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ABSTRACT

Observed underwater acoustic multipath arrival structures are
compared with theoretical predictions based on historic sound speed
profiles for the vicinity of the Mid-Atlantic Ridge (3500 m water)
and the Blake Plateau (1000 m water). Examining these comparisons
for surface duct environmental conditions resulted in the conclusion
that wave theory is necessary for predicting the distribution of
received energy and that classical ray theory (i.e., ray propagation
using the high frquency assumption without sound leakage correction)
is inadequate.

ADMINISTRATIVE INFORMATION

This technical memorandum was originally prepared under Project
No. A62000, 'Acoustic Communications for Submarines and Surface
Vessels,' Principal Investigator, A. W. Ellinthorpe. The sponsoring
activity was the Naval Sea Systems Command, NAVSEA 63DB, D. M.
Early, Program Manager. The memorandum is being issued under
Project No. A65000, 'Environmental Acoustic Support for Shipboard
Sonar', Principal Investigator, B. F. Cole. The sponsoring activity
is the Naval Sea Systems Command, NAVSEA 63R1, D. E. Porter, Program
Manager.

When this memorandum was originally prepared (14 May 1981) the
author was located at the New London Laboratory, Naval
Underwater Systems Center, New London, Connecticut 06320. The
author is presently located at Arete Associates, Arlington, Virginia
22202.
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INTRODUCTION

Observations of multipath arrival structures made at sea using
short pulses have indicated that energy leaking into and out of
surface ducts can play a significant role in the propagation of
acoustic energy. This leakage phemomenon was first reported over
twenty years ago by W. Thorpe and others with reference to leakage
into and out of refracted-surface reflected (RSR) paths. Recent
experience has indicated that this leakage phenomenon can also be of
importance for energy propagating via bottom bounce modes.

This leakage phenomenon will be quite general, since surface
ducts exist for a good portion of the year in many regions of the
world's oceans. 1In fact, Thorpe et al., also demonstrated that the
surface duct need only be present over some part of the total range
in order for the leaky arrivals to exist. The particular leakage
mechanism which is referred to is shown pictorially in Figure 1.
Simply stated it is tunnelling through a potential barrier, an effect
which diminishes with increasing frequency and with increasing
distance of the source/receiver from the duct boundary. This does
not imply that the effect is important only at low frequencies;
first, depending on the particular source/receiver geometry and the
duct shape, this effect could have an impact on current and future
operational sonars, and second, scattering into and out of the duct
by internal/surface wave action may enhance the effect.

This phenomenon leads to the characteristic arrival pattern shown
in Figure 2. The salient aspects of this arrival structure are a set
of equally spaced early arrivals followed by arrivals with rapidly
decreasing increasing with range. If classical ray techniques are
used in an attempt to predict the arrival structure the earlier
equally spaced arrivals will be missing. On the other hand,
solutions which account for the wave nature of the acoustic field
will be successful.

The purpose of this memorandum is to compare observed multipath

arrival structures with those predicted using ray theory (CONGRATS 1I)
and wave theory (parabolic equation (PE)) and to indicate the

superiority of the latter under the conditons stated herein.
DISCUSSION

We wish to examine a set of multipath arrival structures obtained
in the vicinity of the Mid-Atlantic Ridge (3500 m water) and the
Blake Plateau (1000 m water). These data sets are of interest
because it was suspected that leakage into and out of a surface duct
and into bottom bounce paths played an important role in determining
the arrival structure.
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Several examples which illustrate the nature of the multipath structure
are shown in Figures 3 through 6. These data, which are a subset of those
to be used in this memorandum, were obtained at 500 and 1600 Hz using 10
msec Gaussian pulses (Blake) and at 750 Hz using 20 msec Gaussian pulses
(Mid-Atlantic Ridge). In all cases shown, the arrival structure usually
represents an average of the received intensity over thousands of received
pulses. Note also that the time scales on these plots is not the same

for each case,

We will proceed by using historical sound velocity profiles
obtained from reference (a) as inputs to a ray program (CONGRATS I) and
a wave program (PE), profiles which are appropriate for the area in which
the data were taken. For the PE simulation we will use the program
described in reference (b) to propagate pulses whose duration is short
enough to resolve the individual paths. A comparison between the two
theoretical techniques (at 500 Hz) and the observations will then be
made with particular attention being payed to the relative path arrival
times. In each case the water depth will be chosen to match the average
water depth in the experimental areas. ]

