAT=D,FB.,4,/4,8 RH2]

B [c,FB.2,0 RHS:EQFS.?',' e p =n, ]
(F&.E./.“ G =°.F8.2.° BET=°'F802|]
[y 20 ALO=£,f0,2,8GANM=D,F11,5,/,2]
[BZ =EQFEQZQU EEF=E'F8.2) J

-==[ (CALL ROUTINES FOR FREGUENCY- ]
[CINDEPENDENT INTERMEDIATE ]

e 4 g 4 g 4 g a

122

o m T cCcEseSaecaceg et ececat es e e & c

SN AN N N N NI N NI N NN N I N N N N N N N NN NN NN NN PN NN NN IN N N N N NN N NN N

NONNN N RS N N NN NN



0 0 00000 000000000 GO O OSOE S OES PSS POSIEONOLIEOSINTDSODNSINPBSIOEOLOEPOSEDS PO
L CALL REFL 2
1
1
® 0 00 00000 0000000 B0 OSSOSO OISO POIOSIOEOEIONEOEPOCECOCEOPIPONPOPORPNOODS
e CALL REFR
1
1

: CALL BASE e

I

O MNNNMNNMNNNNMNNNNN

o
A
]
'
'
[}
]
[}
]
]
]
'
]
]
'
]
]
[}
]
'
]
]
'
'
|
[}
]
]
L
]
]
]

C 9991 1

I"”‘Il””””l"l\

5 RETURN :

\l................../
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0 00 0000000000000 000000000000000000000000000
\ SUBROUTINE GEOPY
\esessccsssccescsnsssssscssssccsasssnssssecel/
1
1
09 000000000000 00 0000000060 000600606006000000000
: COMMON ZBQZR.IS'C1'C2'C3'RH1'RHZ'RH3'G'D'
: ALPHO'CS'BZ'REF
: COMMON/DATA/LZERO,FZERO,L70,F70,TH?70,L71,
$ F71,DBLOSS,FREG yTHETALALOSSOALOSSM FM,
¢ TIR,THC,THRC,THTB ,BETA
5 COMMON /ALPH/GAM
< REAL LZERO,L70,L71
5 DATA PI/3.141592655/
1
1---[OMPUTE DENSITIES
1
1
000 000000000000 00000000000000060006000000000
Z1=C1*RA1

D=C1/FM/4
R=EXP(=ALOG(10.)*ALO0SS0/20)
23=(T+4P)/(1-R)* 71
R=EYP(-ALOG(10,)=ALOSSM/20)
22=(14R)/(1=R) 221222
12=SQRT(122)
SPRAT=C3/C1
PH2=227(2
RH3=23/C3

1

/

RHZ24RH3

1---[OMPUTE DISSIPATION CONSTANT

1 CALPHC
1
1
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THETA=ACOS(C2/C1*COS(THETA))

ES=SINC(THETA)

BC=COSCTHETA)
V3I2=(23-22)/7(23+422)
V21=(22=-21)/(€22+21)

AUX=L*DePI*FREQ/C1*SINC(THETA)
V=CARS((V21eVvI22CMPLX(COSCAUX),SINCAUX)))
JC1+4v21eyI22CHMPLX(COSCAUX) ,SINCAUX))))
T=CABS(1/(14V21ov3I22CMPLXC(COSCAUX) 4SINC
AUXY)) ) en2%16x72T2232(22/(71422)/C€22+423))
*2

AUX=10e2¢ (~DBLOSS/10,)~Ver?
AUX=AUX/T
ALS==ALOG10(AUX)I*10
Fr=FREQG/1000
S1G=G» (1+BE TA)Y*(C?2
AYU=(C2+(1+4BETA) ) #e?
ANU=BETA«C?2
ALPHO=ALS/FK=2*C2/G/(1+BETA) /RC*(GAM* (2w
2/2/S1G/BC**32 (PS=BS#*x3/3)+ (BETA®GAMe (2
2+2¢GAM®ANUSC2) /4 /SIG/LCee2* (THETA+BS*BC)
+(GAM* (ANU*#2-APU)42+RETA*GAMRANU®C2)/2/
SIG/BC*BS+BETA*GAMR (ANU**2-AMU)/2/S1G*
THETAR)
ALPHO=ALPHO/(RS/BCH+RETA*THETAI*G* (1+BETR)
*8C/2/C2

...........................................:

I
I

/'lll’lllll'll'lllll\

] RETURN H

\....-............../
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\ SUBROUTINE CANGLE /
Niosinioia eieinio,ie) o s o) efe [oles & .o alein ola o786 6% 600 0 800 ewie il
I
I
COMMON 2B42R¢2S oC14C24C3,RHT,RH2,RH3,G,D,

ALPHO,CS4BZ,REF
COMMON /ALPH/GAM
COMMON /T/T7
©$000000000000000000000000000000000000000O0CC0SS
I
I
COMMPON /DATA/ LZ2EROLFIEROLL70,F70,TH?0C,
L71,F71,DBLOSS s FREQ,THETALALOSSO,ALOSSM,
FM,TIR,THC,THRC 4THIB,BETA
1
b ¢
$© 0000000000000 00000000000000000000000000CO0SV
REAL LZEPO,L70,L71
I
1
DATA FI/3.14159264/ s
1
1
0D1=2.*2R=-2R=25 3

1

I1==--[ CALCULATE SEDIMENT THICKNESS ]

1
1
B=BETA
czP=2000
A=C2*(G*(1.4B)*T+1,4B*ALOG(C2))

e 601 1
C2=C2P+(A=CIP=-E*(2*RALOG(CIPI)/(1,4B*C2/
cze)

1

1

/”l”"””l”"""”l””"””""””\

< IFCABS(C2=-€7IP) L T..01) 60 TO 70 >
\"'I.‘""""'.""oo-o.oo.oooooo..oooo.,
I FALSE
1
1
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: c1rP=C2 :
1
1

X
X
:...........................................: x
X
X

IIIII"""’I’I"I"\ x

: Go 10 60 e cemccr e e rcn e — e ————— ST —

\...................,

C 7C0) 1
BIZ=((C24B*C2)##2=C2%22%(14R)»x2)/ (2%G* (14
B)*C2)
1
1=-=={ COMPUTE REFINED CRITICAL ANGLE ]
1
1
THRC=P1/4&

1
1

H CALL TOTCI > =
1
I-=-=-{ COMPUTE CRITICAL RAY DEPTH CRD )
1
1

s CAUX=C1/CO5CTHRC) =

CRO=((CAUX*RETAXCI)wdz=(CI*x(1+4RBETA))**2)

12/G/(1+BFTRY/C2 .
1
1---0 CALCULATE VELOCITY, VFLOCITY ]
1 [GRADIENT, AND ATTENUATION ]
1 [ CONSTANT AT DEPTH OF SOOC METERS]
1
1

BSPD=SQRT(2*CG* (148ETA)*C3I+50P4Cc3»#22(1+ :
BETA)*+2)-BETA®C3 3
PGRAD=C* (14RFTA)/ (RSPD/CI+BETA)
ALROT=ALPHD+GA¥*S0D

1

I-=-=-[ COMPUTE TWO WAY TRAVEL TIME IN ]
1 [SECONDS ]
1

1
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® 00 00000 000000000 O OOOOOOSLOOOLOLODOLOEONO®SOGEOLEOSOSGEOSEOSLEEOSEDONOSEOSDE
. TWYT=2»Y <
s SPRAT=CZ/C1 2
:...........................................:
1
I-==[ COMPUTE BASEMENTY CRITICAL
1 CANGLES TH1B,TH3B
1
1
® 000 00 0000 000000 DOOOOSOO OO OCOOEDOEOEDSOEDOSEOSESEOLIOSOSNEONEDOSNEOSEDOS® DY
CB=SART(2+G2(1+RETA) *CI«BZ+C3#22%x(14BETA)
2 %2)-BETA(CT
THIR=ACO0S(C1/(B)
TH3IB=ACOS((C3/CB)
F=DI/TANCTHIE) 42+C3«TAN(TH3IB)/G*(BETA/(
14BETAYI 2 (14 (1+THIR/SINC(TH3B)Y/COS(TH2IB))Y/
2/BETA)
1
I-=-=0 COMPUTE SMALLEST APPAPENT ANGLE]
1 CFOR BASEMENT REFLECTION
1
1
0 00000 000000000 OO OO SO0 00000 PO OO O OPNOEPL®EEONOPOS PN
THBE=ATANCDI/R) :
1
I=--=-[ CHANGE PRPADIANS TO DEGPEES
1

L B

L )

1
5 THE=THR+150/P1

= A=TIR*18(C/P1
AT=THC=*1t0/P]

R2=THRC*1ED/P]

A3=THIR*»1580/P]
1
1-=-=-0 PRINT OUT CRITICAL ANGLES
1
1

’lllllllll’lll’"”’l’l”””lllllll’ll’ll’

/ WRITE(E,1) /
’....................l....................’
1
1=--=-[ 1 FOPMAT(1X,//4s0 CRITICAL
1 [ANGLESE ,/)
1
1
,”””"’l'lll‘l’l’l’l"’l”’l’l'll”’l"’
/ WRITE(Ey11) A SPRAT (AT1,A2,THB A, TWTT,/
/ BZ+CRDL4EGRAD ,BSPDLALEOT,GAM /

’........................................./

be ee g
90 s0 99 00 00 oo

I

LD R W J

wJ
B B BN N S N B BN B B R B B N B B B B e
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£

9991

-
-

el bod Pl P Pl Pl et g Pt

I

=== 11 FORMAT(m TIR =B,F8,2,8 RAT =)
(4F8ebym THC =n,FB8,2,8 THRC =8,F8)
(2, 1/,8 THB =0 ,f8.2,8 THRB =8 ,F8]
[2. 2/.8 THTYT ‘UQFBQZQH 82z ==.F8.J
[2.“ CRD :n.F8.2.,. In G500 =n.F83
(2yo C500 =n,F8.2,8 ASOD =8,F9,3,)
[ GAM =B,F11,5) ]

/III""""""""\

PETURN :

\....C.....

