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INTRODUCTION

CONGRATS is a collection of ray tracing programs designed to model
acoustic propagation and reverberation. Although these programs produce
& variety of useful printed and plotted output, there occasionally ,
appears a need for specific informaticn that is not provided by the
basic programs. Rather than develop a large number of individual pro-
grams, it is usually simpler to modify the existing program in response
to a particular need. This euse of modification makes the CONGRATS
series an extremely versatile tocl. In the present case a modified
version of NUSL Progrem S50991, the CONGRATS Ray Plot Program, was used
to construct tables showing propagation loss vs initial inclination
angle for both continuous velocity gradient and constant velocity pro-
files. The tables also include horizontal range, slant range, and
incident angle at the target as = function of initial angle. Propaga-
tion loss consists of spreading loss and attenuation loss. This
memorandum includes a discussion of the tables, a comparison of the
two methods of computing range and propagation loss, examples of the
output, and graphs illustrating the discrepancy between the two
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DISCUSSTON

The dssirea information vas computed for given hydrophone depths.
A table was printed for each depth, gilving for each cource angle the
following information:
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1. CONGRATS velocity profile:
a. Horizontal range in kiloyards

b. Prcpagation loss in decibels
c. Target angle in degrees jﬁfﬁ“‘”ff'”"'—”f*TI//
d. Slant range in kiloyards e § i St J
2. Constant velocity profile: P
a. Horizontal range in kiloyards o

b. Propagation lose in decibels
c. Target angle in degrees
d. &Slant range in kiloyards

Data used were as follows: STRIRL TN

1. Velocity profiles: {
a. 9 November 1G65
b. 11 January 1966
c. 12 February 1966
d. 26 March 1968
2. Target depths for each velocity profile:
a. 100 ft
b. 865 £t
c. 1696 ft
3. Sonar angles used were 1.5° to 89° in increments
of! 0.5°
k. Sonar depth = 18 ft
5. Transmission frequency = 3550 cps.

The tables produced by this modified program can show under what
conditions straight line geometry is a reasonable approximation to the
curvilinear ray tracing technique. Since the results for the profiles
for 11 January 1966 and 9 November 1965 are representative of the
results cbtained from all the profiles considered, only these two cases
are included in the examples of output illustrated.

Figures 1, 2, and 3 show examples of the output for the velocity
profile of 11 January 1966. Although source angles used for all the
tables were 1.5° to 89°, in this particular case the 1.5° ray is
eliminated because it vertexes slightly above the 100 ft depth and
does not reach the level of any target depth considered. Consequently,
in the examples shown for this profile, the initial source angle is 20,
Figure 4 1is a plot of the velocity profile for 11 January 1966. Figure 5
shows a graph representing the difference in the horizontal range obtained
by using straight line geometry and the horizontal range obtained by
means of the curvilinear ray tracing technique for this profile. A
similar graph of the difference in propagation loss is shown in Fig. 6.
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The sample page from the January table for the 100 ft target depth,
(Fig. 1), chows a difference in horizontal range of 0.1347 kiloyard and
a difference in slant range of 0.1346 kiloyard for a source angle of 20°.
The difference in propugation loss is 1.0k dB. As the angles increase,
the differences in ranges decrease, as well as the difference in propa-
gation loss, so that at 2.5° the difference in both horizontal and
slant range is only 953.4 yards and the difference in propagation loss
is 0.4 dB. For larger angles the differences in both ranges and
propagation loss become progressively smaller until at 14.5° the ranges
agree to three decimal places and the propagation losses agree to two
decimal places.

Figure 2 shows the first page from the table for the 865 ft target
depth for 11 January 1966. For the 2° source angle the differences in
horizontal and slant ranges are over 3 kiloyards, but the difference
in propagation loss is less than O.L dB. As the angles increase, the
differences in ranges decrease; however, the difference in propagation
loss increasee to 0.97 dB at 3.5° and then decreases as the angles
increase. TFor the source angle of 10° the difference in the propa-
gation loss is O.4 dB and the ranges differ by approximately 130 yards.
At higher angles the agreement is closer.

The first page of the table for the 1696 ft target depth of the
January 1966 profile is shown in Fig. 3. The same pattern is found here
as at the 865 ft level. At the source angle of 2° there are differences
in range of over 9 kiloyards and the difference in propagation loss is
L.32 dB. As the source angles get larger, the differences in ranges
decrease, but the difference in propagation loss increases to 4.84 dB
at 2.50, after which it decreases as the source angle increases. At
229 source angle the difference in propegation loss is O.4) dB and the
differences in horizontal and slant ranges are less than 100 yards. At
greater angles the agreement becomes closer.

At all three target depths the greatest discrepancy between
curvilinear ray tracing technique and straight lire gecometry appears
for the shallow angles, while for large angles the two methods agree
closely. The differences at all three depths are plotted as a function
of the source angle in Figs. 5 and 6.

In all the cases considered, except the 9 lovember 1965 profile,
both horizontal and slant ranges and propagation loss at the 100 ft
depth are greater for straight line peometry than for curvilinear ray
tracing tecnnique, although in ulmost all instances the reverse is
true for the 865 ft depth and 1706 ft deptii.

All of the profiles considered are quite scimilar, but slight
differences in velocity at numerous denths rec 1t in ccnoiderable
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variation in the differences in runges and propagetion losses between
the two methods of computation., The most extreme variation is in the

9 November 1965 tables. The velocity profile for this date is shown in
Fig. 7. Because, in this profile, velocity is the same at 100 ft as at
the surface, the results of the two methods are the same at the 100 ft
depth. However, at the 865 ft depth the greatest differences in ranges
are more than 6.55 kiloyards and the greatest difference in propagation
loss is 4.32 dB. At the 1696 Tt depth the greatest differences in both
horizontal and slant ranges are more than 15.5 kiloyards and the great-
est difference in the propagation losses is almost 10 dB. Figure 8
presents the graph of horizontal range error vs source angle and Fig. 9
shows the graph of propagation loss error vs source angle for the same
velocity profile.

CONCLUSION

The output shows there can be considerable discrepancy between the
results obtained by using the continuous velocity gradient profile and
the results obtained by using the constant velocity profile. In general,
for the velocity profiles used in this study, the tables show similar
patterns for the different cases. The surprising thing is that the
difference in propagation loss does not necessarily vary according to
the difference in range. For shallow angles the difference is greatest,
the discrepancy being greater in the tables for the greater target '
depths. For large angles straight line geometry is a reasonable approxi-
mation. At what point straight line geometry becomes a good approximation
depends upon the degree of accuracy desired and varies from one velocity
profile to another. The tables constructed by this modified version
of NUSL Program S0991 give a detailed picture of the situation in each
case. This is an example of the versatility of the CONGRATS series of
programs. With a small amount of effort, the existing program has been
modified in response to a specific requirement tc produce a specialized
analysis and tabulated set of output.
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