_ The first data set which we will examine are those obtained in
the vicinity of the mid-Atlantic Ridge during the month of November.
The results of the PE and CONGRATS runs for a water depth of 3500 meters
are shown in Appendix A. The arrival time data are summarized in Figures
7 through 10 using a water depth appropriate for the experimental area.
We have identified each path on these figures using the following term-
inology: DS indicates a surface duct path, Bn. indicates a bottom bounce
path interacting with the bottom. n times, and a subscript "1 1is attached
to a path if it is generated by energy leaking through the duct. The ray
theory results are always referenced to an imaginary straight line ray
traveling in the duct. As can be observed from this set of data the agree-
ment between the observed arrival times and PE technique is quite good.
As expected the ray theory quite generally fails to predict the earlier,
leaky arrivals.

The second data set which we wish to examine was obtained in the
month of February in the vicinity of the Blake Plateau. The results of
the CONGRATS I and PE run are summarized in Appendix B using a water depth
of 900 meters. The arrival time data is summarized in Figure 11 using the
appropriate water depth. Again, the ray theory results are referenced to
an imaginary ducted ray. Note that the PE technique predicts the arrival
structure quite nicely while the ray technique does not predict the earlier
arrivals.
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The last data set was also obtained in the vicinity of the
Mid-Atlantic Ridge, but this time during the month of March. The
CONGRATS I and PE runs for this time of year and area are shown in
Appendix C for a water depth of 3500 meters. The arrival time data
is summarized in Figures 12 and 13 using the appropriate water depth.
The agreement between the PE technique and the observations on the
first data set are good out to about 37.5 nautical miles but then the
agreement is no longer good, perhaps because of scattering in the
surface duct and/or a change in the sound speed profile in the
vicinity of the duct. The results for the second data set show a
good agreement between the PE method out to 117 nautical miles but
the ray technique again fails once the leaky modes can be excited.

CONCLUS IONS

Being able to understand this leakage phenomenon and to calculate
its effect on the received signal energy is important for a number of
reasons. First the existence of energy which can leak into and out
of a surface duct (or any duct for that matter) is certainly
important for establishing a physical understanding of the
propagation physics. The matter of proper path identification falls
into this category. This is true regardless of whether the energy
leaks into bottom bounce modes or RSR modes. A second, an even more
important reason for accounting for this phenomenon carefully is its
possible impact on operational systems and algorithms. For example,
the effect of this mechanism on sonar systems and system design could
be significant. This is particularly true if one considers that
under certain circumstances, these leaky paths contain a significant
portion of the received energy.

Another conclusion which one can draw from these comparisons is
that one is well advised to avoid standard ray techniques such as
CONGRATS and FACT for example, when it is suspected that leakage may
be important. Techniques such as RAYMODE should also be avoided in
these instances because, although RAYMODE accounts for leakage out of
the duct it does not allow for leakage back into the duct. This is
true even though the technique on which it is based (multipath
expansion) is quite general and includes wave effects. In this
regard, H. Weinberg has implemented a program based on the multipath
expansion technique which offers the promise of a proper accounting
of all the propagating energy. A comparison of multipath arrival
patterns computed using Weinberg's technique, will be made with our
observations in a subsequent memorandum.

Finally, full wave techniques such as PE, FFP, and normal modes,
account properly for the received energy. They however generally
suffer from a burden of requiring excessive computer time in order to
make the necessary computations.
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TYPICAL ARRIVAL STRUCTURE
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APPENDIX A
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RANGE = 5 MILES
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RANGE = 50 MILES
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E110EC35 RIDGE

PEHF2 S0-RUG-BD 19:12:06

$5-5EP-80 18:08:00

T™ No. 811061

8.00

H6. 00

Hd. 00

(SEC)

+2.00

=

J\[\]\/\ . S—

~

-60.