I........,
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\ SUBROUTINE TOTCI /
\0.0.0..0.0.0..0...0...l................../
1
1
(AN B BN ENERENNNNENLENINEEEENEENENRNESNENENEENNENENNENNNNENN]
COMMON ZBoZR,ZS 4C14C2,C3,RHT1,RH2,RH3,G,D,
ﬂLPHUiCStBZtREF
COMMON/DATA/LZEROLFZERO,L?0,F?0,TH70,L71,
F71,0BLOSS,FREQ 4THETA,ALOSSO,ALOSSM,FM,
TIR,THC 4 THRC , TH1B ,BETA
REAL LZERO,L70,L71
1
I--=[ CHECK THAT €3 LESS THAN C? )
1
1

/lllIlllllIIIIII‘II'II"’III’I’I’I’II””'\ TRUE

< IF(CS.LE.CZ)GO T0 10 ISR esmeccmesni=s 0
\ceosesooscsosoosonsosssssssosssssscscscsosnsosel/
1 FALSE
1
1

llllllllllllllllllllllllll’lllllllllllllll/

/ WRITEC1,11) /
/0000.000000.00.00000.000..0.0.0..00..00.0/

1

I-=-=C 11 FORMAT(m C3 MUST BE LESS
1 CTHAN OR EQUAL TO C28)

1

1

i SR A G s st
2 STOP s

\.................../

R T L L T
LTI L TR T AT

g
QNN NNNANNNNANMNNNNNANN

R et
C 103 1

= P1=3,141592654 2

1
I-=-=-[ COMPUTE TIR=ANGLE OF TOTAL 8,
1 [CINTERNAL REFLECTION ]

1

1
Tir=0 :

I

1
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b_J
[}
[}
[}

v

» PP P E BB EBPEBIEEEDEREDRR

,I””””’I””I”’I”I'l”’lllllllllllll\

< TF(C2.LE.C1)G0O TO 100 PSS EESES Sale e S
\.........................................’
1 FALSE
1
1

G TIR=ACOS(C1/C2)

£ 100) 1

e CONTINUE

1
]=--=[ COMPUTE THC=CRITICAL ANGLE ( ]
1 [CAUSTIC) ]
1
1
PI1=3.,1415%2654
P12=pP1/2
DELT=P1/180
D1=2#*7B-2&k=12°5
02=2+C3/G
D2=sD2*BETA/(14BETA)
FAC=C3/(1
TH3I=ACOS(FAC*CCS(THRC))
R=D1/TAN(THRC)+D2*TAN(THI)* (14 (1+4TH3I/SIN(
: TH3)/COS(THZX))/2/BETRA)

I
1--=[ MINIMIZE EXPRESSION FOF RANGE 2

1 (RY CONJUGATE DIRECTIONS ]
1

1

b0 200 1=1,1000 :

1
1
0 0 0000 0000 000 000 GO0 000 OO0 SO0 LSO OSOOSETPSOEEGOSEEETS TS
3 AUX=THRC+DELT
00 000000000000006050606006000000000600000600000000
1
1

/IIIII”I"’I”"”"”l""""”""""\

< IF(AUX.GE.PI2)GO TO 500 demmemmeememmemeo 0
\........................................./
1 FALSE
1
1

/IIII’III’III”II”I"'l"""”"""""\

< IFCAUX.LELTIR)IGO TO 5CQ Pl
\......................I................../
1 FALSE
1
1

< NNN NN

N NN
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B E P E PP P TR E T T TS S RS B B B I IR I I I b B I I b I b b b

THRC=AUX
THI=ACOSC(FAC*COS(THRC))
RAUX=DI/TANC(THRC)+D2*TAN(TH3I) *» (14 (14TH3/

SINC(TH3)/COS(THI))/2/BETA)

' 1
| I

,"OOO'OOOOO"""""Ol"””l""”"lt’\ TRUE

< IF(RAUX.GT.R)GO TO 500 b R e L
\.........................................I

I FALSE

1

1
’.............................................
: RSRAUX 2
:...........Q.............................Q.:

1

1

,l""””"l"”’l'\

: 6o TO 200 B L P 0

\.................../

 sSc0) 1

X
©000000000000000000000000000000000600000060000S8 X
= R=RAUX S Y
B DELT==DELT/ S X
S0 00000000 0000000080000000000000006000006000000- X
1 X

1 X

b 4

PR A A AN AN A AN A ¥ A AN A JF 4 K A ¥ JF 4 JF A ¥ A 2 A JR JF 4 JF ¥ JF A 4 ¥ JF JF J¥ 4% J¥ 4
/ \ TRUE

< JIF(ABS(DELT)eLELT1.E=6) GO TO 999 PisiSsiee s oS saais e &
\........................................./

Y
I FALSE X
X

¢ 200 1

=i CONTINUE H
:................‘..........................:

1

1

/"lll"'l'l'll‘l"ll"Illlllll"'l"l'lll,

/ WRITE(1,1) /
/eoosesesescsossensoscscsscsccssssnssssosvsocses/
1
I-==[ 1 FORMAT(e CRITICAL ANGLE B,
1 [FAILED TO CONVERGER) 3
1
1

llllllllll"’l'lll'l\

STCP S

\.................../

132

NN N NN N NN N

<

DN INN NN N NN NNNNNNYN

>

PN NI N N N N NN N N N N N N NN NN Y NN N



1---[ BOTTO™ ANGLE OF REFRACTED RAY )

1 [AT CRITICAL ANGLE 3

I

R s e E S L ST
L 999 I

THC=ATAN(DI/R) g
CB=SORT(22G*(1+BETA)=C3xB82+(CI*(1+4BETA) ) :
*2)-BETA*(C3 :

THIR=ACOS(C1/CB) s
1
1
/"""””""""'\
S RETURN 5

\.................../
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O ¢ 00 000 00000 OO0 OO0 OO BOOHO OO O T OO OOO0 OO POPE OSSN
SUBROUTINE REFL /

\.........................................l

\

<

1
1

COMMON ZBy2ZR¢y2ZS eC14C2,C3,RHT14,RH2,RH3,G,4D,

ALPHO,CS,BZ,REF

COMMON/DATA/LZEROFZEROHL70,F70,TH?70,LT71,
F71,DBLOSS,FREQeTHETA,ALOSSO,ALOSSM,FN,

TIRyTHC,THRC,THTB,BETA

REAL LZERO,LL70,L71
COMMON /R/NSAP,RV21,RV3I2,RSIN2,RDTS,RDTR,

RT,RGI

DIMENSION RV21(90),PV3I2(90),RSINZ(OD),
RDTS(90) yRDTR(90),RT(9L),RGI(T0)

1

I G AR A R R N Y R R R R S R R AR
1 [tassastsdttttstttdtttttttat ittt
1 [tax J
1 [ RETURNS 1IN COMMON ]
1 [ NSAP=NSAP=SMALLEST ANGLEC(DEG) ]
1 [TO REACH SURFACE DUE TO SOUND ]
1 [PROFILE i
1 [ RV21,RVI2=REFLECTION COEFFICIEN]
1 (S FOR RESPECTIVE INTERFACE ]
1 [ RSINZ2=SIN OF GRAZING ANGLE 1IN ]
1 [HIGH SPEED LAYER ]
1 { RDTS,RDTR=RFFLECTION PATH DELTA)
1 [T FO® SOURCELRECEIVER RESP, B
1 { RT=TRAVEL TIME FORP REFLECTION 3
1 {PATH ]
1 [ RGI=GEOYETRIC INTENSITY OF ]
1 (REFLECTION PATH ]
1 [tasasrasrartrprrrdrtdtddrdatattds )
1 [t artpddddddddasppdrdtdidagraned )
1 [#2e J
1 L COMPUTE NSAP ]
1

1

P1=3,161562654 s
NSAP=1 g
1
1
/IlllI'll""l'l’llI'll'lllll"l"llllllll\ TRUE
IF(C1.GE.CS)GO T0 100 PE ST e S s ) e e e
\.........................................,

1 FALSE

1

1

a0 90 gp ae 00 o0 0 a9 0¢ 00 0o
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- SAP=ACOS(C1/CS)+180/P1
: NSAP=SAP+1

1

1

,""”""“’l"””""”"""“““”‘I

/ WRITE(1,1) SAP /
,....0...0................................,
1

I1===( 1 FORMAT(m SMALLEST ANGLE 70 b
1 (REACH SURFACE=D,F8,2) ]

ODONANINNNNINNNN NN NN

{ 1003 1

2 CONTINUE H

1
I---[ COMPUTE REFLECTION COEFFICIENTS])
1 [FOR ANGLES GREATER THAN TIR,SAP 1]
1
1
: NTIR=TIR*1R0/PI+1
: N=M2EXD(NTIR ,NSAP)
Z1=RH1*(C1
Z2=RH2 (2
23=RHI+ (T
DELT=PI/180
TH=(NSAP=-1)*DFELT
FAC2=C2/CH
FAC3I=C3/C1
FACS=CS/C1
AR=2+72R/CS
AS=2%2S/CS
01=2%28-2R=-12S
1
1
00 200 1=NSAP,90
1
1
TH=TH+DELT H
CTH=COS(TH) e
1
J]==-=[ SURFACE SCATTERING TRAVEL TIME
1 [DIFFFRENCES ]
1
bt

]
]
A%
.

> > B BT B> P PP BB
e oo os @

135



P R 2 . B B B I I I I I I 3 I 2 b 30 b I 1b 2 I 25 25 b 2 Jb 2 2b b b 4B 2 a2 b db I 2P Jb b 4

. S=SORT(1=(FACS*CTH) 222)
e ROTS(I)=AS*S
g RDTR(I)=AR=S

1

1

Illlll"'lllllll‘IlllllllllllllllIl’l'llll\

< IF(l1.LT.N)GO TO 200 decmccccncccccecnaa
\ooooooooooooooo.ooooooooooooooooooooooooo,
I FALSE
1
1--=-[ SINZ2 ]
1
I

2 PSIN2(I)=SQRT(T1=(FAC2%CTH) x»2) :
I
I-=<[ REFLECTION COEFFICIENTS ]
I
I
A1=21/SIN(TH)
A2=22/RSIN2(]1)
A3=22/SQRT(1=(FACI*(TH)I*%2)
RV3I2(1)=(A3=A2)/(A3+A2)
RV21(1)=(A2=-A1)/(A2+RAT)
I
I--=0 TRAVEL TIME ]
I
I
E=D1/TAN(TH) :
RY(I)Y=R/(CTH=xCT1) :
I
I-==[ GEOMETRIC INTENSITY(AMPLITUDE) )
I
1

RGICIY=CTH/R :

[ 200) 1

& CONTINUE .
) 1
1

/""Ol'lllll""’l'\
5 PETLRN :

\.................../
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SUBROUTINE REFR /

\.........................................,

\

1
1

COMMON 2B 42ZR 425 9C1,C2,C3,RHT1,RH2,RH3,G,D,

ALPHD ,CS B2 ,REF

COMMON/DATA/LZ2ERO G FZEROWL70,F70,TH7O,L71,
F71,0RLOSS,FREG gTHETA ALOSSO,ALOSSM,F¥,
TIRyTHC,THRC,TH1B ,BETA
COMMON /ALPH/GAM
REAL L2ERO,L70,L71
COMMON /B/BV21,BV32,BSIN2+.BTRF,BGI,BLS,

BT,PDTES,BDTR

COMMON /S/SV21,SV32,4SSIN2+STRF,SGI,SLS,

STySDTS,SDTR

DIMENSION BV21(%0),BV3IZ(9C),BSINZ (D),
BTRF(90),R61(90),BLS(90),BT(90),BDTS(90),

BDTF (90)

DIMENSION SV21(90),S5v3c(90),SSIN2(O0),
STRF(90) 4SGI(90),SLS(IC)4ST(I0) ,SDTS(90),

SPTP(9C)

® 0 000 0000 00000 OO DO OO O OO OO O OO OSSOSO ONDEIESEOSOOSOSOS
1
IR R R R R R R R R RN
1 [ A A A A A AR A A A AR R AR AT AR A AT A AN )

Pt bl bed bl bd b bd b b b ol bud bl ol bl bd D pnd ol @ bl Dl el bt Dl g

[ean B
[ FOR EACH SPECULAR EBOTTO™ ANGLE )
[PETWEEN THE ANGLE OF TOTAL
CINTERNAL

[ REFLECTION AND THE CRITICAL
[ANGLE THIS SUBROUTINE RETUPNS

[ (SMALL ROTTOM ANGLE PREFIX S,
[BIG BOTTOM ANGLE PREFIX PB)

[ V21,VI2=REFLECTION COEFFICIENTS
[AT INTERFACE

[ SIN2=SIN OF GRAZING ANGLE IN
[HIGH SPEFD LAYER

[ TRF=TRANSMISSION COEFFICIENT
[FACTOR

[ GI=GEOMETRIC INTENSITY

[ LS=ARC LENGTH OF RAY IN THE
[BOTTONM

[ T=TRAVEL TIVE

[ CTS.DTR=DELTA T FOR SURFACE
[REFLECTION FOR SOURCE,RECEIVER
[RESP.
[ttttittttttttttttttttttitttttttt]
[iiiiittiitiitttittttttttttiititt]

