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ABSTRACT

S

SHADZO is a composite program which calculates the position and
shape of the first surface shadow zone as a function of the source
depth for a given sound speed profile. The program is small
enough to be run on a shipboard minj-computer in a few minutes.
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INTRODUCTION

It has been found from SACLANTCEN's reverberation studies that
information on the position and extent of the surface shadow zone™
is needed during at-sea experiments. Thus, a program has been
developed which, given the sound speed profile, calculates the
pertinent characteristics of the shadow zone and can be run on a
shipboard mini-computer in a few minutes. In orde: toc make the
maximum pcs3sible informaticn available to the scientists aboard
ship, the program also includes the estimation of shadow zone

shape.

SHADZO (surface SHADow ZOne program) is a composite program which
calculates the position and shape of the surface shadow zone,

as a function of the source depth, for a given sound speed profile,
These characteristics are obtained by direct investigation of the
limiting rays, rather than by representation of the sound field

by ray-tracing with a high densaity of rays.

This memorandum describes the theoretical basis for, and the
implementation of, the two basic parts of SHAZDO: (1) a pert that
calculates the distance {i.e., the inner range limit), the extent
and the maximum thickness as functions of source depth, and (2) a
part that estimates the shape of the shadow zone for selected source
depths. A flow chart, a listing, and explanatory diagrams of SHAZDO

are given in Appendix A,

I () . 3
" The surface shadow zore treated here is the first (1.3,, shortest-range
shadow cone; the recurring surface shdow zones ac longer ranges are not

covered,
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1. THEORY: POSITION AND SHAPE OF THE SURFACE SHADOW ZONE

1.1 Background

When the sound source is located above the critical depth*, Z.nit?
there is a shadow zone aiong the surface at certain ranges. This
surface shadow zone has been discussed by Mellterg, who calls it
"shadow layer", in Ref. 1 . Mellberg provides formulae for the
maximum thickness and horizontsl extent of the shadow zone, based
cn a 2-layer, constant gradient model of the medium. The present
memorandum provides a further description of the characteristics
of the shadow zcne. basec on a multi-layer, const.ant-gradient
model.

Figures 1 and 2 illustrate the formation of the surface shadow
zone in a medium apprciimated by a two-layer, constant-gradieni,
model. Figure la shows the rays which limit the shadow zone,

both in range and depth, when the source is between the surfu.:
and the minimum-speed-depth, z . At the surface, the snadow zone
is bounded by rays which have zero grz:zing angle. The maximum
depth, or maximum thickness of the shadow zone, is the depth at
which the ray that was horizontal at the source becomes horizontal
again. When the source is located between the minimum-speed depth

z and the critical depth, as in Fig. 1b, a shadow zone

Zerit?
of smaller range extent and smaller maximum thickness will occur.

Figure 2 illustrates the distance, extent and maximum thickness of
the shadow zone, again for a 2-layer model. The multi-layer model
will be introduced next, and then these three characteristics will

be discussed in turn.

Tra crivicai Jdeptr is the gepth at whisrk the sound speed 1s the same
as at ire sea surface

LousaY Bl FIAMHAY
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In SHADZO, 2 multi-layer, constant-gradient model of the medium
is used. The rays propagate along circle segments in each layer,
as illustrateq in Fig. 3. The radius of the path in the ith

layer is given bhy:

R = .-l-(_
1 gi [Eq. 1]
where
k = Snell's constant of tu- ray
= c/cosa (at any depth)
g; = gradient in the ith layer
i~ %1

Azi

The horizontal distance travelled by the ray in the ith layer is
then:

Adi = Ri(31nqi-1 -51nqi)

TN TN
\/k2 -c5 -\Jk®-¢c®
i~} i

= Az, = . (Eq. 2]

1.2 Distance

The distance to the shadow zone. 's illustrated in Fig. 2, is defined
as the inner range limit of the shadow zone at the surface.
Appendix A <f Ref. 2 provides formulae for the distance, for both

2-ilayer and r.ulti-layer constant-gradicnt models.

From -Eq. 2, we sece that the total horizontal distance, d, travelled
by a ray in traversing n layers between the source depth and

the surface is given by

/. ‘ N
n n ka-cg.l--\/ka-ci
d= 2 M. = % bz, Cl'_ - .
=] 1 i i-1

i .
l'___
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To avoid computing crrors when C;RCs g9 this expression may be

%ﬁ%ﬁn ‘\/:‘ o .: 5

transformed into
£
-
£ n C. + c.
g d = Z Azi i-1 1 i [Eq, 3]
tf i71 k° -2 1 +/Kk% - &2
% - 1
é' d may be expressed as a function of grazing angle at the surface, vy,
g’ by writing k=c,/cosy. Thus, we see that the distance to the
g* shadow zone, D, is obtained from Eq. 3 simply by setting y=0;
E_ then, we have k=c, and
- n <5 1'*'ci ‘
. D= 2 Az, ~ . [Eq. 4] :
; i=1 c c2 + /¢ -&”
07 %17
3

1.3 Extent

The horizontal extent of the shadow zcne at the surface is determined
by two rays having zero grazing angle, as illustrated in Fig. 2. ;
It can be seen from Fig. 2 that the horizontal distance travelled
by the long-range limiting ray in going between source depth and
critical depth is a measure of the extent of the shadow zone.

Thus, the extent is given by

LS ci_1 "
E=2 2 iz, - "Eq. 5]

i=nt1 1 cz cz “+ o2 cz
0~ Fi-1 o~ i

where it is assumed that there are n layers between the source

depth and the surface and k 1layers between the critical depth

and the surface.