5 R e, T2
ANGLE (DEGREES)

FROM DOKNN

A21

0.00

0.0
LEVEL

-40.0

(DB)

ANGLE, DELARY MAX=-102.52 DB
ANGLE MRX=-99.78 DB

DELAY MAX=-93.55 DB

DESIRED RANGE= US.SNAUTICAL MILES
STARTING FREQUENCY= 495, HZ.
STOPPING FREQUENCY= 505. HZ.
STRATING DEPTH= 102,98 METERS
STOPPING DEPTH= 162.60 METERS
SQURCE DEPTH=78.0METERS
SOURCE WIDTH=10.0METERS
SOURCE AIM=11.0DEGREES
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OEPTH (METERS]

750.

1300.

| e230.

3000.

9750,

e

/
\

|

|
/
VAN

V

v
W

V.

10000. 20000. 30000, 40000, $0000. 80000, 70000,
RANGE  (HETERSI
RUN FOR BT22C
SOURCE DEPTH = 78,00 METERS TARGET DEPTH = 136.00 METERS
SOURCE RANGE = 0.00 METERS TARGET RANGE = 92665.48 METERS
AT CECEIYE TRMERUT SWGRE AP TR ANERLSS
13. -14.4 64.184 ~13.9 15.1 98.28 7
14. 14.6 64.227 -14.1 15.3 g8.35 ]
18, -18.8 65.672 ~18.% 19.3 98.98 [
8. 18.0 6S. -18.6 19.5 99.02 10

8o00a. 90000.

100000.

T90TT8 “ON Wl
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QEPTH (METERS?

/

=

“‘Q
et iy

m /ﬁ(
1500,
/ | / |
¥750.
0. 10000. 20000. s0o00. %0000, 50000. 80000, 70000, 80000, 20000,
RANGE (METENS)
RUN FOR BT22C
SOURCE DEPTH = 78.00 METERS TARGET DEPTH = 136 TER
SOURCE RANGE = 0.00 METERS TARGET RANGE = 9266 149 METERS
TRANSHIT RECEIVE TRAVEL TIWE SURFACE BOTTOM PROPRGATION NUMBER OF
ANGLE  ANGLE  [SECONDSI  ANGLE ANGLE  LOSS (DBI  REVEASALS
1.1 3.8 62.123 0.0 5.8 g8.43 4
3.2 4.9 ©  62.126 -3.1 6.6 97.65 4
8.9 -8.6 63. 000 -8.8 10.6  96.93 3
8.1 9.8 63.027 -8.1 j0.8  B87.10 6

100000,

190118 "ON W1
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RANGE = 75 MILES
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(0B,

LEVEL

L)

PEHF: 3D-RUG-BC 19:12:06

S~SEP-BD 14:15:5)

™ No. 811061
E11DEC35 RIDGE

8.00

16.00

.00

Aa
(SEC)

TIME

re,.00

O
A

0. 00

0.0 -40.0
LEVEL (DB}
.0

ANGLE,DELAY MAX=-10S.09 0B

ANGLE MAX=-102.36 DB

DELAT MAX=-97,73 DB

DESIRED RANGE= 74.SNAUTICAL MILES

STARTING FREGUENCY= 485. HZ.

STOPPING FREQUENCY= 505. HZ.

/"“\\ ‘ff“\ STRRTING DEPTH= 102.98 METERS

b TSI, R T s, o - STOPPING DEPTH- 162,60 HETERS

: e R e Yy S B i R T e SOURCE DEPTH=78.OMETERS
S A HN?LE (BEGHEEgi s R, SOURCE WIDTH=10.QOMETERS

A DB - SOURCE RIM=11.0DEGREES

A29
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DEPTH (METERS

LEY

1500,

2250.

0. 20000. w0ooo. 60000. 80000. 100000. 120000, 1%0000. ' 180000, 180000. 200000.
RANGE (METERS)

AUN FOR BT23C

SOURCE DEPTH = 78.00 METERS TARGET DEPTH = 136.00 METERS
SOURCE RANGE = 0.00 METERS TARGET RANGE = 138998.21 METERS

TRANSMIT RECEIVE TRAVEL TIME SURFRCE BOTTOM PROPAGATION NUHBER OF

ANGLE  ANGLE  (SECONDS}  “ANGLE  RNGLE  LOSS (0BI  REVERSALS

0.9 3.8 93.183 0.0 5.9 80.85 3

3.2 4.9 93.187 -3.1 6.6 101. 34 3

7.0 -7.9 94.019 -8.9 9.0 9.73 7

7.2 8.1 4. 041 -1.2 8.2 99. 94 8

T90TI8 “ON WL



DEPTH (METENS)

A%

0.