[enn )

(USSR WS R U B U S L S5 U B R SV R U U B R B R S e )
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A ST s s s st e >:
A
A
A
A
A 2
A
A
A
A

D3=2+C3/G*BETA/(1+BETR)

AMUSCI w22+ (14BETA) ¢ 22
D8=2+C3/G/(1+8ETA)/ALPHO
DO=-GCAM*CX**+2/S1G/6
DIO=(PETA*GAM*CI++2+4GAM*ANURCI*2)/4/S]IC

DI2=(CAMx (ANU**2-AMU) 4+ Z*ALPHO*SIG+2*RETAx

ANU=C22GAM)

DIL=BETA+GAM* (ANU*+2=-AMU)/2/SIG+EFTA+

ALPHC

o 168

138

PI=3,141592654
NTIR=TIR+180/P1+1
NTHC=THC*180/P1+1

N=NTHC-NTIR
DEL=P1/180
TH=(NTHC-1)*DEL
21=RH1=C1
Z2=RH2*(?2
23=RH3I (3
FAC2=C2/CH
FAC3I=C3/C1
FACS=CS/CH
SEST=THRC
BEST=THRC
D1=2*7R=2hr-28S
D2=2+(C3+%2/6/CH

D4=BETA/(1+EETA)/G
D7=1+BETA
pS=01/(C1
D6=2/CS
ANU=8BETA+C3
SIG=G* (1+BETA)*(3

p11==3+D9

127516

1
1

1
1

RTRF(1)=0

1
1

STRF(I)=0

1
1

e



A I B 20 2B 2B 2B I IR I 2 _ 2 1 2 I 2B 20 25 I BB I b 3B BB UB BB I BB _3b LN N LN _EEE N BB RN N I BN W BN S RS N

l
\4

: b0 100 1=1,N
1
1

: JENTHC-1
. R=DI/TAN(TH)
:.............l.l..l.l.....l...l..........l.
1
1
CALL REFRN(TH,SEST+BEST,SA,SA3,8A, s
8a3) s
1
1

/l""""l'l"l""'l'll""l""""""\

< 1F(EA.GT.THIB)GO TO 998 >
\.................................‘......./
1 FALSE
I
I

2 BC1=C0S ()
PEST1=CSQRY(1=-5C1#*e2)
BC2=FAC2*R(C1
BS2=SQRT(1-5C2*+2)
BC3=FAC3»B(C1
g BS3=SQRT(1-8C3x*?)

1

1---0 BIG ANGLE REFLECTION COEFFICIEN)

1
1

3 A1=21/R51 5
2 a2=2?2/RS? =
s A3=73/B5S3 :
s BVI2(J)=(A3=A2)/(A3+A2) z
5 BV21(J)=(A2=-R1)/ (A2+A1) :
2 BTRF(JII=16«AT«AIx(A2/ (AZ+A2)/(A2421)) %2
2 RSIN2(J)=8S? :

1

1---{ GEOMETRIC AMPLITUDE ]

1

1
: DRDY==-D1/RST1w*24D2*»(BST1/BS3/B(3»#2)*(1.4+
BAS*TAN(BA3) /D7) 2
EGI1(J)I=PCT/(R*RS1*ARS(DRDT)) =
ECICJII=SQRT(LGICI)) 5
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1
1--=[ ARC LENGTH |
1
I
BLS(J)=D8/BC3I*(D9/BC3##3+4BSIw#34p10/BC3»
BS3+(011/eC3++34p12/BC3)*BS3+(D10/BC3Iwn2+
D14)*BA3)
I
1--=0C TRAVEL TIME ]
1
1
BT(J)=DS5/7BST1+4D4*(ALOG((T1+48BS3)/(1-BST))+2+ :
BA3/BCI/BETA) :
1
1---[ DELTA T SOURCE RECEIVER 3
1
1
BSS=SQRT(1-(FACS*BCT)»»2)
BOTR(J)=DEXZR*RSS
PDTS(J)=DE*2SxBSS

L 9981 1
S SC1=Cc0S(SA) s
s : g
1

LaK 4 L4 - L4 L4 - L4 L4 L4

< IF(SALGT.THIB)IGO TO 999 e e G D
\.........................................,

1 FALSE

1

1
g AUX=FACS*SC1 H

1

I1--=[ 1F RAY DOES NOT REACH SURFACE ]

1 {NOT COMPUTED ]
1
1
L R e e e T RUE

< IF(AUX &GT1.)GD TO 999 > S e L

\.........................................,
1 FALSE
1
I1---[ DELTA T SOURCE RECEIVEP 8

1
1
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SSI=SQRT(1-SC3#*2)

1

H SSS=SQRT(1-AUX*%2) 3
s SDTRCJS)=DE*ZR*SSS .
b SDYS(J)=D6*7S2SSS s
s SS1=SQRT(1-SC1an2) s
s SC2=FAC2+SC1 e
s SC2=SQRT(1=SC2*%2) s
s SCI=FAC3I*SC e

I-==[ SMALL ANGLE REFLECTION ]
1 CCOEFFICIENT 3
1
1

. A1=21/581 s

s a2=122/7852 2

s A3=23/553 C

C SV3I2(JY=(A3=A2)/(83+A2) e

s SV21 () =(A2=-R1)/(A2%+A1) t

t STRF(JII=VTExAT*AT«(A2/ (AT+A2)Y/ (A2+21))*r2

g SSIN2(J)=5S2 :
1
]--=-C GEOMETRIC AMPLITUDE ]
1
1

: DRDT==D1/SS1#224p2*(SS1/SS2/SC3x22)x (14 g

: SAI*TAN(SA3)/D7) s

5 SGI(I)Y=sC1/(R*SS1*ARS(DRDT)) S

A SCI(J)I=SQPT(IG61WJI)) g
1
I=-==[ ARC LENCTH 3}
1
1

: SLS()=pB/SCI*+ (P9 /SCI*»+3+SST»234p10/SC3I+r

¢ SSI+(D11/SC3x23+4p12/SC3)*SSI+(DI0/SCIxx2+

: DI14)*SAT) 3
1
I--=-C TRAVEL TIME ]
1
1

ST(JII=C5/SST+D4»(ALOG((14SS3)/(1=-SSX))+2+
SA3/SC2/BETA)

[ ¢¢9¢9] 1
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©$000000000000006006006000000000006000606060060000600T0E0
A s TH=TH-DEL
A C 00 000 000000000000000000000000000000060000000
A 1
A C 1001 1
A ©0 0000000000000 0000000000006060600000006006000000S
"""""""""" : CONTINUE 3
S00000c0000c0cc00 s c0000 000 000000000000 0000 .
1
1
I“"""""“““‘\

: RETURN :

\...................,
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\ SUBROUTINE BASE /

\."'.'...'........'.'....................,

1

IEE I I R I s R R R R E R R R R R R R R R R R R R D)

1

g bt b b g bt g et pd Bt bt el bt bt et bed et et et

—t

ALPHO,CS,P2,REF

BSLS+EST,RSDTS,ESDTPR

BSOTS(90),ESDTR(S0)

REAL LZERO,L7

TH=P1/ ¢
21=RH1+(1
22=RHZ2*(2
23=RH3I* (3
FAC2=C2/C
FAC3I=C3/C

*2)-RETA=C3
3 FACR=CB/C

P1=2%2R=-2k=2S

02=2+C3*22/C1/G/

s 03=2+C2/G/(1+4BETA)
= DL=2/G/C(1+BETA)

e pS=p1/¢C1
s pé=2/CS

D7=2+*C2*RETA/G/ (14BETA)/C1

COMMON ZE4ZRy2S4C1,C24C3,RHT1,PH2,RH2,G,yD,

COMMON /DATA/LZERO,FZEROLL?0,F70,TH70,
L71,F71,DPLOSS,FREQ,THETA,ALOSSO,ALOSSHM,
FM'TIR .THC.THPC 'TH1B'BLYA

COMMON /BS/BSV21,E5Vv32,8BSSIN2,BSTRF,BSECI,

DIMENSION BSV21(90),BSV32(90),BSSIN2(90),
BSTRF(90) ,ESGI(90),B5L5(9N),BST(90),

COM™ON /ALPH/GAM
FI=3,1415%2654

NTIR=TIR*18C/P1+1
DEL=PI/180

FACS=CS/CH
CR=SQPT(2+G*(1+4BETA) *C3+BZ+((X*(1+PFETL))

[iiti*iitititiiiittitiiitiitiiiitJ
[xnn

C FOR EACH SPECULAR BOTTOM ANGLE
[SUB RETURNS

C BSV21,BSVI2=REFLECTION
CCOEFFICIENTS AT INTERFACE

[ BSSIN2=SIN OF GRAZING ANGLE 1IN
[HIGH SPEED LAYER

C BSTRF=TRANSMISSION COEFFICIENT
CFACTOR

[ BSGI=GEOMETRIC AMPLITUDE

[ BSLS=ARC LENGTH OFf RAY 1IN
[(BOTTOM

C BST=TRAVEL TIME

C BSDTS,BSDTR=DELTA T FOR SURFACE]
CREFLECTION fFOR SOURCE RECEIVER ]
[ttitiiiiiiititiitiiiiittiitiitti]
[*tiiittiitititttittiitiiiitiitit]

[xen J

DWW WU e YD

C.L71

1
1

1

(1+BETA)
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1

1~-={ THE FOLLOWING 2 LINES ADDED S/ )

1 [29/79 ]

I

1

DA=2+*C3/G/(1.+BETA)
PB=DA*BETA
ANU=BETA=(CY
SIG=6G* (14BETA)I=(C3
AMU=C3 2222 (14BETA) # 2?2
DE=2+xC3/G/(1+BETAY/ALPHD
D9=-GCAMx(Ix22/S1G/6
DIO=S(BETA*GAMACI»x224GAMANURCI®2)/4/S16
£11=-3+p9
D12=(GAMR(ANUR X 2=AMU) + 2 #ALPHO®SIG+2*8BFTA*
ANU®C32GAM)/2/S16
D14=BETA*GAM2(ANU%22=AMU) /2/SIG*BETA*
ALPHO
BSA=TH-1,E-6
TH3I=ACOS(FACI*COS(THIR))
R=DI/TANC(THIB)+D3/COS(THI) #2222 (THI/24(,
2S5+4BETA/2)-SIN(2*THI))
AUX=ATAN(DT1/P)
N=AUX=180/P1+1
N=G0-MAXO (N NTIR)
1
1

A===>: DO 10 1=1,90

A :...........................O...............