1.4 Meximum Thicknéss

As discussed in Ref. 1 and illustrated in Figs. 1 and 2, the
maximum depth of the shadow zone is the depth where a rey
that was horizontal at the source becomes horizontal again.
At this depth, Zs

spe2d av sonrce depth.

the sound speed is equal to Cgo the sound

1.5 Shage

The shape of the¢ shadow zone can be defired as the envelope of
the downward-refracted rays, as illustrated by the dashed curves
in Fig. 1. This envelope is relatively difficult to calculate
exactly, so an ostimate of the shape is obtained as follcws.,
First, at close.y-spaceud depths, we determine the lccus or
points at which »:ys vertex (i.e. become horizontal). For

the case shown in Fig., 1b, we see that this locas wculd provaide
a reasonsble estimat: of *the enve10pe*. Figure 4 illustrates
the case of a limiting ray, such as might be encountered in

the presence of a strong negative gradient; in this case, the
locus of vertices is not a good estimate. To improve the
estimate, at each depth, the intersections of rays vertexing

at shallower depths are determined. Finally, at each depth,
that point (vertex or intersection) is used which results in the
smallest extent of the shadow zone. The estimacvion of sha. w
zone shape from these vertices and intersections is illustrated

in Fig. 4.

S

" It would be clearly not provide a reascnable estimste for the case in Fig, 1a;
nowever, this casze i1s not addressed here, as the snag? estimation part of
SHADZ0 nas been implemented only for cases in which 2z :>zm.

S
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2. DESCRIPTION OF THE SHADZO PROGRAM

2.1 Hardware Configuration

The program was written to run under the Hewlett-Packard Real-Time
System [Ref. 3], and thus requires a minimum hardware configuration
of :

H-P 2116B Computer with 16K Memory

H-P 12578A Direct Memory Access

H-P 12579A Extended Arithmetic Unit

H-P 12591A Memory Protect

Fixed Head Disc or Drum Storage Unit

Time Base Generator

Operator Console (ASR-33 or ASR-35 Teleprinter)

In addition, the SHADZO program requires a Tektronix T4002/4802
Graphic Computer Terminal with Tektronix Joystick 015-0175000 and
Hard Copy Unit 46061. The Tektronix Terminal can be used in place
of the operator console, if an additional paperetape input device
is available. 1In the absence of a Tektronix Terminal, the program

can still produce a printed output on any output writer,

2.2 Sot tware Configuration

The program requires a Real-Time System generated to provide a
minimum background disc-resident area of 20K (octal) locations.
The Tektronix Terminal should be allocated logical unit number 16

and should be used with the Real-Time teleprinter drivei MRVO0O.




2.3 Program Inputs

The data are input to the program via a punched tape containing
the temperature or sound speed profile. Table 1 gives an example

of such a profile, as well as the requirzd format.

TABLE 1

TYPICAL DATA TAPE

FL 11 ~ Profile name— up to 6 alphanumeric characters.
29’7’71’1’4¢"“‘“‘~~Day, Month, Year, Hour, Minute-- § integers.

16 -———
d ,24.4 ~_ |No. of points on the profile - integer,
6 ,23.5 negative for temperatures, positive for

8 ,22.8 | velocities.
12,22.2
16,19.5
18,18 <——JPairs of points giving depth in metres and
24,16.5 temperature in °C or velocity in m/s .
24,15.5 -
28,14.8
48,14.3
64,13.5
184,13.5
258,13.45
498,13.4
458,13.35
250$,13.35

_Temperature or velocity profile.

In the conversion from temperature profile to sound speed profile
[according to the Leroy formula (Ref. 4)], the salinity and
longitude are considered constants, being pre-set to 38.6 parts/
thousand and 40°, respectively. Source depth values are input via

the Operator Console.
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2.4 Progras Detaiis

w
S

The SHADZO® program is written in Fortran II, with the exception
of the routines for the Tektronix Terminal, which are standard
SACLAKTCEX library routines written in Assembler Code. ‘

The program cconsists of four basic sections, as follows:

£

Section One Reading of the data tape tape, ard conversion

of temperatures to sound speeds it necessary.

Section Two: Calculation’ and printing of distance, extent

and maximum thickness.

Section Three: Calculation and graphical display of distance,

extent and maxisua thickness.

Section Four: Calculation and graphical display of shadow

zone shape.

The first section is performed once for each set of data; the

other sections are performed as many times as required.

Sections twe and three can be run with two aiternative models
of the sound speed profile: (1) a multi-layer, constant-gradient
model, using all of the sound speeds calculated from the Leroy

formula; and (2) an approximation using two constant-gradient
layers. '

%

Because of the restricticn in H-P Fortran I1 which allows only five characters
per idertifier, the program rame actually used is “SHAZO". There are some
discreparcies betweer the terminology used in the texat of this memorandum and
the terminology usea in the program and its outputs shown below., The
correspondence 1s as follows :

Term irn Text Term 1~ Program
Souna speed Velocity
Maximum thicxress Thickness
Oistance Range
Extent Extension

11
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A flow chart and listing of the program, together vith diagraas
# indicating the significance of variable names for points on the
s~and speed profile, are given ir the appendix.

2.5 Program Outputs

The outputs from the programs are prints and plots, as described
below.

2.5.1 Prints

a. Sound speed profile: A samplc output is given in

.Table &
TABLE 2
EXAMPLE OF SOUND SPEED PROFIL: SUYPUT
SHADOW ZOXE PREDICTIOXS
: XBT FL 11 DATE 29-7-71 TIME 1-4¢

DEPTHS VELOCITIES

- METRES METRBS/ SEC
. 8¢ 1537.3
6.4¢ 1535.2
8.d¢ 1533.5
12.¢¢ 1532.1
16.4¢ 1525.4
18.4¢ 152¢.8
2¢.44 1516.4
24 .94 1513.5
28 .¢d 1511.4
40 . ¢4 151¢.6
64.00 15¢47.8
18¢.4¢ 15¢9.7
254.98 151¢.7
4¢0.9¢ 1513.¢
459.00 1513.7
3 25¢8. 98¢ 1548.¢
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b. Distance, extent and maxisum thickness: An example is
given in Table 3 for the multi-layer model. The output from the
two-layer model has a similar forxat.