éﬁ:
HHH"“"—-

\
\
\

190118 "ON WL

20000, %0000. 80000. 80804, . 100000. 120000. 140000, 160000. 180000. 200000,
RANGE (METEAS)
AUN FOR BT23C i

SOURACE DEPTH = 78.00 METERS TARGET DEPTH = 136,00 METERS
SOURCE RANGE = 0.00 METERS TARGET RANGE = 138998.21 METERS

ot MEEENE TMERJME HETE" BAITEY IR RS

~3.1 -4.8 93.181 -3.0 6.6 102. 5% ]

-1.1 1.8 93.183 0.0 5.8 90.95 7

-3 5.0 93.191 -3.3 6.7 100.54 1

-1.1 -8.0 94.031 -7.1 9.2 99.87 [}

-7.% 2 94.053 -7.3 9.4 100.04 9
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APPENDIX B

BLAKE PLATEAU PE
& RAY TRACING RESULTS
(FEBRUARY PROFILE)

B1/B2
REVERSE BLANK



T™ No. 811061
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(SH3L3IHW)

1135 -

1250.

1500. 1510. 1520. 1530. 1540. 1550.

3480,

SOUND SPEED

1480.
FREQUENCY = 460.0 HZ

JU60. 1470,

1150,

(METERS/SEC)

500.0 METERS -

PROBLEM RANGE = 138750.

PROBLEM DEPTH = 1100.0

BOTTOM DEPTH = 900.2 METERS

VERTICAL MESH SPACING = 1.07 METERS
BOTTOM RTTENUATION CONSTANT = 0.001000
ATTENUATION SCALE LENGTH = S00.0

SVP TRANSITION REGION=

METERS

RANGE MESH SPRCING = 62.50 METERS

B3



T™ No. 811061 $-527-80 19:00:19

o3 _
Iy
1.
10.
-
S
=
K
L]
1
t
100.
\
/
"
e e
1000.
10000,
1850, 1480, 70, 1480, 1880. 1500. 1510. 1520. 1530, 1540. 1550,

SOUNG SPEED (METERS/SECDNO)

AR17CFEBY0 BLAKE
FREQUENCY = 460.0 HZ

SOURCE DEPTH = 78.0 METERS
SOURCE RIM = 4.0 DEGREES
SDURCE WIDTH = 6.1 METERS

PROBLEM DEPTH = 1100.0 METERS

HETERS
VERTICAL MESH SPACING = 1.07 METERS
BOTTOM ATTENURTION CUNSTRNT = 0. 001000
RTTENURTION SCALE LENGTH = 500
SVP TRANSITION REGION=S00.0 HETEBS

PROBLEM RANGE = 138750. METERS
RANGE MESH SPACING = 62.50 METERS

B4
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RANGE = 5 MILES
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A17CFEBSO BLAKE

PENFe  B-SEP-80 18:00:14

T™M No. 811061

@0

2.00

NA

+1.50

e

r1.00

(5EC)

TIME

ro.50

ol
=

“ohﬁn. -40.

FROW DOWN

JAYAN

~20.
ANGLE

0. 2,
(DEGREES)

B7

uo.

FROM UP

0.0 -40.
LEVEL (DB)

0.00

ANGLE, DELAY MAX=-81.72 DB
ANGLE MAX=-78.16 DB

DELAY MRX=-75.02 DB

DESIRED RANGE= S5.ONARUTICAL MILES
STARTING FREQUENCY= 460. HZ.
STOPPING FREQUENCY= S40. HZ.
STARTING DEPTH= 104.20 METERS
STOPPING DEPTH= 164.36 METERS
SOURCE DEPTH=78.0METERS
SOURCE WIDTH=6.1METERS

SOURCE AIM=4.0DEGREES



84

DEPTH (METERS)

woa.

B00.

Vi
W

-

1000, 2000. 3000. X000, $000. 6000.
AANGE (METERS)

RUN FOR BT63B

SOURCE DEPTH = 78.00 METERS TARGET DEPTH = 13
SOURCE RANGE = 0.00 METERS TARGET RANGE = 92
TRENSHIT RECEIVE TRAVEL TIME SURFRCE BOTTOM PROPAGATION
ANGLE ANGLE  (SECONDSI  "ANGLE  ANGL Loss (D
36.6 -36.5  7.632 -36.6  37.8  Bl.1S
31.7 37.6 7.740 -37.7  39.0 81.29

2000. 800D, 9000.
.00 METERS
6.55 METERS
NUMBER DF
REVERSALS
7
a

10000.