A 1

A 1

A ® 0 0 &0 00000 0 00 0 00O FS OO O SO BSOSO OO E SO OIS O ONEOSEESEVONDE PSS
A 2 BSSIN2(1)=0.0 C
A 2 esvi2(1)=0.0 2
A : ESV21(1)=0.0 =
A e BSGI1(1)=C.0 :
A :...............‘......‘....................:
A I

A [ 103 1

A e 9 0 0 00 0000 08 50 0 0 00 GO O SO OO S SO 0SS E S N S SN S0

..... . PSTRF(1)=0
1
1

A===>: D0 10N 1=1,N
1
1
J=90-1 .
FTH=TH=D tL H
1
I

> >
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® 0 00600 00000000000 00 0000000600000 000600600000800 00
: CALL BPASANG(TH BSA,8SA3) :
:.:..........O....Q......0.0.........O...O:..
I
1

/’""’"’"""""""l""""""""'\
i

< 1F(BSAZ.EG.0.0) 6O 1O 100 decocene i T g e o e
\...Q.O.............O.....O....O...0.0....,
1 FALSE
1
1
L B BN BN B BN BN N BN BN B RN BN BN RN BN N BN RN BN BN NN BN B BN BN NN BN BN BN NN BN BN BN B OB BN BN BN BN BN BN N
BC1=COS(HLSA)
BS1=SQRT(1=gC1%¢2)
BC2=FAC21B(C1
BS2=SQRTY(1-5(C2*%2)
BC3=FACI*B(C1
BST=SQRT(1=-8C3*»2)
BCB=FACB*B(C1
BSPR=SQART(1-BCB**2)
1
I---C DELTA T SOURCE RECEIVER ]
1
1
> AUX=FACS*BC1 s
1
I-==C 1F RAY DOFS NOT REACH SURFACE ]
1 [NOT COMPUTED ]
1
1

,'ll’l"""""""'l'l"""”"""""\

< IF(AUX o6T.1.)6G0 TO 999 Deeemecccecccencaan 0
\...........O...Q........................./
1 FALSE
1
1
: SS=SORT(1=AUX**2) .
5 eSDTR(JII=D6ExZR*SS H

S RSDTS(J)=D6*2S%SS

1
I===[ LAYER REFLECTION COEFFICIENTS ]
1
1

£1=21/851 s

(SN EP E E Y AR R I I N I I IR IR RIS IR I AR D N I N D B I b I A b B D B B b b b 2 b 2 J

: A2=22/857 b
. A3=23/B53 s
. BSV32(J)=(AT=A2)/(A3+RD) :
: ESVZ1(J)=(RA2=A1)/ (A2+AT) 0
: BSTRF(J)=16¢p1+A3x(R2/ (A3+A2)/(R2+4AT) )%
s 2 s
g ESSIN2(J)=RS?
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BEEREEEE R B B R I I P I I b I b Jb 25 b 2 Jb. b 20 b b 2 i 2 2 20 b 2 4

I
I-=-=0 GEOMETRIC AMPLITUDE ]
I
I
2 ESAB=ACOS (BCR) g
I
I=-=={ FOLLOWING & CARDS ADDED 5/59/7%9)
I
I
DRDT3I=DA*(BS3I/BCI*++3+(5SAT-BSAR+BS3+R(3~
BSB*BCB)+(1.,~-(CR/C3I)e+2+BSI/BSB))+DB/B(C3I*
(1./BCY¥-BS3*(BSB/BC3I+((B/C3)*x2+R(3/8SB))
DRDT==D1/FS1+224(C3/C1)*BS1/BSI*DRDT3
R=D1/TAN(TH)
BSGI(J)=PCT/(R*BS1*ABS(DRDT))
BSGI(JI)=SGRT(BSGI(JI))
1
I===[ ARC LENGTH ]
1
1
BSLS(J)=DE/RC2e(DO/RCI#+32(RSIenT-—nSpws)
+D1C/RCIww22 (ESI*RCI-BLR*BCB)+(D11/RCI2»
34D12/RC3II*(BSI-BSBI+(LI10/BCI*#w24D14)#(
BSAZ-BSARBR))
1
1-=-=[ TRAVEL TIME 3
1
1

: BST(J)=DS/PS14D4* ((PSA3I~BSAR)/BCI+BETA* 5
: ALOG((1+BS3)/(1-BS3)+(1-BSBY/(1+4BSBR)) /2) .
1
[ R T L ittt L i
L 100 1 X
® 0 0 0 60 00 0 0 00 0000 060 0000 O OO O SO O OSSO OSEDOSODSEDSOSTE FNDS X
-——- CONTINUE s X
:...........................................: x
1 X
0{e=ccccccmcmcnccccccccc e e r e cc e e e e e 0
C ©99] 1
/lllllllllllllllllll\
s RETURN s

\.................../
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SUBRROUTINE REFRN(TH,SEST,BEST,SA,SAZ, /

\
\

BA,BAZ)

/

\0.0.0...0...0...0.0..0.0.0..00...0...0.,

<

/

1
1

0 000600000 000000 5000000200000 POESIOGOEBLESIPOLIDLIOEOE TSI
COMMON 2B o2ZR¢2S oC14C2,C3,RHT4RH2,RH3,G,D,
ALPHO,CS,BZ 4REF
COMMON /DATA/LZEROLFZEROLL70,F70,TH?0,
L714F71,DBLOSSsFREQ,THETA ALOSSO,ALOSSHM,
FMoTIRTHC s THRC oTHIR ,BETA

REAL LZEPO,L70,L71

/........................................./

1
IEIIE R R R R R R R R R R R R R R TR
1 EEE R R R R R R R R R R S R R R R
1 [enn 3
1 £ GIVEN ]
1 £ TIR=ANGLE OF TOTAL INTERNAL ]
1 [REFLECTION ]
h{ [ TH=GRAZING ANGLE ]
1 [ SEST=ESTIMATE SMALL ANGLE ]
1 { BEST=ESTIMATE BI1G ANGLE ]
1 L RETURNS ]
1 [ SA=SMALL ANCLE REFRACTED RAY ]
1 C BA=BR1G ANGLE REFRACTED RAY ]
1 [*rtatdnddddddattdttttddddddddddsd)
1 S R R R R R R R R R R R R R R R R R R R 2R R RN R RN
1 [wees )
1
1
/lllllllllllllll‘llllll'llllllllllllllllll\ TRUE
IF(TH.GT.TIRIGO TO 100 P S OO O e D L
\......................I................../
1 FALSE
1 .
1
/llllllllllllll‘llllllflllllllllllllllllll/
WRITE(1,1) /
1
1-=-=[ 1 FORMAT(m SPECULAR ANGLE Of ]
)| [REFRPACTED RAY LESS THAN TIRE) ]
1
1
/llll‘llllllllllllll\
STOP <

£

1603

\..l.

......I./
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R T T T Y P E P P P P E R T T T T R R I 3 3 3

01=2#2B-2R-15
P12=3,14159265¢4
PI12=P12/2
02=2*(C3/C*(BETA/(14BETA))
03=1/(2+BETA)
FAC3=C3/C1
R=D1/TANCTH)
T3=ACOSCFAC3I*CUS(SEST))
VAL =D1/TAN(SEST)+D2#TAN(TI)#(14( 1473/
SIN(T3)/COS(T2))IaD3)=R
DEL=(SEST-TIR)/10.0001
3
I1-==[ COMPUTE SA
1
C 1023 1
b0 200 1=1,500 :
1
1

,Il‘""""""""'""""""""""'\

Nosososcsossssosssvsosssosessossvscsssesssssssel/
1 FALSE
I
1

= SA=SEST=-DEL N

1
1

/l"'fff4l""""""'l""'l""""""\

< JTF(SALLELTIK)GO TO 211 >
\..IIII........I.I...I..................../
1 FALSE
1
1
,l'l‘ll"""“‘"""'ll“ll"""""'"\
< IF(SALGELTHPCIGCO YO 11 >
\l..l...............00.l..................,
I FALSE
1
1

S TI=ACCS(FACZ*(0S(SA)) 5

e VALF=DT1/TANCSE D4D2*TANCTR)* (14 (1+4T3/SINC ¢
: TXY/7C0S(T))»p2)=R :
3 AUX=VAL® yALP z
= SEST=SA =
g VALZVALP
:I.......Ill....l0.00...'0.....0....0.0.000.:

1

1
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t 210

’llll
[
.

\....

t 211)

C 2003

TR SSET ETEE PR BB B I IS I I b 2 2 I _Jb 2P 4

/"”""”"”

/

/...............0

"l”

\0...

£ 2013

,"""""""’ """"""""'l""""\

\........................................./

TRUE

I FALSE

1

1
®0 06008 0000000000000 OOOONNDOSNDS OGS
DEL=-DEL/3 :
®0 0000000000000 00000000000 0,

1

1

"""""""'\

6o 10 200 {eeeccccr e cmcccmc e -

...............’

DEL=DEL/3 s

CONTINUE 5
1
1

"""’l"""""""""”

WRITE(1,2) /

.......i...i...i....ii.i./
1
l===[ 2 FORMAT(m SMALL ROTTOM
1 [REFRACTION ANGLE DOES NOT
1 [CONVERGEB®) ]
1
1

lllllllllllllll\
STCP .

.............../

[ RO )

SAT=T2 =
1
I--=-0 BA INITIALIZATION ]
1
1
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v
v
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LU
u
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U
U
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»
]
]
]
|

v

,,))))))bh))))))»)-h>>>>>))>>>>))>>>)>>))>>

T2=ACOSCFAC3+COS(BEST))
VAL =D1/TANCBEST)+D2*TAN(TI) 2 (14(1+T3/
SINCT3)/C0S(T2))*D3)=-R
DEL=(PI2-BEST)/10.0001
® 6 00000000000 000 00O O SOOI OILMNPILOIOIFOIDOIDIOBRONLIDRNEOLNEDOLDL
1
1-=-=[ COMPUTE BA
1
C 202] 1
b0 400 1=1,50C $
1
1

I'III"I'I'II"' ‘III"I"II"II"""’I"’\

< IFCABS(LEL)eLTo1.E-6) GO TO 401 >
\cooecscscsossscomssscccsssnsscsscsscssoncsscssscel/

1 FALSE
1
1

: BA=BEST+DEL 5
1
1

,"l'""III'III’I'IIII""II"”I"’IIIII\

< IF(BALLEL.THRCIGO TO 411 >
\.........................................I
I FALSE
I.

1
/'""""l'l""I'I"I'I"I'II'II""II'I\
< IF(BR.GE.PI2)GO TO 411 >
\!.DD.........D......l.D..................I
I FALSE

1
1

: T3=ACOS(FAC3I* (0S(BAR)) :
: VALPSDV1/TAN(BA D+D2+TAN(TX)#(1+(1+4T3/SINC :
: T3)/7CesS(TI))=p3)=p s
3 AUX=VAL*VALP g
3 BEST=BA S
3 VAL=VALP S

1
1

/""""'l"""I""'l"""f"’f’f""f\

< TF(AUX &6T.D)G60 TO 400 >
\D...DD.D............D...D.....DD........./
1 FALSE
1
L 4101 1
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B IR IR RN A BRI B 2D 2B b b b b _Jb B J

® 0 0 0000 00 00 00 0000 DO OO OO O OOOOSCEOSEOSIEGOSEOSEDOSOEOEOSIEOSNEOSEOSEDBPTOEOSNOLS PO U x
: DEL=-DEL/3 : u oy
:................‘..........................: U x
1 v X
1 v X
/Illl‘lt'lll’lllttll\ U '
: GO TO 400 {emmeececccececcccccea- vV X
\.................../ U x
v X
‘v x
0 ~rrrmcrrrrccnsecrcrccccccrcaccace= e - 0
L ¢11) 1 v
® 0 0 00 00000 00 000 SO OOO SO SO0 OSSO DSOESOEOSEOSIEOSLOEEOSEDOS” *NDS U
: PEL=DEL /3 : Y
:...........................................: U

1 RV
R T -0
[ 400) 1 '

s CONTINUE s

I
1
/ll””lll’l’f’II”””’I”’I"I”’”””’/
/ WRITE(1,2) /
,................0........................,
1
=== 3 FORMAT(n LARGE ROTTOM
1 [REFRACTINN ANGLE DOES NOT
1 [CONVERGE®R) 2
1
1
/"""""”””’l’\
: STOP :