TABLE 3
EXAMPLE OF SHADOW ZOXE CHARACTERISIICS OUTPUT

MULTILAYER MODEL

SOURCE DEPTH EXTEXSIOXN RANGE THICKXESS S. VELOCITY
METRES METYRES METRES METRES M/SEC
1¢g.¢ 35826.4 794.3 57.5 1568. 4¢
268 .4 34794.9 1314. 6 39.8 1516. 66
38p.96 33733.8 1848.6 27.8 1511.48
A98.¢ 32648.1 2387.4 24.9 1513.62
566. 6 31511.9 2951.6 22.6 1514.52
68d.¢ 36341.5 3536.8 26.3 1516.2¢
786.4 20122.7 4146.2 19.3 1517.87
Sgg. ¢ 27849.2 4782.9 18.6 1519.55 :
opd. ¢ 26513.1 5451.6 17.8 1521.22 i
14dd.¢ 251¢4.4 6155.3 17.8 1522.9¢ !
1144.¢8 2361¢.1 69¢2.5 16.2 1524.57
12d¢8.4 22¢12.7 7761.2 15.3 1526.25 :
13p¢4.4 2¢288. i 8563.5 14.4 1527.92 :
14¢¢.6 18496.3 9567.4 13.4 1529.59 i
15¢¢.¢ 16202.9 14561.1 12.5 1531.27 j
16¢4¢.4 13865.9 11774.6 9.6 1532.94 ‘
17¢8.6 1¢9¢8. 2 13253.4 6.7 1534.62 .
18¢¢.¢ 6755.3 15329.9 3.6 1536.29 i
{
i

2.5.2 Plots

All graphical outputs are plotted on the Tektronix Terminal and have
a similar format.. The results are plotted on a 5x 5 grid and a

scale factor for each parameter is printed on the display; this scale
factor is the number of metres equ:valent to one division of the
display (i.e., full scale is five times the scale factor). At the
end of each display, a copy is produced on the Hard Copy Unit.

The origin of the plot is the upper left hand corner; the vertical

12
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paraseter is depth and th= other relevant paraseter is plotted
horizontally.

a. Distance, extent and saximum thickness: ome plot is
produced for each parameter. Examples are givea in Fig. §.

b. Shape: One plot is produced. If sore than one source
depth is requested, all ouatputs are plotted on the same graph
to the same scale. An exaople is given in Fig. 6.

2.6 Operation

T2 run the program, load the data tape in the tape reader and
enter the program (uader the Real-Time System, this is effected by
typing “ON, SHADZO= on the Operator Console). If the last point
on the temperature or sound speed profile is not deep enouvgh to
allow the critical depth to be caiculated, the computer prints:

THE 14ST POINT OF THE B.T. IS ABOVE THE CRITICAL DEPTH

and the progras ends. In this case, the data tape must be retyped.
Once a correct data tape has been read and the sound speed profile
has been calculated and listed as shown in Table 2, the computer
will print:

FOR SHADOW ZONE SHAPE TYPE 1 OTHERWISE TYPE -1 *

2.6.1 Distance, Extent and Maximum Thickness:

If -1 is replied to the question about shadow zone shape, the

computer outputs:

FOR GRAPHIC OUTPUT TYPE 1 OTHERWISE TYPE -1

}_‘.
A1l questions of this type should be answered by either -1 or 1, followed
by carriage return, line feed.

14 _
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and after the response to this request, the computer-outpute:

FOR MULTILAYER TYPE 1, FOR 2 IAYER TYPE -1 )
When the type of model has been selected, if mo graphic output -
was requested, then the computer prints:

TYPE I¥ 5.DEPTH: START, STEP, END

The source depths for which output is required should then be typed
in, giving the minisum depth first, and with values separated with
commas. No output is produced for source depths greater than the
critical depth. When the source depth has been inpuf.,, the results
are calculated and printed.

If graphic output is selected, then the threz graphs are displayed
and a’ter the last output, the joystick is enabled and the
computer prints:

TO EXPAND PLOT POSITION CURSOR AT MAXIMUM SOURCE DEPTH REQUIRED
AND TYPE 1 OTHERWISE TYPE ¢

If an expansion is required, then the horizontal line of the cursor
should be placed at the maximum source depth for the new plots

and 1 should be typed. A new set of 1lisplays is then produced,

and the expansion option is repeated. (It is not possible at this
stage to increase the maximum source depth of the display. If
this is required, the program must be continued and reprocessing
of the same data requested. See below). If expansion of the plots
is not required, type O.

2.6.2 Shadow Zone Shzpe

If the shape is requested, then the source depths are requested
as for the printer output above. The source depths must be beiow
the depth of minimum sound speed; if the starting depth is less
than this value, then it is automatically adjusted to this value.

15
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If the source depth exceeds the critical depth, the calculation
stops. If only one source depth is required, the second arnd third
parameters should bz zero. T%The cucaputer then calculates and
displzys the shape.

2.6.3 ZTermination

After the relevant output has finished, the computer prints:
TYPE § TO REPROCESS, 1 TO FROCE." NEW DATZ Ok 2 TO STOP

If the resnonse is 0, the program returns to the peint at which it
asks if the shadow zone shape is required. If the response is 1, a

new data tape is read and processing restarts. If the response
is 2, the program ends.
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APPENDIX A

DETAILED PROGRAM INFORMATION

A.1 Flow Chart

A.2 Explanatory Diagrams and Program Listing

Note: The word "velocity" used in this Appendix corresponds
to the words "sound speed" used in the Main Text.
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CRITICAL DEPTH
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OO0 OOMOOOOO™TM
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OO

OO0

T=1S 5543238 225 ofysLOFED AT -

SACLAAMT ASS RESTARCH CENTRE
VIALE SAY IaARTILOWED -4FF
l9z£ea LA SDEZI‘
ITaLY.

P332z SmALS(3273)

OIS 1Cee u(aﬂ),V(*4)1C(4 53 9 IASCI (1) 9 INAAE (6)
DIMS#SICa DE(159) sEL(L1E2
THIS vpu-.g‘ 7

5P CI5 IaE RANGE A%ND EXICNSIOH
OF THE ShedHdec ZINE

gui
FOR vARIOUS SGURCE DEPTHS.

RZELS DATA TAPE an) CumICrT TEHPERATURES TO
VELICITIES IF HECISSaRrY.