T90TT8 °ON WL



69

OEPTH (METERS)

Hoo.

Ll

<

N
W

1000. 2000, uooo. : 5000, 7000.
RANGE (METERS)
RUN FOR BTG638
SOURCE DEPTH = 78,00 METERS TARGET DEPTH = 136,00 METERS
SOURCE RANGE = 0,00 METERS TARGET RANGE = 9266.55 METER
TRANSMIT RECEIVE TAGVEL XIME SUGFACE BATTON PROPACATION NUMBER of
ANGLE  BNGLE  (SECONDSI  ~ANG NGLE  L0OSS (D81  REVERSALS
20.8 20.7  6.550 -20.0 233  79.62 4
2817 28,6  6.884 “38l7 3ol ealsi s
30,0 2.8 7.071 sl 3107 eoldu 6

T90TTI8 "ON Wl



olLg

OEPTH (METERS)

) /\
200, \ / / 7
oo,
N N N
- \/ \/ \\/
1006.
0. 1000. 2000, 3000. 4000. $000. §000. T000. 8000, gooD j10000.
RANGE (NETERS!
RUN FOR BT638B
SAQURCE DEPTH = 78.00 METERS TARGETY DEPTH = 00 MET
SOURCE RANGE = 0.00 METERS TARGET RANGE = 55 ME
TRANSNIT RECEIVE TRAVEL TIME SURFACE 80TTOM PROPAGATION NUMBER OF
ANGLE RANGLE (SECONDS) RNGLE RNGLE Los55 REVENSALS
10.0 9.8 6.212 -10.2 N7 76.45 2
19.2 -18.1 6.489 -19.3 1.8 79.4S5 3
7 3 i

T90TT8 °“ON Wl



OEPTH (METERS

L1d

B00.

N
N

Nl

SOURCE DEPTH = 78.00 METERS
SOURCE RANGE = 0.00 METERS

TAANSMIT RECEIVE TAAVEL

4ovs. 5000.
RANGE (HETERS)

RUN FOR BT63B

TARGET DEPTH
TRRGET RANGE

{MF SURFACE BOYTOM PROPAGATION NUMBER DF
RNGLE (SECENOS) ANGLE  RNGLE 0

-7.% 6.184 0.0 13.4

8000,

100

T90TI8 °"ON WL



QEPTH (METERS)

218

PN

$00. AN

600. h

L
A

1000.
0.

1000. 2000, 3000. 4000. 5000. 6000. 7000. 8000. 8000. 10000.
AANGE (METERS)

RUN FOR BTE3B

SOURCE DEPTH = 78,00 METERS TARGET DEPTH = 136.00 METERS
SOURCE RANGE = 0.00 METERS TARGET RANGE = 9266.55 METERS

TAANSHIT RECEIVE TRAVEL YIME SURFACE BOTTOM PROPRGATION NUHBER OF
ANGLE RANGLE [SECONDS) ANGLE  ANGLE LOSS (0B) REVEASALS

-9.1 -8.8 6.199 -9.3 18.1 78.18 2

190118 °"ON Wl



10000.

N

8000.

8000.

7000

6000.

/]
5000

4000.

3000.

2000,

1000.

B 8
- -
1SVIL3H) 1430

B13

RANGE (HETERS)

RUN FGR BTG3B

™ No. 811061

0

YE TRAVE
(5EC

1t

ANG|
10.9

TRANSMIT RECE
ANGLE

78.69

15.5

-11.3

6.231

-11.1



v18

OEPTH (METERS)

v
/ \
\ / ’ / /
\\ \ A //
\ .
1000. 2000. 3000. Y00D. S000. 6000. 7000. 8000. 90600. 10000.
ARNGE (HEYERS!
AUN FOR BT63B
SOURCE DEPTH = 78.00 METERS TRRGET DEPTH = 136.00 METERS
SOURCE RRANGE = 0.00 METERS TRRGET RANGE = 9266.55 METERS
TRANSMIT RECEIVE TRAVEL YINE' SURFRCE BOTTOM PROPRGRTION NUMBER
ANGLE (SECONOS ANGLE RANGLE LOSS (08 REVERSALS
-20.1 6.524 -20.2 22.7 79.55 [
«21.7 6.587 -21.8 4.1 79.70 S
~29.4 7.03¢ ~29.5 31.2 80.33 6

T90TTI8 °“ON WL



DEPTH (METERS!