\.................../

[

[ ¢«01) 1

s BAZ=T2 s
1
1

/l’l"""””f””’\

: PETURN =

\.................../
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\ SUBROUTINE BASANG(TH,BSA,8SAY) /
\..................00.................00..,
1
1

COMMON 2BoZR4y2S oC14C24CI3yRHT,RH2,RH3,G,D,
ALPHD+CS¢BZ,REF
COMMON /DATA/LZEROLFZEROLL70,F70,TH7D,
L714F71,DBLOSS FREQTHETAJALOSSO ALOSSM,
FM TIP,THC o THFC yTHIB,BETA

REAL LZERO,L70,L71

1

IRt e d R R AR RN SR RR AR R R R AR R AR R )
1 (R RN PR R R AR AR RN R AR R R AR R AR AR AR R ]

[enx

C GIVEN

[ BZ=SEDIMENT DEPTH

[ TH1I8=BASEMENT CRITICAL ANGLE
[ TIR=ANGLE OF TOTAL INTERNAL
(REFLECTION

[ TH=GRAZING ANGLE

[ RETURNS

( BSA=BASFMENT REFLECTED RAY
[ANGLE IN WATER

[ BSAT=BASEMENT REFLECTED RAY
CANGLE IN SEDIMENT

[(ra=n

bt bt bbbl b bl Pk el ped bl ped bbbt bmd bmd Ped

I

< IF(TH.6T.TIR)IGO TO 100 e e

\........................................./

I FALSE
1
1

/""""""'l""'l"'l"""""""”’l

/ WRITE(1,%) /
,................-......................../

1
1---[ 1 FORMAT(w SPECULAR ANGLE OF
1 [(RASEMENT RAY LESS THAN TIRD)
1
1

,llll’llll"ll'lll'l\

= STOP

\.................../

E lera I
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g D1=2+2B~-2R=-2ZS
P1=3.141592654
P12=P1/2
02=2+C3/6/(14BETA)

FAC3=C3/C1
CR=SQRY(2+G*(14BETA) ¢ C34B2+(C3¢ (14BETA) ) »
FACB=CB/C1
F=D1/TANC(TH)

BEST=BSA
AUX=COS (BEST)
THE=ACOS(FACB®*AUX)
THI=ACOS(FAC3*AUX)
VAL=D1/TAN(BESTI*D2/ (FACI*AUX) ¢ 222 ( (TH3~
PEL=P1/180
AUX=T1R
1
)

/"""""'l"'"""""””"'ll"""'\

= IF(THIB.GT.TIR) Deeecemcceeaeae 1

\l.......‘.........Q..O..Q..QQQQQ........./

1
I TRUE 1

1 1

® 0 0 00 0000000000 OO BEOO OO OO OO LHLOOOE OSSNSO OOSOSOSOSDS I
S AUX=TH18B : 1
1

1

:.........Q...........l......‘l.........‘...:

£ 10%) 1

/ll’lll”ll”l’l‘lll’l’l’l’l""'l’l'll"’\

< IF((BEST-DEL)«GTLAUX)GCO TO 102 b e g 0
\..........................0.0l........l../ X
1 FALSE X

1 X

1 X

® 0 0 000 00 00 0 00 0000 00000 0e O NeO SOOI OSPS OSSOSO TPOSESE OSNPETPOCDS x
DEL=DEL*,9 5 X
:.......................................QQ..: x
1 X

1 X

X

/"""""""""'\

% 6o 10 101 B I S A AR i et e, o R B

\-o-a.-o-o-o--ooooo-/
1---[ COMPUTE BSA ]

{ 1022 1
A==>: po 200 1=1,572C :
A :..............l............................:
A 1
A 1
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b D IR IR I 2 2 10 2k Ib_ID_J0_J5 Eb_Nb N 20 3b BB b 20 BB I _IB Eb BB 3B NB BB B ED _BE U BB 3B BN RN WL W N W S N SE S WS NS e

® 000000000 PO OOOO BSOS LSOIOSESEOSEOSIEOPIOIOOIEOPEOPEOEOIEOSPOSOEOIOEEOEEOSETOOS
= ESA=BEST-DEL s
:...l..............0.0..........0...0.....00:
1
1

LA AR AR A A A ¥ ¥ ¥ 2 4N ¥ JF JU & JF JF J¥ ¥ ¥ S & & 4 B ¥ A JF 2 4R A 2 & &% 2% 4
/ “77°\ TRUE

< IF(BSALLE.AUX)GO YO 211 deccrcrmcaccnnana

\..................................0..0...,

1 FALSE
1
1

LA A R R N A R A N A A N N A & A N Y Y AN EEEEEEEEEJ
/ “777°\ TRUE

< IF(BSA.6E.PI2)GO TO 211
\0..00..........'.0.............0.0.......,
I FALSE
1
1

AUX1I=COS(BSA)
THE=ACOS(FACB*AUX1)
TH3I=ACOS(FACI*AUXY)

VALP=D1/TAN(BSAY+D2/ (FACI*AUX1) 222+ ((THI=~

BAUX=VAL*VALP

BEST=BRSA
VALSVALP
© 2000000000000 0000000006000000000006000000000
1
1

< IF(BAUX 46T4Cs)G0 TO 200 decccccccca-

\.l.llllll..l..l.....l....ll.lll.l...l..l.,
1 FALSE
1
[ 2101 1
: DEL=-DEL/3 :
1
1
/0’0"’0’0”””"”’lllll"’l”llllllllll\ TpUr
< IF(ARS(DEL) LT1.,E=6) GO TO 201 Dim i &
\.ll..l..l.....l.....l.l.‘...l.l........../ U
1 FALSE v
1 v
1 v
/l’fl‘llllll’ll’llll\ U
: Go 10 200 I e e AT, ST s S S et
\...l...lll........./ U
l_l
t

C 2111 I U
0 06 060060006060 06060 06060 0000000 0006060600000 00000000000 U
s DEL=CEL/Z 5 (s
:...llll.....llll.l.....l.l................l: U
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A € 2001] 1
A ® 00 000000000000 0O OO OOOOOOIOELOOLEPLEOLEOLEOLELEOSIOSEEOSIEDOSEDSPOSONOSS
=i CONTINUE

1

1

: PSA=P1/2.0-1.0€E=6 o
. TH3=0,0 S

1

I'l"'l'l'lll'l‘l”'l’"lll""'lll'll'l'l/

/ WRITE(1,2) /
/........................................./
I
1=~ 2 FORMATY(n BASEMENT ANGLE DOES 1
1 [NOT CONVERGE®) ]

t 201) 1
: BSAZI=THZ t5
1
1
/'l'ldl"'l'lll'll"\
2 RETURN H

\....’............../
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SUBROUTINE LOSS(JJ) /

\.........................................,

\

1
I

COMMON ZB,2ZR42S4C1,C2,

ALPH9,CS,BZ,REF

COMMON /DATA/LZERO,FZERO,L70,F70,TH70,
L714,F71,0BLOSSy FREQ,THETA,ALOSSO,ALOSSP,
FMyTIR,THC,THRC yTH1P ,BETA
COMMON/AL/F(6),
COMMON /R/NSAP,RV21,RV3I2,RSINZ2,RDTS,RDTR,

RTyRGI

DIMENSION RV21(90),PV32(90),RSIN2(OD),
RDTS(O0) yRDTR(90),RT(90) ,RGI(90)
COMMON /B/BVZ21,BV32,BSIN2+BTRF,BGI,BLS,

BT.BDTS,BDTR

COMMON /S/SV21,SV32,SSIN2STRF4SGI,LSLS,

ST.SDTS,SDTER

DIMENSION BVZ1(90),BV32(90),8SIN2(90),
BTRF(90),B6GI(90),8LS(90),BT(90),BPTS(90),

BDTR(9D)

DIMENSION SV21(90),SVv32(90),SSIN2(90),
STRF(90) 4ySGI(G0)4SLS(PU) 4ST(90) ,SDTS(90),

SDYP(GQ)

COMMON /BS/PSV21,BSV32,BSSINZ2,.BSTRF,BSGI,

BSLS+PSTLESDTS,RSDTP

DIMENSION ESV21(90),BSVv32(90),BSSIN2(90),
BSTRF(90) 4BSGI(90),RSLS(90),BST(9M),

BSDTS(90) ,eSDTR(9C)

COMPLEX AUX99,VLAIM AUXT,AR(TE),,PH(16)

DIMENSION

REAL LZEFPO,L70,L71

C3'RH1.RH2.RH3'G'D'

ALOSS (6,90)

B8R (&)

1

G R EEE A XA L R E RS S R S R R R R 222 R R 2]
1 G XE RS R R R R R R R R R SRR R
1 [#ws 7
1 [ THIS SUBROUTINE COMPUTES ]
1 [APPARENT LOSS DUE TO PROPAGATION)
1 SRR R R R R R A R R R R X R R R R
1 SRR A R R R I R R R R R R R
1 [#22 )
1

1
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|
[}
[}
]
[}
]
[}
)
]
]
[}
]
|
]
)
v
0 g0 &

3 IR NN B R I I I B I I I I NI I I S

D DMO DDV MMMDMDM™DMDMDD
o 0o 00 se @

PI1=3,141562¢654
ALPHO=ALOG(T0.)/74/P1710000*ALPHS
EX=ALOGI10(EXP(1,))
P12=2*F1
AImM=CMPLX(0ee10)
SQRT2=SQRT(2,)
F1=F(JJ)/SQRT?
F2=F(JJ)*SART2
FPIZ2D=4 ., *PI*F(JJ)*D/C2
NAVI=E
FPIINC = FPIZ2D*(SQRT2-1,0/SQRT2)/NAV1
FPIIN=FPIZP-(NAVI-1)*FPIINC/?,
NTHC=THC*130/P1
N=90=NTHC
L B N BN BN BN BN BN BN BN BN BN BN BN BN BN N I I N A N NN N N N NN N NN NN NN NN RN NN
I
I1---[ COMPUTE LOSS FOR
1 CCRITICAL (CAUSTIC
I
I
O 0 0000 0000000000 Q0 VOSSOSO O OSSOSO OSOLISEDSDPISIEDIDOODS
te 10 1=1,90
1
{ 10) 1
ALOSS (JJ,1)=25.
I
1
D0 100 1=1,N
1
I
J=01-1
FPIAUX=FPIIN
AUX=0,
1
I
pC 20 NAV=1,NAVI
I
1
ELPH2=FPIAUX*,SIN2(J)

C=COS(ALPK?2)

S=SINCALPH2)
VVS(RV2VI(II4RVI2(JII*C) 222+ (PVYI2(J)nS)#2?
VVEVV/CCT4RV2ICII*RVIZ2(J) 2 () ne2+(RV2I(J)»
RVI2(J)*S)»»2)

AUXSEUX+VY
FPIAUY=FPIAUX+FPIINC
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b 2 35 3 b B 2 I 25 3 b 1 I B 0 2 B 2B I I I b 25 I I Jb B 25 2 25 3> 25 25 _Eb b b 2B 2B Jb Jb B B 2 0 0 B 2 I 2D 2 2 2 3 J

1
C 201 1
: CONTINUE :
1
1
VV=AUX/NAVY
OR=PI2#RDTR(J)
DS=PI2*RDTS(J)
RUX=DR4+DS
DT=SINCF2*AUX)=SIN(F1#AUX)
DT=DT/AUX
AUX=DS=DR
DY=DT4+SINCF2*AUX) /AUX=SINC(FI*AUX) /AUX
DY=DT=2#*(SINCF2#DS)~SINCF1+DS))/DS
DT=DT=-2+(SIN(F2*DR)=SIN(F1%DR)) /DR
DY=DT/2/F1+1
DT=VV*DY
ALPH2=FPI2D*BSSIN2(J) /2

C=COS (ALPH2)

S=SIN(ALPH2)
VEBSTRF(J)/CMPLX((14BSVI2(J)*BSV21(J))*C,
(BSV3I2(J)*BSV21(J)=1)%5)we?