PHI=5%Z.
SAL=32.6
13 D 23 I=1s6
28 INAYE(1)=222¢473
READ (S432) (IHA5Z (1) 91=106)
33 FGvaT (BAL)
REn)(a-‘)IDEYOﬁOdTnolY:AK’lﬂdJ«oNINUT
READ (S« ¥)MO5E
pN=J335({#22E)
DO 35 I=leN
35 READ{S«Z)I(I)ev(])
IF(¥DIL) 4254
49 CALL 3TEAM(VeDeMeSAL 9PH])
59 CALL FINTZ(VeMeITuRN)
DTURN=L (1 TURRN)
VTuxu=v (1 Turn)

OUTPUT HEADING AmD VELOCITY PROFILE

CALL ExEC(3+11658+~-1)
WRITE(E962) (IHAME (L) 91=196) 9 IDAY 9HOMTHe IYEAR 9 IHOUKR «MINUT
60 FORVAT(246Ke%"SHALOw ZUNE PREGICTIONS"9//9TX9"XBT “96Al,
1 127eMD2FEMc]1392("=19]2) 012X oW TIMEN9I39"="9]29//
2 SXeDZPTASHe 13A9"VELOCITIESY/5X 9 "METRES 910Xy
3 BAETRES/S2Ce/)
WRITE(Ae72) (D(1) ov{I)el=10N)

FIsD CWITICAL ucrPTH ETCe
IF(v(N)-Via) 334140
87 WriIiTE(1e990)

94 FOIMAT("THE LAST POINT OF THE BeTs IS ABOVE THE '
1 “CrRITICAL DLEPTA")

28
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e e s . g e = ~ =T R R T 7 > X

R

¥ v

aACaOt

OO0

OO0

PAZE "Aaz2

ST5?

¥E=w(ly

D=2,

1z=}

Co 122 I=Z.iTuwi
IFta==~ 8503 E1Fa 22D

-

wa=x i

F2-4~T(I,ch’"C1ITi.nL DEPTE. ="3F3.2¢ ® METRES™/)

RELUEST TYFE 4r CALCULATION A#HO QUTPUT

145 %2IiTE(101%5)

1&5 T <17 _#F 5 3=asGs JUNE SHAPE TYFE 1 OTHERWISE TYPE -1 %)
RELIL7) (S1dP ]
I (1%320) i540728

152 5-175:i:.1%5) i

155 F33=i7{"fux 52418 2uTAuT TIFE 1 OTHERAISE TYPE =1 %)
REAI (1 +%) IGRAP
WSITT Liylsnyd

162 Fu2sE8T (0> SULTILAYES TYSE ls FOR 2 LAYER TYPE -1 &%)
REID(2 . F)LAYER
IF(1233:2) i7-39352

P LB e T el Bor o B R e Sor LTI How T Tx PR L P RN Ly B B Lot e B e TR e i i i R e DI S 2 T S -2 8- 2-F- 2 -2 2 2-2- 2222 2 22 % 223

PINTEwe DUTAUT
175 19l5%)

1&2

195
254

2l
2Z5
23z

24r

N b=

 {
T(UIYEE In S.UZSPiris STARTSSTEPLENDY)
L

e%#)s5ieSuZe5u3
OUTLuTl neaslse £7C.

C~LL Z4ZC(3+114589~1)

FL23AT{cZ2A9T40 LAYER 1M00CL/)

63 TG 23¢

»IiTE{~e22%)

Fu2 46T {ZaXeM 3L i ILAYEN HMOUELY/)

s2]TE(&92%0)

FO2AAT(* 0502 GErTrnt 4 AvEXTENSIONMTAYRANGE"6 XY THICKNESS
S3Xe8S, verLlITI"/eG A9 "METRES 93X 9 "METRES" 99X 9 UMETRESY

OX e MITAESHe lua e MA/SECH)
CaLCULATE sSJunis OcPTd ETC,
MX={533~521)/532+1.

DG 324 [=1exX
S Zas3 jeFfLuai{i=~11%502
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Cc
c

aoo0n OO0 OO0

OO0

IF(D5-3DE&) E56<540.

254 IF(SHIZ~LCSIN) 2552359

265¢ IF (SOZF-DTuee-d) 274 25 o

273 Cape iﬁ.\aw.gas-.’:r:a'«'vﬂ.qlwpn‘wmu
CaLe F VAL (G990 WEL 9IEF s [9adty [ TUIND
63 19 29%

283 Cagy FI?AL(d-V,SDEPOVEhv!QE?’~§IIUR1)
caLe FI"L(VﬁQ’iE[99§P919'130170§ﬁ)
CALL F!VﬁL(D:VcﬂE?oﬁiLiITQITURﬂvl)
CaLe ;!VﬁL(V’59VEi99t9'18§179ITUﬁﬁ)

292 [FALAYER)3ide 31

Tag LeYER 46DsL
338 Cagn Tﬁﬁ(vioVC?lTQGCRIT,SﬂEP;DioﬁTUﬁN,VTURHqRANGEQEX?-IHICK)
S0 1O 322 )
MU TILEYER 50HEL
31% CaLL stf;(va.vﬁL,vc«xr.pcklr.saEP.ICer.IDEP,Vau,RAuse.Exr)
TnICK=i:Ep )
PRINT SESULTS
322 52LTE (69336) SOEP »EXT 9 RANGE » THICK 9 VEL
332 FOnMAT(F14.193F14.1,F15.2)
4% CoMTINUE :
60 TO 15«2
TS e S RGN e G R G R TRE S

A R G AR SRR S R RN
GRaPHIC 0uTPUT

35¢ SDMAR=HCRITE2 .95
Sﬁﬂlﬂ=(SUAAA~Dﬁ)/iaa.*Da

FIesD ARKfaizig vaLuzs

364 IF(LAYER) 37454303

37% CALL frd(V-’¥C¥iT-aCkIT’SﬁMAX’DZQDTURNQVTURN’RAHAX’EXQTH)
CALL Tiﬁ(vioUCRiTvUCRIT’SDHIM,G%QOTURNoVTURNQRAoEXHAX,THHAx)
GO FO a2n

349 IF(sgqax-aruaw)jqa,ama

332 Ccapp FIVﬁL(D-V-SDMAX,VEL,IUEP,ITURN,I)
CALL FIVAL(VoquELqUEPvI9oN91TURN)
GG To slw

4un Cate FIVAL(00!vSCMAleVELQID&P,NOITUHN)