\WI/AW

918/614

ELYAVAV/EN
VYV WiV

ANYT8 3SY3IATY

1000. 2000, s6a0. wiooag. 5000. 6000. 7000,
RANGE (METERS)

RUN FOR BTG638B

SOURCE DEPTH = 78,00 METERS TARGET DEPTH = 136,00 METERS
SOURCE RANGE = 0.00 METERS TARGET RANGE = 9266.55 METERS
TRANSMIT RECEIVE TRAVEL TIME SURFACE BOTTOM rnurncnvxuﬁ NUMBER OF
ANGLE  ANGLE  [SECONDSI  “ANGLE  RNGLE DSS DBy  REVERSALS
-30.7 30.6 7.123 -30.8  32.4  80.52 ?
-37.2 -37.2  7.604 -37.3  38.5  B81.23 8
-38.3 38.2 7.603 -38.3 33,6  B1.36 8

T90TI8 "ON WL
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RANGE = 25 MILES

B17/B18
REVERSE BLANK



PERF: B-SEP-80 18:00:18

§-5EP-B0 14149:26

™ No. 811061
A17CFEBSO BLAKE

2.00

+1.50

1.00

(SEC)

T

TIME

+0.50

j
T

.
Y

0.00
0.0 -40.0
LEVEL (DB}
_0.0
™
= ANGLE, DELAY MAY=-95.15 DB
= ANGLE MAX=-92.25 DB
DELAY MAX=-89.28 DB
__J DESIRED RANGE= 25.ONAUTICRL MILES
o STARTING FREQUENCT= U60. HZ.
> STOPPING FREQUENCT= 540, HZ.
W STARTING DEPTH= 104.20 METERS
par A S O . A STOPPING DEPTH= 16436 METERS
-uo. P S T T OURCE DEPTH=78.0METERS
-60. -uo. ~20. 0. 201' s L SOURCE NIDTH=6, iMETERS
ri ANGLE (DEGREES e SOURCE AIM=4.0DEGREES

B19
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50000.

§S000.

40000.

35000.

30000.

25000.
RAANGE (HETERSI

20000.

10000,

1SH313W) Wid30

B20

IDOE.

BT1628

RUN FOR

TERS

8,00 METERS
.00 ME

SOURCE DEPTH = 78,
SOURCE RANGE = 0.0

ats

HE SUR
AN

E TRAVEL Tg
(SECDND

—Am oo

........
NO S P O ) v o

o o o AL

D~=OMNNMO



QEPTH (METERS)

¥4

]

;
o

\

. | \

S WAV WW

a. 5000, 10000. 15000. 20000. 25000. 30000. 35000. w000, 45000. 50000.
RANGE (METERS)

RUN FOR BTG62B

SOURCE DEPTH = 78.00 METERS . TARGET DEPTH = 136.00_METER
SOURCE RANGE = 0.00 METERS TARGET RANGE = 46332.74 METERS
TRANSMIT RECEIVE TAAVEL TIME SURFACE BOTTOM PROPAGATION NUMBER OF
ANGLE ~ ANGLE  (SECONDS ANGLE  RANGLE  LOSS (DBl  REVERSALS
2.3 -0.5 30.511 -3.0 11.1  90.87 3
2.8 1.3 30.518 -3.3 11.2  B9.65 4
4.2 -3. 20.639 -4.7 11.6 90.29 s
4.8 4.2 30.653 -5.2 11.8  60.82 6
6.8 -6.4 30.802 -7.1 12.8  91.54 ?
7.2 6.9 30.823 -1.5 13.0  81.77 8
9.2 -9. 1.004 -9.4 1.2 g2.21 9
9.7 9. 31.034 -9.9 1.5 92.33 10

T90TT8 “ON Wl



22d

CEPTH (NETENS)