VV=CABS(V)*BSGI (J) *REF

AUX=0
1
1
,f’lf’l’llllll’l‘llll'l'l'lll’l’lf’l""l'\
< IF(VV.EQ.0.)G0 T0 120 >
\..l.........ll.....ll.l..............ll../
1 FALSE
1
1
: BR(1)=vV 2
5 PR(2)==-VV 3
. BR(3)==VvV s
. BR(L)=VV :
s V=CMPLY(BST(JS) ,ALPHO*BSLS(J)) s
s PH(1)=pPpI ry s
H PH(2)=PI2»(V+3SDTS(J)) 5
. PH(3)=®I2x(V+SDTR(J)) .
3 PH(L)=PI2+x(V+BSDTR(JI+BSDTS(J)) 2
S v=0 s
1
1
>3 00 110 x=1,3 :
:0..0000000.00000.00.....0.0.00.....000..0.0:
1
1
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)))))P)))))))))))))D))))))))))))))))))))’)),))))))’))

O™ DM DMOMMMDMD®DDPDODPOODODOMODODO®DODDODDODD oD

(o]
[}
L]

v

alaNalaNalaNaEaNaNaNaNalaNaNaNalaNe e lele e el

5 NASK+1 ¥
C 0 00000000 0000000000000000006000000000000000CSL
1
1
2 0O 110 L=NA,¢ :
00 000000000000 00 PO LCLEROOIOIOEOROCOROEROOCOROROO0O0 OOF

1

1
AUX=BR(K)*BR(L) :
AUXT=(PH(K)=CONJG(PH(L)))»A]INM 2

1

1

/""'l""'llI"l"'"llllllllllll"""'\

< TIF(REALCAUXT)*F2.LT.~40.)G0 T0 110 >
\...............’........................./
I FALSE
1
1

V=V+AUX*(CEXP(F2*«AUXT1)-CEXP(FI*AUX1))/
AUx1

L 1102 I

''''' s CONTINUE :

1
1

s AUX=2¢+REAL(V)

S AUX2==2+PI2+ALPHO*RSLS(J)
1
1

,""""""""""" """"'l""""'\

< IF(AUX2+F2.LTa=400)CGO TO 12°7 >
N A §
1 FALSE
1
1
AUX=AUX+4L* (EXPCF2+AUX2)-EXP(F1*AUX2))/ 2
: AUXZ2#BF(1)#%e2 3

1203 1
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DT=DT+AUX/ (2*RGI(JI)**2/F1 :
ALOSS(JJ,J)==10.+ALOGT10C(DT) :

1

C 1001] 1

------ : CONTINUE 3
1
1
2 NMAX=91-N .
1
=== COMPUTE LOSS FOP AMGLES BETWEEN]
1 CTIR AND THS ]
1
1
NTIR=TIR*1B80/PI+1 2
N=NMAX=NTIR :
1
1
g D0 200 1=1,N
1
1
: JENMAX-1 S
1
1

< JF(J.LY.NSAP)LO TO 800 P At el S I S Lt
Veeooeososssosssossecssssscsssesccccssscssoccel

1 FALSE
1
1---L COMPUTE REFLECTION COEFFICIENT )
1
1---[(OMPUTE FREG AVERAGE ABSOLUTE B
1 CREFLECTION ]
)|
1

»
]
]
]
1

v

: FPIAUX=FPIIN S
s AUX =0 3
1
1
==t DO 130 NAV=T,NAVI d

e T rEEB DI EEEEPEPEDDPEIDIDPEEEDPP

™ D
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D@ ODODDEO@DDDODODODDDD

I TS B RS I I IR I A IR I IR I A I I N I I I b S S I B B I B B b b R I AP P b b b b gb 2 4

1
1

H ALPHZ=FPIAUX®RSINZ(J) :
L C=COSCALPNHR) 3
H S=SINCALPHZ) H
: VV=(RV2YI(JI)4RVIZ2(JI)*C) #2224 (RVI2(J)eS) w2 ¢
: VV=VV/C(T14RV2TI(I)2RVI2(JII2C)x224(RV21(J)x ¢
: RVI2(J)S)ee?) s
2 AUX=AUX ¢+VV 4
2 FPIAUX=FPIAUX+FPIINC s
b
£ 130) 1
s CONTINUE 2
1
1

VV=AUX/NAVA
ALPH2=FPI?2D*RSINZ (J)

C=COSCALPH?)

S=SINCALPH2)
V=CMPLX(RV2TI(J)+RVIZ2(JII*C4RVIZ2(JI)*S)
VEV/CMPLXCT4RV2TI(JII*RVI2(II*CLRV2TI(I)*
RV32(J)*S)

VEV/CABS(V)*REGI(JI*SQRT(VV)
ARCY1) =Yy
AR(2)=-V
AR(Z) ==V
AR(L)Y=V
PH(1)=PI2%RT(J)
PH(2)=PI2*(RT(J)4RDTS(J))
PH(3)=FI2*+(RT(JI+RDTR(J))
PH(L)=PI2*(RT(J)4RDTR(JII+RDTS(J))
1
I1--=f COMPUTE BIC TRANSMISSION ]
1 {COEFFICIENT ]
1
1
AR(S)=
AR(AI=(
AR(?7)=0
AR(®)=(

1

1
l""""""""I""’"""""""""’\ TRUE

< IF(BTRF(JI).EQ.0.)GO TO 205 FESiie el ol i el

\ll.......................................l

1 FALSE

1

1
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/ \ TRUE
S—

< IF(RT(J).LT.RT(J)IGO TO 205 decccrrccacaa 1
\eooocecsssscsccsovocsccosonsevsnsssvossssvoascel
I FALSE
1
1
ALPHZ2=FPIZ2D*BSIN2(J) /2

€C=C0S (ALPH2)

S=SINCALPHZ)
VEBTRF(J)/CMPLXC(T1+RV3I2(J)*BV21(J))eC,(
BV32(J)*BV21(J)=1)aS)xs2

Y=V+BGI(J)
AR(S)=v
AR(6) =~
AR(7)==-Vy
AR(8) =V
V=CMPLX(BT(J) ,ALPHO*BLS (1))
PH(S)=PI2*V
PH(6)=PI12«(V+BDTS(J))
PH(7)=PI2+(V+5DTR(J))
PH(8)=P]2+(V+BDTS(J)+BDTP(J))

E 2853 1
L 2N BN BN B BN BN BN BN CBE BN BN BN BN BN BN BN N BN BN B BN BN BN BN BN BN BN NN BN BN BE BN BN BN BN BN NN BN BN BN BN BN W )
CONTINUE .
1
I-=-[ COMPUTE SMALL TRANSMISSION b)
1 [COEFFICIENT D)
1
1
ALPH2=FPI2D*SSINZ(J)/2

C=COS(ALPH2)

S=SIN(ALPHZ)
VESTRF(JII/CMPLXC(T4SVI(J)*SV21(J))=(C,(
SV3I2(I)eSy21(J)=1)2S)xx2

==VY*SGI(JI*AIM

: AR(G)=vy

: AR(ID) ==V &
AR(11) ==V s
AR(12) =V

VECMPLX(ST(J) s ALPHO2SLS(J))
PH(O)=P1I2¢V
PH(I0) =p12+(v+SDTS(J))
PH(11)=plI2x(V+SDTR(J))
H PH(12)=PI2+(V+SDTS(IIESDTR(JI))

O M > 3 > X > X > > > > M > > M X X X X M X X < >

b I 20 3B BB 2B _2b Bb_Bb I 2B I b I SR I B __E 1 25 2> 25 15 35 25 25 b 2 Jb 30 25 2 2 Jb 2B I b B B B B I I I Ib 25 I 35 I I I 35 I 3

1
1--=[ COMPUTE BASEMENT RAY TRANSMISSI]
1 (N COEFFICIENT ]
1
1
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———

))))))D))')’)))))bb))))>)>)>)))>)’)‘)‘))))))))))))))))))),

MMOMOD™DODDmMMM®D®DM™mMMDDMMMOMMMOOD™D®EODD®™MD™D® DDV OO MOD

C=-==>

e lalalaNalaNeslalalaNaNaNaEaNaNaNaNalNale e Ne le M

ALPH2=FPI2D*BSSIN2(J)/2

C=COS (ALPH2)

S=SINCALPH2)
V=BSTRF(JI/CHMPLX((T14BSV32(J)*BSV21(J))=C,
(BSV32(J)2BSV21(J)=1)25) 24
VEV*BSGI(J)*REF

AR(13) =V
AR(14) ==V
AR(15) ==y
AR(16) =V
VECMPLX(BST(J)  ALPHD*BSLS(J))
PH(13)=P]2*V
PH(14)=PI2#(V4+BSDTS(J))
PH(15)=PI2#(V+BSDTR(J))
PH(16)=P122Ev+BSDTS(J)+BSDTR(J))
v=0
1
1
DO 210 K=1,15
1
1
NA=K+ 1
1
1
DO 210 L=AA,16 :
1
1
AUXPO=AR(K)*CONJG(AR(L)) 2
1
1

,"""""”""""”""""”""""'\

< IF(CABS(AUX99).,EQG.N.)GO TO 210 >
\........................’................,

I FALSE
1
1

= PUX1=(PR(K)I=CONJG(PH(L)))*AT™ s
1
1

,”""""'"""""""""”"""""\

< IF(REALCAUX1)*F2.,LT.-40)G0 T0 210 PlsEl=sssmee

\.........................................,
1 FALSE
1
1
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NN N N B RS R B B B B I I B D b 2B b b Jb 22 b 2 Bt b B B 3B B 3B B 35 Jb b Jb _Jb _Jb b 2

MMO®OD®DD ™D
2 RalaBakaKaKala

D OO O 00O 0O 0O 00 0 00O DO OGO OO OO OOEOEOEOOEOSOOEOOOSEOOLEOSOEOSOEEOSEOS OO
H V=EVSAUXOO 2 (CEXPCF2*AUX1)=-CEXPC(F1*AUX1))/ S
s AUX1 H
, 1
' °<-- -------------- - e e e
L 2101 1
g CONTINUE
:.....O.....................................
1
1

: AUX=2+REAL(V) ~

1
1

/""""""""""O'""""""""’l'\

< IFC(CARS(ARP(13)).,EQ.0.)G0 TO 209 >
\cooooscoscoscsescscsocsscsccsccssscscsscsscscsscsssoscel

1 FALSE
1
1

- AUX2==2+P]12+ALPHO*BSLS(J) 5
. :
1

/"""""'l"'"""""""l"""""'\

< IF(RUX2®2F2,LT.=-4U)GO TO 209 >
Nevecsoccocscsossssesccsssvscsnnsosssvssnccnssnasel
1 FALSE
1
1
S AUXSAUX+4L* (EXF(F22AUX2)=-EXP(F1*AUX2))/
: AUX2*CABS(AR(13)) =22

{ 20%) 1
AUX2==-2¢PI2*ALFHO*BLS(J)
AUX2==2+PI12*ALPHO*BLS(J)

1
1

/"""'O"l"""""’l"""""”"’l"\

< IFLAUX2*F2,LT.=40)G0 TO 211 >
\........................................./
I FALSE
1
1

/"""""""'"""l"""""’""""\

< IF(CABS(AK(5))EG.0.)GO TO 211 >
\........................................./
I FALSE
1
1
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b I B BB 3 2B 3B 3 R BB B B IR IS IR I IR I B 2.2 0 1 B I I b 20 15 I IR _Eb I b I8 2b b 2 35 _3b _3b _Bb 3> b 35 2 _Jb _Jb 3 4b 2B 2 S

o AUXTAUX+&* (EXF(F2#AUX2)-EXP(F1#AUX2))/
 AUX2*CABS(AR(S))##2

C 2112 1
s AUX2==2+*PI2+ALPHO*SLS(J) :
: :

1

,'0'00"""""““‘d‘l"""""""""\

< IFCAUX2#F2.,LT.=40)GO TO 212 >
\.........................................,
I FALSE
1
1

,ll"ll""""'"""l"""""""““‘\

< IF(CABS(AR(9)) ,EQ.0.)G0O TO 212 >
\0......0...0.0..0...................0....,
1 FALSE
T
1
AUXZAUX+L* (EXP(F2*AUX2)=-EXP(F1+AUX2))/
AUX2#CABS(AR(G) ) »»?