CaLt ;IVQL(VOQoVELOJEpoI9QIQOITURN)
carg FTVAL(BonﬂEPQVtLvI791TURﬁol)
capp FIVEL(VOD-VELOOtHQIdoI79ITURN)
413 CapL JULTI(véOVEL’VCHITQOCRITvSDMAXoICQITQIDEP’
i Vel ynunigeZ )
CALL FIVAL(5,VqSDKIV9VEL9IDEPQITURNQI)
CALL,VFIW&L (VoUsvELeUERPs IYeNo i TURN)
(of TN “ULfi(VﬂohiLoVCKITOUCHITsSDMIN91CleolDEPO
1 VeNeMuoEXN54)
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PASE 4224 .
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-ty
7 « ®

" Tewaxsoge

Y]

CALCULATE STALE FACIDSS -

42% ISCSSISCHL (SHRAX)

. ISCTA=ISCaL(Taxax)
TSCIA=ISCAL (RA5AK) -
ISCEA=ISCAL (EXHAX):.
DO 353 J=1.3

3

-

OUTPU -GRATICILE

o066

CALL, SEAT(INAE 5 ISC50»5CRIToLAYER ISHAP)
CALL DIRK(6Z39644).
CALZ ALPHA
IF(J-2)432+46%+69%

432 S2ITE (160442 ISCTH , s

445 FOIIAT(*THICKAESS SCALE =%, ISs™ N/UNITH)
CALE D2RX(912415)

CAL: ALFAA : i
WRITE(1544528) —
458 FO2GAT (" THICKIESSe%) .
. GG TQ 5224 ‘

453 ==I1E(169474) [SCRA ) "

474 FORAATARRNHGE SCALE =%y I5+4A/YNITH)
CALL DERK(512,415)
CALL ALPiia
WRITZ(159%49) -

433 FORMAT (MRANGEe)

- ‘G0 TO 522

499 HRITE(15+5%%) ISCEX

522 FORAAT("EATENSIOH SCALE ="9IS5s* m/uNIT™)
CALL DexR(912515)

CELL &LPHA
WRITE(169512)
S19 FORMAT(MEXTENSIONe®)
529 STEI=(STUHaX=D3) /126,

-

-

OUTPUT RESULTS

(s XeXy

DC 553 I=1.1353
SPEP=D7¢r 1L CAT([) 5STEP
IF (J-2)525 4539
525 IF(LAYERIS339542
534 Cali ThO(vﬁovckIToUCRI795Q59902,UTURN0VTUQN9
1 RACI) «EX(I) aTr}
G0 TO Seo
548 IF (SOEF-DTURH)S32455%
$5# CaLy FIVAL(D9VeSDEP«VEL IDEP ITURNy 1)
CALL FIVAL(veDsVIL 9OEP«I9ehe ITURN)
GO TO 579
569 CaLi FIVAL(D9vsSDEPIVEL 9 IDEP 9N¢ ITURN)
CALL FIVAL(V9D9VELDEPsIY9 149 ITURN)
CALL FIVAL(DsVeUEPVEL9ITeITURNe1)
CALL FIVAL(VeDsYEL9DEP IS I7eITURN)
S7# CALL WULTI(vﬁcVEL9VCRIToDC&IToSDEPolCRITyIUEFoV;Po
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- e . .

PASE BT

ann

oHa0n

s XdNg

OOOOO

1 RA(I)EX(1))
=3z

CRALTRETE CTO-unIIHSTES FGu DISPLAY

§33 IF (J=21550e554981a ]

S A=A TA/rLDETULSTIN ) %24 o 423
60 T #22

SF2 U4={RE(LJ/FLDITLESCAR) ) E2:55.4226
606 TO &£¢v

612 IX=(EAL(I)/FLDRATIISCIA) ) F2IEe*23s

6§22 [1=531 .~ (5D /7 Gail (1SCSD) ) %122,
IF(I=2)034e0%5

630 Cer? DaxxX{[XeIr)
6¢ TD £53

H%% C&LL SZICiliaIY)

633 CGATINGE
CALL Hax)IT

Soe CHIaTINGE
ChiLL DanRizce3351)
CALL alLPHAa

RECUEST IF cAPRNSION IS REIGUIKED

aZITZ {15457 3)
687 F AT ("I £A2a45 Ul POSITION CURSONR AT MAXINUM SOURCE %

1 SEZPTn RESUIRCD AND TYPE 1%e/93#X9#OTHERYISE TYPE 2%)
CaL' CuRSI(ICHARs[A«1Y) <

IF (IC-i2%=45) 7154639
CALCULAIE #E4 <aAlsum SGIIRCE DEPTH

632 SNUAX=IS3]=TLOAT(1Y) ) /712355 LOATLISCSD)
IF (30242 i%Ce9D) 1559050

6348 SHALA=HCRITZ49>

706 G 79 3ov

714 CaL:i Z=45%
CELL ~0sE
GD 10 15¢e

\J
I:
V]
1)
]

\i
»

3
3
N
0
[
w
[

\]
»
N
[N
W
):u
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Catounuilds Acu VISPLAY OF Snaudw ZOME SHaPE

727 «=ITE(1elxs)
REL2(1e%¥)5D]e302e5L3
IF(Sal=-9Tura=le) T3ve I

7346 SB1=3Tiuknvle

Tas IF(SD2) 7927399150

75+ aid=1
63 TU 785

757 IF(SD5-5Li)(TIe 71709780

774 Mx=}1
GO Tu 75

784 da={353%-501)/5L2+1.

32

DX e

PRI




.t’ '

EETEEE

4

PAGE. 2025,

[ FI3D MAKI#7A VALUES

C

735 S2£P=SH1
CALL FIVAL(UOVQSJtansofpoI:DPT'NQITURN)
CALL FIVAL(VQQQVSQE?OﬁHAX,IQI‘olfﬂﬂﬂ)
CALL FIYAL(T9Y9556AAeV1aI1s ITURNG1)
‘CALL =i¥AL(¥9J03190“58’IQIIOITUQH,
0G 19% 1=¢ei .