0.
]
\ \ I ‘ V
oy | \a \ !l\‘ ‘l’ /| f
‘ | H’(
1000. |
0. 000, 10000. 15000 20000. . 25000. 30000. 35000. 40000. L5000, $0000.
) MANGE (METERS!
RUN FOR BT1628B
SOURCE DEPTH = 78.00 METERS TARGET DEPTH = 136,00 METERS
SOURCE RANGE = 0.00 METERS TARGET RANGE = #6332.74 METERS

TRANSHIT RECEIVE TRAVEL TINE SUREPEE RRLTEM IBESCTRAPY REVERSAPS
-2.4 -0.8 30.516 -3.1 1.1 89.57 4
-2.8 1.7 30,523 -3’s 1.2 8972 s
-5 -3.9 30,648 -4.9 11.8  90.56 6
=503 4.5 30.663 5.4 12.0  91.03 7
-7.0 -6.7 30.814 -7.3 12.0  91.67 ]
-71.% 2.2 30.837 -7.8 13.2 pi.08 ']
9.8 -9.2 31.021 -8.7 je.4 g2.28 10
-9.8 8.6 31.051 -10.1 14.6 82.39 11

.t
-

190718 "ON KL



DEPTH (METERS]

veg/€2q

ANVIE 3SYIAN

< * rd b

o. .

G
00, g _— -
wo. . = = 4
son. —o- . - - -
soo. ST i 48 0SS
1000, | .

o. 5000. 10000. 15000. 20000. 25000. 3o000. 35000. 4ooo0. 45000. S0000.

RANGE (METERS)

RUN FOR BTG62B

78.00 METERS TARGET DEPTH

SOURCE DEPTH
0.00 METERS TARGET RANGE

SOURCE RANGE

(L]
nu

136.00_METERS
46332.74 METERS

TRANSMIT RECEIVE TRAVEL TIME SURFACE BOTTOM PROPRGATION NUMBER OF
ANGLE  ANGLE  (SECONDSI  ANGLE  ANGLE  LOSS (DB)  REVERSALS
-11.8 -11.6  31.270 -312.0  16.0  92.57 12
-12.2 12.0 31.307 -12.3 16.3  92.74 13
-14.) -13,9  3).560 -14.2 17,7 92.95 1
“14.4 4.2 31,604 -1y 18.0  93.00 15
-16.2 -16.1  31.891 -16.4 194 93018 16
~16.6 16.14 31.841 -16.7 197 93.22 17
-18.3 -18.2  32.26) -18.4  21.2  93.38 18
-18.7 18.5 32.318 -18.8  21.5 83Ul 19

T90TTI8 °ON W1
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RANGE = 50 MILES

B25/B26
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PENF:  B-SEP-80 19:00: 18

™ No. 811061 '
A17CFEBSO BLAKE

2.00

T+1.50

il

==

LI.OOE
= g1 &
= gl
> 20.50

10, 00
0.0 ~u0.
LEVEL (OB)
_0.0
o
o ANGLE,DELAY MAX=-98.50 DB
= ANGLE MAX=-85.86 DB
DELAY MAX=-91.84 OB
o DESIRED RANGE- 49.SNAUTICAL HILES
Y STRRTING FREQUENCY= U60. HZ.
= STOPPING FREQUENCY= S40. HZ.
T STARTING DEPTH= 104.20 METERS
) o o AR N STOPFING DEPTH= 164.36 HETERS
-0, R O B oL P S L s - g SOURCE DEPTH=78.DMETERS
=60, =ua. ~£0. o, 20, Lo, 60. SOURCE WIDTH=6. IMETERS
rmow o ANGLE  (DEGREES) o SOURCE RIM=\.ODEGREES

B27
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DEPTH (METERS}

0€d/628

oo,

600.