£ 212) /|

: AUXZAUX/FT144*CABS(AR(1)) w2 :
I
1

/"""""""'""""“"""'""""'\

< TFCAUX «GT.N)GO TO 213 >
\........................................./
1 FALSE
1
1

3 ALOSS(JJ,Jd)=25, 5

1
1

/"""""""""'\

t GO 70 20°C G e S

\.................../

145
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ALOSS(JJ4d)==10*ALOGIOCAUX/ (2, *RGI(J))2n
Z) e

e e e

0Commmmcmcccrcccaan —mem==0
{ 200 1
------------------- : CONTINUE
1
{ 7001 1

» > I I

® 0 0000 00000000000 DGO OOSOSSOOESIOSOEOSISIEOSEOSEOSESESIEOSOOSEOSBSOEPOSODS
s N=J=1
H NA=)

1

1

00 701 I=1,N

...0......0...‘00.....000..00.0.0..0....0...

1

1

JeNA-] 2

..000..0..0.0.00.0..0..t..............o....:

1

1

/""""""""ll"'"""""'l'l""l'\

< IF(JJLYLNSEPIGO TO 999 decwoe-
\.............00....0.....................,
1 FALSE
1
1
H DR=PIZ*RDTR(J) g
2 OS=PIZ2*RDTS (J) :
3 AUY=DR+DS 5
. DYT=SINCF2*AUX)=-SINC(FIxaUX) 5
: pT=0T/AULX 3
s AUX=DS-DR 5
: DT=CT+SINCF2#AUX)/AUX=SINC(F1*AUX)/AUX
DT=0T=2*(SINC(F2*DS)=SINC(FI2DS)) /DS
T DT=DT=2* (SIN(F2*DR)=-SINCF12DR))/DP
g DY=DTY/2/ t1+1 s
ALOSS(JJI M) ==10,*2L0G10(DT) S
1
C 7012 1
------------------- . CONTINUE
1
1

/""""""l"'l”\
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it

;

C 8003 1

<

N=J-1
NA=J
1
1
DO 801 1=1,N
© 0000000000000 00¢ 000000000000 000006000600600000
1
1
JENA-]
1
I

/"""""""'"”"’""""”"”””’\

IFUJLTNTIRIGO TO 999
\........................................./
I FALSE
1

1--=0 COMPUTE BIG TRANSMISSION

1 CCOEFFICIENT
1
I

ALOSS(JJ,J)=25.
ALPH2=FPI20*5SIN2(J)

C=COSC(ALPMHZ)

S=SINCALENZ)
VERTPF(J)/CMPLX((T1+4BVIZ(J)I*BV2T1(J))I*C,(
BVIZ(JI*BVZ2T1(J)=1)*S)nx?

v=Vv+*BGI (J)
AUXI=CABS (V) aw?

<

I

I
/"'l""'"""""""""""'l”"""\

IFC(AUXT,EQ,0)GO TO 801

\........................................./

I FALSE

1

1

>

DR=PI2*RDTR(J)
pS=pP12*BDTS(J)
AUX=DR+DS
DT=SINCF2*AUX)=SINC(FI1*AUX)
DT=DT/AUX
AUX=DS=DR
DT=CT+SIN(F2+RrUYX) /JAUX=SINC(FI*R_AUX)/AUX
DT=CT=2* (SIN(F2*DS)=SINC(FI*DS)) /DS
DT=0T=-2*(SIN(F2*DR)~SIN(F1*DR))/DP
DT=0T/2/F14+1
AUX2==2*PI2*ALPHU*BLS(J)*EX
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1 X
1 X

,lllllll'llllllllll'lll'l"ll"ll"l'll'l'\ TRUE

< JF(AUX2*F2.,LT.-40,)60 TO 801 PR e
\........................................., x
I FALSE X

1 X

1 X

® 0 0 00000 000000000 B0 OO O DO OONDOONOSEOEOSLOLEPOEDRPEOIEOEOLEOEDES”POSENSTDSDOSODS x

ALOSS(JJ3d)==102(AUXZ+ALOGIOCAUX3I*DT/RGI( X

JIxe2)) X

[ I BN N BN BN BN NN BN BN BN BN BN BN BN BN NN I BN BN BN NN BN NN N BN BN BN BN BN BN NN N NN BN NN BN BN BN NN BN BN NN ) X

1 Y

1 X

X

X

X

X

X

X

X

X

X

,l"'ll"llll"l‘llll'llll'l'llllll"lllll\ FALSE

< IF(ALOSS(JJ'J)'GT.ZS.) dermccccccccaccans 1
\ooooooooooooooo.ooooooooooooooooooooooooo/ 1
1 TRUE 1

1 b{

00000000000 0000000000000 0000000000 0000000000DS 1
$ ALOSS(JJ,J)=25 3 1
3 1

1

¢ &0 1

‘b))‘b‘b'ﬁ))”)’)’)’)))F)‘b’"’

Y
® 00 000 00 0000000 OO SO O OO OO OO0 OO OO0 OO OOS OO O OO NS TPCS x
el CONTINUE : X
H Y

X

[ 99%) 1

I"""""""'l"'\

H RETURN 5

\....'............../

168

)NNN'JNNNNNN\JNNNN‘\INN\J<NNN



\

SUBROUTINE GCOMP

\........................................./

1

I-==( THIS SUBROUTINE COMPUTES THE

1 CGRADIENT (6)

1

I [CRITICAL

I [ ANGLE (THC). BOTH ARE THEN
I [RETURNED TO THE

I { MAIN PROGRAM™,

I

I

COMMON 2B 4ZR42SoC1,C24+C3,RHT,RH2,RH3,G,D,
ALPHO,CS,BZ,REF
COMMON /DATA/LZERO,FZERO,L70,F?0,TH?0,
L714F71,DRLOSSFREQ,THETA, ALOSSO,ALOSSM™,
FM TIRP,THC yTHRC yTHIR ,BETA
REAL LZERO,L70,L71
PI=3,16159265
THRC=3],
THCOD=THC
B=RETA
THRC=THRC*(P1/120.)
THINC=1,
£1=242RP=2R=-1S
TH3I=ACOS((CY/C1)Y*COSC(THRE))
FACT1=(Z,%C3+B)/(1,+8)
SIN3I=SIN(TH3)
C0S3=CO0S(TH3)
SINISC=SINI*«SIN3
COSTSQ=C0S 52CNS2
FACT2=16e+(16/(2e%B))*(14+(THI/(SINI®COST)
))
GZEPO=(FACTTI2(1./7COSISAItFACT2+(CX/(1,.,+R)
) #(1,/7C053SQ)* (1 ,=-((THI*(COS2SQ-SIN3ISG))
J(SINI2COS2)))) *((CT/C1)*(SIN(THRC)/
SINX)Y/(D1/SINCTHRC)xw2)
R=(D1/TANC(THRC))+(FACT1+TAN(TH3) /GZERQ) *»
FACT?
THCI=ATAN(D1/R)
THC1=THC12(1c0,/P1)
MAXIT=1.0

1
t 1cC32 1

DO 600 I1T7=1,MAXIT

1
1
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b DI IR WD _JB 35 b _2b Ib_Bb_ b 25 2B A I 5 . 2 2B 15 2 I _Ib _Ib-Tb 3 b _Ib 35 _Eb_Bb 3B _Eb 2B 2 b b _Ib BB b 3B 2B 2> 3 35 3 J

THRC=THRC*(180./P1)
THRC=THRC+THINC
THRC=THRC*(P1/180,)
TH3=ACOS((C3/C1)*COS(THPL))

FACT1=(2.2C3%B8)/(1.4B)

SIN3I=SIN(THI)

CO0S3=COS(TH3)
SIN3SQ=SIN3+#SIN3
€0S3SQ@=Cc0S3+C0S3

FACT2=1e4(1./(2e*B))*( 1.+ (TH3I/(SINI2COS3)
))
GZEPO=(FACTI*(1./COSISGEI*FACT2+(C3/(1.+B)
) »(1,/7C0S3SQ)* (1 -((TH3I*(COSISQA-SIN3SQ))
/(SIN3*C0S3)))) *((C3/CII*(SIN(THRC)/
SINZ)Y/(D1/SINCTHRC)Y **2)
R=(D1/TAN(THRC)I+(FACTI*TAN(THI) /GZEROD) *»
FACT?2
THC2=ATAN (L1 /R)
THC2=TH(2*(180.,/P1)
1
1

,”t“"““‘l“““""l‘l“l”"I“’ll'l\

< IF(ABS(THCO-THCT) W LE. 1.E-4) GO TO 700 >
\..............................l..........,
1 FALSE
1
1
,lllttll‘llllttl“tlllltllllll‘llllllllltl\
< IFC(C((THCD-THC1)*(THCO-THC2)) .GE. 0.) GO >
< J0 500 >
\.........................................,
1 FALSE
1
1

s THINC= =THINC/2. S

R et e L
£ 50663 1

O 0 0 0000 0000 000000 060006050000 0000600000600 000000 00

: THC1=THC2 :

:...........................................:
1

C 60C] i

- CONTINUE g

I
I

,””’l"l“”‘""”‘I"”l”””"”"",

/ WFITE(T1 4650) MAXIT,THCD,THC? /

,....l................l..l..........l.l...,
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1
I===[ 650 FORMAT(I1X,I5,2X,8ITERATIONS)
1 CAND STILL NO SOLUTIONDB,/, 1 1X,m]
1 CTHCO=o , F10,6,5XBTHC220,F10.6) ]
1
1

’Illldlllllll.lllllll\

: GO TO 800 0 e 1 e i S BT G e e

\...................’

{ 7001 1

THC=THC(C?2
G=GZERO

L &o0d 1

/””"”"”"""'\

g RETURN 5

\.................../
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,"'0""'0'0"””’\

s BEGIN H
\.................../
1
1
BLOCK DATA NULL
COMMON /DATA/ALZERO,FZERO,AL70,F70,TH?70,
AL71,F71,DBLOSS 4FREG, THETALALOSSO,
ALOSS™ ,FM,TIRyTHCyTHRC ,TH1B4BETA
CCMMON /ALPH/GAM
COMMON /T/77
COMMON /R/INSAPRV21(90),RVI2(90),RSINZ(
90) yROTS(90) yRDTR(90), RT(90),RGI(SD)
COMMON /B/BV21(90),8V32(90),BSIN2(90),
BTRF(O0) ,PGI(90),BLS(90), BT(90),B8DTS(90)
+BDTR(90D)
COMMON /S/SV21(90),SV32(90),SSIN2(90),
STRF(90) 4SGI(90),SLS(9C), ST(90),SODTS(90)
e SDTR(90)
COMMON /BS/BSV21(90),BSV3I2(90),8SSIN2(90)
+BSTRF(90),BSCI1(90), BSLS(90),B8ST(90),
BSDYS(90)BSDTR (90)
COMMON/AL/F(E)ALOSS(6,90)

DATA F/50.,100.,200.,400.,800.,1600./

1

1

i e e e e\
s END 0

\.................../
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APPENDIX C
RUN STREAM

b4

An example of the computer input run stream for each of the two input options

follows.