799 C(I)= (J(l)°0(1°i)‘*(V(l)*V(I*l))
z—()4ﬁ&’05)/lldo
CaLL Jktrb(L’Q“QDJCVQVSUt?’IS&P"Q“‘,IQ'IIURH!"’

| § CaDoVsDISTL 931572 eRAD)

C

€ CRLCULATE SCTALE FACTORS

c -
ISCTA=3SCAL (S3HRX)
ISCRA=ISCAL(DIST2)

c

C OUTFUT oRATICULE

¢ .

CALL SAT(idAME s ISCTrsGCRIT+LAYCR 9 ISHAP)
CALL DRRK(H5A9564)
CALL ZALFha
HRITE(16947Z) ISCRA
CALL DARK(%+2)
CALL ALPHA
IF (34-2)35%+91%
897 AZITE(15«v59)501 - ,
938 FOXAZT(VSOURCE DEPTrni ="eF 0,19 METERS %)
60 TO 5348 7
912 H4XITZ(1069922)SuleS5U3+S5D2
92Z FORVAT(¥SUURCE JEPTA ="9F6ele" M TO"sF6els
1 @ 2 Iy STEPS uUF”sFBele® Mem)
933 CaLL D23 (S12+15)
CALL ALPHA
WRITE(1604E2)
DO 113% J=1leiX

CaLCliLaTE RESULTS

(s Xu g,

SDOEZ=SDi+FLOAT(U~1) 7502

CALL FIVAL(D9YeSDEPeVSDEPsISUPTerie ITURN)
C2Li FIVAL(veleVSurPedrAXeIles16le ITURN)
CALL FivAL(JeVeuHarsVlelleITURNe])

CALL FivaL (VeDeV1eOraXeI2911sITUKN)
STE>={{HAX=02) /134

ZOLD1=e

ZGL‘)2=-"0

RNENI= e

RuMEx2=1.E12

RADI=d.

RaD2=7,

DG 195 1=1e1490

I=FLOAT (1) #>5TEP

CALL OrTRS{Z2+0995:0EPeVSDEP s ISDPToUMAX eIV ITURNGNY
1 CeliaVeDIST190IS5TZ9kAD)
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Fi:5 aniCH POIaTs TO ETAIN

IF (52011 94243405559 : _ S

- Qs DEnIT=SENee]

. 60T 62

955 £=(Z-Zg:ivl) 72A51

’ Rnﬁsfzaﬂtslf*Aulﬂagkf(E*(Z.-n))

954 IF (JIST1=ra%oE) 2T 5eI8D

974 Ra(l)=ma5E - .
60 TO <$2

9&3 24:f -1=:1%T}
RA(I) )ISTI
ZOL)I-
RADI=R20

995 IF(RADZY Vo601l 0%+141D

1332 K“—S;=~4E12
uc TO 12y

1912 £=(Z=25L02) /RAD2
RAMSE=-NEv2=-0062735:<T (EF (2.~LC))

1aca IF(RRNHE=-01IS5T2) 143501269

1939 £x(1i=~aNGE
6D T 1#5%

12348 RKeE=Z=Z1IST2
EX(I)=HIST2
25002278
RADZ2=34x)

165% CoxTI%NuE

C
C DISPLAY =ISULTS
C

DN 1255 I=1y13¢
2=FiO2T711)=5T=P
1A= (2= (1) 7F L 0AT(ISCRA) ) 2257 e +230
I1Y=231 .=/ LOAT(ISCTH) ) F12%
IF(1-2)1¢0%9197%
1853 C&LL DAZF (IX:1Y)
G3 TO 1a8¢
1274 Call ZHIGn(LXeIY)
1339 COHONTINIE
DO 1237 Il=islvse
I=131-11
I=FLRs5 (1) #3Ter
IX={ZA(I) /7FLOAT(ISCRA) ) %232 +23,
IY=031 e~ {2/7LD0AT{ISCTAY ) =120
1294 CapLl 2:-154(1441Y)
1194 CoeTINvuE
Cat.. —4&:0C
CaL: ZnASE
CALL ALPra
CaLL HOHME
GO TOU 152

(]

C #r oI Uil st e TR RN LG TS TN GG IR I ISR R SR S S S R I e R SR U

o0

REZUEST NEXT OPERATION

34




e

PAGE o445

C
1542 «=rlTS(islole)
1512 FL==aT(MTrPs o TO <Er<CCE5Ss- 1 TU PROCESS NEw DATA w,
1 W) 2 T3 STCPh)
RERD(le%) |
IF(I-1)i4,e124152%
1522 S5Tor
EnD
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FTuel

C

C Jae C2"ll3"71 .

C .

c TAI5 1S Tre FI<5T SET OF SU3KUUTINES FOR THE
C PLa3R2a. Srudd

c

SUZxTJUTING %QLFI(vwevELovCKIToDCRITcSUEPvICRIT;IDEP’
1 YsbenuNGESEAT)
DIMZ 1S {dn V(L) eo(l) oT(42)

TAIS SiferduTInt CALCULATES THE RANGE ANUD EXTENSION OF
Thd 54700, Z04r FOw 1HE MULTILAYER MOULEL.

OGO

DCRI=D(IC~IT)
VCrI=v(IC<IDN)
D0 14 I=-eICKIT
19 T(I)=SwRT((V¢+V(I-1))*(VW-V(I-1)))*SOHT((VW*V(I))“(VU-V(I)))
OFErP1=)(Iuck)
VELl=v(1DEPR)

CALCULLATE EXTENMSTION

OO0

[F(JEP1-UCFE) 28430
28 1=12EPs+}
DEr2=D(1)
. VELZ2=v(])
‘ S=SJ*T((Vn+VEL)*(vv-vEL))*SQRT((Vw*VELE)“(vw-VELZ))
' ExT=(DEPE-SUEP)*(VEL+VELZ)/S
S=SURT ((VH+VCRI) # (v4=VCRI) )
ExT=EXT'(uCHIT«JC@I)“(VCRIT+VCRI)/S
Gu TO 42
34 EXT=(DC9£T*SUEP)*(de[T*VEL)/SQQT((Vﬂ*VEL)*(Vd-VEL))
40 IF(JEPZ=UCW])SdeTw
S50 Il= IDEP+2
DO 54 T1=ILsICRIT
64 EAT=EXT*(D(I)~U(I~1))*(V(I)*V(l-l))/T(I)
TV EXT=EXTH2,

CALCULATE ~aNSE

OO0

S=SQ&T((V&*VELI)*(VJ‘VELI))*SQHT((V@*VEL)*(V@-VEL))
RAaG€=(bucP-uEPl)*(VtL*VELl)/S
DO 5« [=¢yluzi
B4 R&mSE=~ANuE*(O(I)~U(I-1))*(V(I)*V(I-l))/T(I)
RETJ=
EnD

———
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PAGE

OO0

SUSZOUTIMNE Ta0(VA«VCIToUCRITySIEP +DD9DTURNY

1 VIURM 9 PANGE sEAT o THICK]

THIS 35UsRIUTINE CALCULATES THE RANGEs EXTENSION AND
THICANESS OF Tnt SHAUOW ZONE FOR THE 2 LAYER MOOEL.

IF (AT deci= i) 1 5020

VEL=SVTUN+ (VORI T=viuxn) # {SUEP=-DTuxN) Z (DCRIT~DTURN)
S=SART((V4+VEL) #(VO=-VEL))

EXT=2.#(OCPIT~-SOEP) #(VCRIT4VEL) /S

S=S+S Y- TU(VI*VTURH) #(vO=-VTURN))

RANSE= (SOEP=-OTURN) * (VIURN+VCL) /S

RANGE=FANGE *OTURINT (Vo+VTURN) /SQRT ((VA+VTURN) # (VO-VTURN) )
THICK=D%+ (DTURN=D") * (V~-VEL) /7 (VA=-VTURN)

GG T9 39

VEL=VTURR+ (VO~v TURN) # (SDEP=DTURN) 7 (DO-DTURN)
S=SIRT((VeevTu) # (vu=vTURN) )
RANGE=SDEF= (VW +VEL) /S
EXT=2.%(UCRIT~DTUrN) # (vCRIT+VIURN) /S
S=S+SOPT{(VH+VEL) % (VU=-VEL))
EXT=EXT~2.2(S0EP~UTURN) #(VEL+VTURN) /S

THICK=DTUXN+* (DCRIT=OTUKRN) # (VEL=VTURN) 7 (VB=VTURN)
cETJRN

END

453

UHROUTINE BTRAN(VeDeNeSyPHI)
DIMENSION V(1)eD(1)

THIS SUBROUTINE CALCULATES THE SGUND VELOCITIES V(I)
AT DEPTHS D(I) FrOm THE TEMPERATURE VALUES INITIALLY
STORED IN 4AxRkAy Ve 5 IS THE SALINITY AND PHI THE
LOMGDITuwe

D0 1o I =1eiy

V(I) =193+ 3a# (VI =10a)=de006#(V(I)=1d,)%(V(]I)=10s)
1 ~L a4 (VL) =18)#(V([)=1Bas)+la2#(S5=35,)~0.01%

2 (V(I)=18.)#(5=354)+D(I)/ALa+lE=7#D(I)*D(I])

3 +24E=12*0 (D) #D (L) # (V) =1Ba)*(V(]I)=18.)¢*1leE=4%
4 N{{) w51/ ce+centl=a#V([)#(V(I)=S4)#(V(I)=254)

P CoNTI g

e Ne]

RETJRN
EnD
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£230%

-

SUERIJTIre FINTP(veNeITURrM)
DIYENSION V(1)

THIS SUsRVuUTIud FINDS TrE ®IN{MUM ELEMENT OF
ADRaY y AMD PLACES ITS SUFFIX IN LOCATIOM ITURN

VMIv=vV (1)

DO 24 I=¢sN
IF(V(I)-viTi) 10920
VauIN=V(])

IviN=I

COTINUE
ITUu=N=T4IN

RETURN

EnD

0145

SU3SDJUTING FIVAL(A9I9VALUESRESLT9ISSCRrRaNLIIN2)
DIYZJISION A{l)43(1)

THIS SU3RDJTINE FINDS THE VALUE IN ARRAY B WHICH
CORRESPOMDES TU "vALUE" IN ARRAY A AnD PLACES IT IN
RESLT. N1 AND N2 ArRc THE LIMITS OF THE ARRAY SUBSCRIPTS
SO ARRANLED THAT N2 IS THE SUBSCRIPT OF THE LARGEST
VALJE COF A,

N=IA3S(Nl1=N2)
IF(N1=n2) 12927

INCR=1
GO TO 3v
INCR==]

UG 54 T1=1aeN,

I=N1+INCr¥I1

J=I-INCR
IF(VALUE=a(]))5%e0
DEL=(VeLuc=-A({])) "(a(J)=A(I))
RESLT=w (1) +0EL*(3(U)=3(1))
ISSCR=]

GO TJ €3

CONTINUE

RIZTURN

END
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P

FTael

OOOOO0

OO0

lv

24
34
4%
59

8¢

99
130
114
124
13¢
lay

152

152
179
14/
19~

244

21l

Je®o 87’1.4"/1

T-15 IS THe SECIHD SET OF SUE<UUTINES FOn THE
P<3574. $=1Z0 : :

S3SY TS 64&7(Iua%t-ISC:H,OCRIToLAYﬁRoISHAP):
DT 2 3:o Paad(i)

TAIS SU3<JUTIne PRUUJCES ThHE SASIC GRATICULE FOR
Gra”+I¢ UIS~LAYS,.

CALL Z~abSc

CaL. -HGHE
WNRITZ(1%5+17) ] i
FORLAT(/)

Cat . Zrdnmb
IF(ISmar)~a+2)
WwRITZ({loeldn)
FOrAaT(224010¢M)

wr ITE(16932) (LUAME(L) 2 I=196)
FORMAT (12Ae¢"X 8 T Ye6(X9Al) sten)
IF(LAYER) D7 eRy109 )

HRITE(15e72) i '
FOrd4aT (224«*T 4 O LAY ERY

GO TO 124 i

WA ITZ(15e97)

Foa~aaT (A) !