:RUN,BTLSS

INPUT OPTIONS ARE: @ = INPUT GEO-PARAMETERS

1

INPUT BOTTOM LOSS
2

END PROGRAM
ENTER STATION NUMBER AND INPUT OPTION:
8 0

ENTER THE TWO-WAY TRAVEL TIME THICKNESS IN 1pTHS OF SECONDS:
4.58 '

ENTER THE WATER DEPTH:
18pp.¢
CENTER SOURCE DEPTH AND RECEIVER DEPTH:

244.9 305.0

ENTER SOUND SPEED AT SOURCE OR RECEIVER - WHICHEVER IS SHALLOWER:
1511.72

ENTER SOUND SPEED AT THE BOTTOM OF THE WATER:
153511

ENTER RATIO OF SPEED IN SEDIMENT TO SPEED AT BOTTOM OF WATER:
+396

ENTER GRADIENT AT TOP OF SEDIMENT AND CANONICAL CURVE TYPE:
1,7 .86

ENTER THIN LAYER DENSITY, SEDIMENT DENSITY AND THIN LAYER THICKNESS IN METERS:
2.33 2.33 .94
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ENTER SURFACE ATTENUATION IN DB/M/KHZ:
.p21 '

ENTER ATTENUATION PROFILE GRADIENT AND BASEMENT REFLECTION COEFFICIENT IN

PRESSURE:
.pppl1s  .7p8

RUN,BTLSS

INPUT OPTIONS ARE: @ = INPUT GEO-PARAMETERS

1 = INPUT BOTTOM LOSS

2

END PROGRAM
ENTER STATION NUMBER AND INPUT OPTION:
81
~ ENTER THE TWO-WAY TRAVEL TIME THICKNESS IN 1@THS OF SECONDS:
4.58
ENTER THE WATER DEPTH:
18p9.9
" ENTER SOURCE DEPTH AND RECEIVER DEPTH:
244.9 3p5.9
ENTER SOUND SPEED AT SOURCE OR RECEIVER - WHICHEVER IS $HALLONER:
1811, 72
ENTER SOUND SPEED AT THE BOTTOM OF THE NATE@:
1535.11
ATTENUATION CALCULATION
FOR A POINT BELOW THE CAUSTIC WHERE BL CURVE IS NEARLY LINEAR,
ENTER A LOSS, FREQUENCY AND ANGLE: (ANG=APPROX 2@, FREQ = APPROX 2¢9)
520 209
ENTER LOW FREQ LOSS LEVEL AT HIGH ANGLES,
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THE MINIMUM LOSS LEVEL AT HIGH ANGLES

AND THE FREQUENCY OF THE MINIMUM LOSS:

19 6 89

ENTER ANGLE OF TOTAL INTERNAL REFLECTION,

ANGLE OF CAUSTIC,

RATIO OF SPEED IN SEDIMENT TO SPEED AT BOTTOM OF WATER:

55 34 .996

ENTER CANONICAL CURVE TYPE AND ATTENUATION PROFILE GRADIENT:
86 1.7

ENTER BASEMENT REFLECTION COEFFICIENT IN PRESSURE UNITS:
.798

/BTL14 *RUNTIME ERROR* 22UN @ 49126

/BTL14 *RUNTIME ERROR* 22UN @ 4922
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FTL10

INPLY CRTIONS ARE: @ o INPUT GEC-PRRARETERS
« INPUT BCTTCF LOSS
s END PROGRAM

Ve

LELE STRTION NURMEEF AND INPLT CPTION:
e

ENTER THE TUC-Umt TRAUEL TIPE THICKNESS IN 1@0THS OF SECONDS:

4.2

ENTEP THE URTER DEPTK:

1300

ENTEF SOURCE DEPTH ANL RECEIVER DEPTH:
c44 3e¢

FNTEF SCUND SPEEL AT SOURCE OR RECETUVER - WHICHEUER IS SHALLCUER:
L TR

EMNTER SOUND SPEEL AT THE BOTTOM OF THE LATER:

153€.14

ENTER RATIC OF SPEED IN SEDIMENT TO SPEEL AT BOTTOM OF WATER:

"ENER GRADIENT AT T2® OF SEDIPENT AND CANONICAL CURVE TYPE:

_En*égergxu LAYER DENSITY, SEDIMENT DENSITY AND THIN LAYER THICKNESS IN RETERS:
ENTEE SURFACE ATTENUATION IN DB/P/KKZ:

‘EN°ER A;;ENUATION PROFILE GRADIENT AN} BASEMEMT REFLECTION COEFFICIENT IN PREGSURE:
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OUTPUT OF COMPUTER RUN

—CRETHCAL—ANGLES
LS ] & =)

— TR 00 RAT ® ——9960-THC—= — -390 74 FHRC—= 46 97
THB = 30.67 THRB = 45,07

= = ”] = 4727 .57
G500 = 1.34 C500 = 2279.83 AS00 = . 096 GAM = 0001S
— GEO~PARAMETERS —
RAT= . 9960
- RH2= _ 2.33 RH3=_ 2.33 L
D = . 04
ORI - | 20 BE l: 8¢ St
AL O= . 021GAM= . 00015
— B2 = 422 .13 REF= 21 }
-1.25 -.32 » 05 - 419 -.88 -1.65 -1.68 -1.79
IO .- (0% | - (O, S 1728 =-1.81 -1.45 =-.86 .15 @ 2.22 2.21
1.42 1.29 1.47 1.19 o & 1.09 174 1.42
e M OE . N R (PR a0 Y 1T 2,082 . R.AF . P25
7.07 6,95 679 6.74 6.67 6.54 6.35 6,31
6.47 6.33 6.10 6.12 5.99 5.82 597 &, 09
5.98 5.89 582 S5.82 5.83 5.86 =Wl 5.76
_______ 5.75 S 69 S5.85 K. 83 _S.856 _5.57 S48 = §5.39
5.410 5.43 5.45 S5.47 5.45 5.46 5.49 5.50
SR s.s50.- - B.%85¢ B850 - KR.S2 N5 H.5F 0 O5.02 . 5.02
551 5.49 5.48 5.46 5.45 5.45 5.45 5.45
4.78 F T - i
-1.47 -.14 -.10 -.97 -.83 - 5 -.85 -, 91
- =-,3% .54 {1.81 @ 2.65 @ 2.00  1.41 @ 1.25 1.66
1.41 1320 f.9¢6 27 1.%52 2.57 2.26 2,36
ST - 2N - (RO . -« [ (P - S 4 07 4,35 £33 - B AR
7.99 7.94 7.89 7.69 755 7.27 7.24 .23
2986 .16 .06 L.00 6&.85 €&.97 £.89 €. 27
€.85 6.91 6.75 6.72 6.57 6,57 £.58 6.62
—bhakP  E.858 _6.701 A 8B 2 EB.BEBE 650 2 5.53 I T Y
6.57 6.57 6.55 €.56 6.5¢6 6€.56 6.5¢% 6.5=
£.43 6£.42 2 6.43  _ 6.41 6,35 6,32 6,33 _6.34
€.36 6.3¢6 6.35 6.35 6.35 6,27 6.37 6,38
5 .25 Z2.95
1.64 1.27 -.,05 -, 20 -.46 -.32 .07 1.74
R 3.44  3.30 2,16 .88 @ 2.20 2,69 2,23 @ 2.4%
3.00 2.99 3:13 4.45 4,38 3.74 4,26 4.71
_ S50t S . %2 _A.02 __&£.41 @ ?.02 _ 7.855 __B.11 8.14
8.17 795 8.00 8.0 7.95 7.98 7.99 7.90
7.81 Z. .82 A | 2. 76 7.80 7.82 7.74 £.62 .
7.65 7.62 7.65 7.56 7.62 7.65 7.66 7.58
eI - L [ ST AT .. | o - NN G Y] || SN e
?.51 7.45 7.45 7.39 7.39 7.41 7.41 7.40
______ 7,42 7.42 .41 7.3 7.42 .42 7.41 _ 7.41
V.42 7.43 7 .44 7.43 7.43 7.44 7.44 7.45%5
£ (S 8. 08
T 1.43 1.39 2.27 1.75 2.38 3.67 4.64 2,78
2.64 2.79 3.62 3.66 3.8R L SR UL - A 4., 7%
4,94 5.45 5.76 6.77 €. (¢ €.60 6,24 v.oiE
—_— 7 .4Fh 7.54 72.8%5 g.02 8.03 .17 =2 1) g .y
g, 08 2.10 §.02 2. 1€ 8,04 g.12 8.02 §.0%
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— 807002 —0r02—0 02— 07— 799§ 06— 9 03—
8.05 7.97 8.03 8. 02 8.03 7.95 7.96 7.96
— 79— PP P I —— 20— 7 96— — 799 7 Ot .
7.93 7.97 7.91 7.95 7.96 7.93 7.90 7.92
— 28 290 —2.89 2953 F.93 - 7.94 .08 . 2.91
7.90 7.88 7.89 7.90 7.90 7.90 7.90 7.90
— %92 3. 00

3.44 3.01 3.18 4,06 3.94 3.73 4.08 5.13
S 00" TN TH . W ST T S -
7.37 7.55 7.60 7.52 7.92 8. 04 8.11 8.16
USRS USSR " PN . . 1 N WV A .

8.08 8.11 8.08 8.05 g.08 8.06 8.09 8. 0€
—s 85— 8. 05— 8. 93— 2.0 2. 04 2. 03 8 03 3 (S5

g.02 8.0S 8.03 8.04 8.02 8.03 8.01 §.02
- 8,02 8,03 8. 03 £.04  § .02 .02 8. 01 8 02
8.02 8.01 8. 02 8.03 8.01 8.01 8.02 8.01

—e.00 £.02 g.02 ©.02 8.01 8.00 8,00 __8.01
8,00 g.01 8.02 8,02 8.00 2.00 7.99 .99

72.22 £8.00
4.49 6.21 6.63 6.65 7.42 7«63 7.45 Fa
gl Q. D8 ... Q.48 . Q.0 g5 .  _8.31. . 8. 31 . -8B .34
8.31 8.32 8.32 8,22 8,28 g.23 8.20 8.19

g4y . a4 - B $6 B I3 - -B.4g. B 47 B4 - H.1]
8,09 8,08 8,08 8,08 8,09 g.0& 2. 0¢ g.07
S .05 3.06 2. 06 2. 05 8,05 2.03 2.03 2.03
8.03 8,03 8.03 8.02 8.03 5.03 8.02 8.03
e.02 - ag.00 . @ g . B.O¥ B 08 . .0V . - B0

8.02 8,01 8,02 g, 01 8.02 8,01 8,01 8,01
—R02 . B0 . ROl . B0 . BB  B.Re . _B.0R Rl _
g.01 8. 01 8.00 8,01 8. 01 8.00 8,01 8.01

7.99 s.01
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