Gu TLU 1lz¥

We [TE(16e112) '

FomaaT(zgae" U L T I L AY E RY)

Crli LL7=-= |
WeITE(1oel30) JCRIT

FORMAT (/92749 "CrITICAL DcPTd =HeFdel29 METREDY)
IF(IS-:F)lalelnd '

W [TE(lbel50)

FORMAT (6Xs130URCE €Y)

6o T2 139

HRITE(LHy17¢)

FORMAT(13Aa4t1enr)

vy [TE4Y541C ) I3CSU

FO<WAT (MuZrTH SCalle = "y ]Sy M/ZUNIT™)

CaALL D4-xK(23+531)

cap. 3~I16-(232+431)

CaLL 3=xItrm(1423+31)

CaLt 3xIun(1423+631)

CaLL 8-[um(23631)

DO 2la I=523'3£302ﬂ@

CALL DarK(Ie3l)

CaLL 3=IGn(l+53) '
00 2:¢¢ J=c£3+533416

CALL RPQINT(isJ)

CALL DErK{Ie599)

CarL S~IGa(isn3])

DD 23¢ I=15145110120

39




: PAGE 3¢ 42

CALL Daxk (231D
CaLL 3<ioun(55+1)
DG 227 J=dT+991¢15
223 Cais 23T (Us])
; _CALL dan(9I1le])
" 23% CALL S~Iun{ld23+1)
CALL DJaxi(7e+031)
CrL. alLrris
ARITE(16+24%)
249 FORALAT (Mg e//)
IF ({ISH5P) 252279
. 254" wRITE(15e29%)
A . ) 26';; F()'; 45T("5"/“\)"/"U"/“R"/"C“/“L':/)
. 27¢ =~1Tc(1592R¢)
1 28m xF'J""“"“I (llUll/"Ell/llP.l/ll rll/ll”ll)
RETJRN
END

(g

LT AW

- H
PAGE wr4¥3

A

FUSCTIGY LSCAL (RAMaX)
DI AZnSTUN ISC(3) s AMAX(3)

FunCTIOm TAKZS THE NEXT VALUE ABOVE RAMAX FROM
3Ty 1#14%%iyy 2%]utENy S#]1Q#2N WHERE N=14293ccese

0006

IsC(l) =l

' ! v [sc(2)=¢

: ' IsC(3)=>

! ! XMAX(1)=5,.

: ’ ' XMAK(2)=12,

XMaA{3)=¢gs.

14 00 3¢ [=143

‘ ' ‘ IF(K9aX (1) ~RAMAA) 30420

7 2v 1SCAL=[5C(I)
GO TO 54

3¢ CONTINUE

’ DO 44 I=1e3
CISCiDy=lex®ISC(D)

49 XvmaA(l)=loe®¥XAnA(])
GO TO 1lv

‘ 50 RETJIRN

END

Lol Ry
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45
54
60
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94

198 J=1352°T1+¢

1 CelavensisTleilsT2exay))

1

-

Su~33 i1z O2T=3(ZeSUTP e 3P 9 ISUOTeDuAX s I I TURMIN»

UL <Z0E237 CULDYo8(2) v (])

T413 5Us5uTf-.c CALCULATES Tht DISTAHCES TO THE
YC=TZ 125 UF ~AYS il VUGRTEX AT a DEPTH Z AND ALSO
T=E 237 IuS UF T wavs AT TAESE PUINTS

PS:ize )=5uinl((as3)%(a=5))
Flo vELUCITY AWl JDEPTa £ ZTZ.

DSJ)>2T=6:(1507T)

V3552T=4{1>50¢T)

CALL FIVAL(VDeYelednelZPTeiiunneld)
1Z2=T=17vT~}

DZPT=3(14°T)

VZeT=4(14PT)

SK=S5iZLLS COUSTanT Fur TAz QY

Ceals TT =il /edesnal £4ILZ2ToNeITURY)
DLZZT=5{1c2PT)
VLZ2T=v (Ii.Z°T)

FI:0 Tnz 915Tanie TO Tdc FIRST TURNING POINT
DISTli=".

IF(laZ~e=i3 2325 0 ) 3900 )
DISTi=(Suif=-0SDPT) = \WSDEP+VSLPT) /7 (RSU(SKs VSDPT) +RSQ{SK 9+ VSDEP) )
IF(IS2ET=122T) 10030010

YT T

DO 29 [=usivDPi

IF(3x=-v(f~1))17+13

IF(S<=-u([))17+24

CIZST . o

DISTZ2=1.E1+

GO TI luvw
DISTI=DISTI+C(I}/(RSQ(SKeV(I-1))+rRSQ(SKsV(I)))
IF(lel-4~5K+V2ZPT) 4y 45
SIoTI=0ISTI«(ULPT=2)#(VZ2T+2. /352 (SKeVZPT)

FIvju Tac DISTanCk TO Trng SECUNOD TURNING POINT

IF(Z=Jnar)héeSy

DISTZ=ulSTl

GO TD jaw

IF{OLZ=u(1SuPT+1)) 7090

IF(leS=4=5x+VSJZP)dse149

DIST2=uloT1 2% (ILZ2~32EP) #(SK+VSDEP)/ (KSQ(SKeVSUEPR))

GO TO 14w ‘

DISTZ2=LISTi+2.%#(D(ISUPT+1)=-SDEP)=(V(ISDPT+1) +VSDEP)/
(RSU(3% o/ ([SOPT+1)) +R3IU(SK4VSDER))

IF(ILZ-T=2530°PT=1)10seil v}iue

-

DO 112 I=JeILZFPT

PP LA

41




s TR i St

b

[P

PAGE Dei>

112 DISTZ=iIST242.5C (1) 7 (RSQISKoVII~1)) +RSG(SKsV(])))-
122 IF(l.Z-%~5%X+viL Z?T)i3s149
134 QIST2=ﬁI$EZ*Z.4(BLL-GLZ?I)‘(§K*VLZ?T)/RSO(SK9VLZPT)

Cc
C CALCULATE RADLIUS AT TURNING POINTS
Cc

145 RRD=3<5 (Ve T=-DIiZPT-1)) /7 V(I1ZPT~-]1)=-VZPT)

KETU=N
E=D