ANYT8 ISY3IATY

1DDDn. 20000. 30000. 40000. $0000. 60000. 70000. 80000. 90000. 100000,
RANGE (METERS)

ARUN FOR BT618B

SOURCE DEPTH = 78.00 METERS TARGET DEPTH = 136.00 METERS
SOURCE RANGE = 0.00 METERS TARGET RANGE = 92665.49 METERS
TRANSMIT RECEIVE TRAVEL TIME SUSFACE BOTTOM PROPAGATION NUMBER OF  TRANSMIT RECEIVE TARVEL TIME SURFACE BOTYOM PROPAGRATION NUMBER OF
ANGLE  ANGLE  (SECONDSI  ANGLE ~ RNGLE  LOSS (D8I REVERSALS ANGLE  ANGLE  [(SECONDS) ~ “ANGLE RNGLE  LOSS (0B)  REVERSALS
-2.4 -1.0 6].032 -3.1 1.1 95.55 B -6.1 5.7 51.475 -6.4 12.4  97.44 15
-2.6 1 61.040 -3.3 1.2 85.59 9 -7.1 6.7 1.633 -7.4 12.9  97.73 16
-3.4 -2.5 61.158 -3.9 11.4  95.83 10 -1.3 7.0 61.655 -7.6 13.1  97.84 17
-3.7 2.9 61.169 -4.2 11.48 86.22 11 -8.3 -8.0 6).831 -8.6 13.6 98.0 18
4.8 -4.0 61.238 -5.0 11.8 5.65 12 -8.5 8.2 61.857 -8.8 13.8 98.14 19
-4.9 4.3 561.313 -5.3 11.9  95.90 13 -9.5 -9.3 62.0439 -9.7 .y 98.31 20
-5.8 -5.4 61,456 -6.2 12,3 91.27 1 -9.7 9.5 62.078 -9.8 4.5 98.38 21

T90TI8 °"ON Wl



T No. 811061

RANGE = 75 MILES

B31/B32
REVERSE BLANK



R17CFEBSC BLAKE

PEMF: B-SEP-30 33:07:58

T™ No. 811061

41.50

é::l
C: 1.00

.0

(DB),

LEVEL

40.
-60.

-4o.
FROM DOWN

—30. o, .
ANGLE [(DEGREES)

B33,

B

= =
) o
© u
> -

<o s

0.00

.0 ~-40.0
LEVEL (DB)

ANGLE, BELRY MAX=-105.18 0B

ANGLE MAX=-102.45 DB

DELAY MAX=-88.69 DB

DESIRED RANGE= 74.SNAUTICAL MILES
STARTING FREQUENCY= UEO. HZ.
STOPPING FREQUENCY= S40. HZ.
STARTING DEPTH= 104.20 METERS
STOPPING DEPTH= 164.36 METERS
SOURCE DEPTH=78.0METERS

. SOURCE WIDTH=6.!METERS

SOURCE RIM=U.O0DEGREES
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20000. 40000,

Yn *h\ m’
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| H" h1
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Ilfl” \\M ’q ‘” f
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SOURCE DEPTH = 78,00 METERS
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000000

sssssssss
UUUUUUUUUUU

190T18 °ON



WNY18 ISYIAT  9£8/5€8

DEPTH (METERS)

oo,

SOURCE DEPTH
SOURCE RANGE

ECEIVE TRAVEL T1
QNOS|

78.00 METERS
0.00 METERS

Hon

=t

80000. 100000. 120000, 140000. 160000. 180000. 200000.
RANGE (METERS
TARGET DEPTH = 136.00 METERS
TARGET RANGE = 138998.21 METERS
TION NUMBER DF  TRANSMIT RECEIVE TRAVEL TIME SURFACE BOTTOM PROPAGATION NUMBEA O
08I REVERSALS ANGLE ~ ANGLE  (SECONDS) RNGLE  ANGLE  LOSS (0BY  REVERSALS
5 11 -4.6 -4.0 91,949 -5.0 11.8  100.21 18
12 ~4.8 8.2 91.963 -5.2 11.8  100.37 19
13 -5.4 -5.0 92. 104 -s.8 12.1  100.63 20
i -5.8 5.2 92.121 -6.0 12.2  100.76 21
is -6.3 ~5.9 92.271 -6.6 12.5  101.00 22
16 -6.4 6.0 92. 291 -6.7 12.6  101.09 23
17 -7.1 -6.8 82.452 -1.4 13.0  101.26 2
-7.3 5.9 92.474 -1.5 13.0 10134 25

190118 °"ON Wl



™ No. 811061

APPENDIX C

MID-ATLANTIC RIDGE PE
& RAY TRACING RESULTS
(MARCH PROFILE)

c1/c2
REVERSE BLANK



S0-AUG-80 02:08:33

™ No. 811061
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1530.

1480,

(SHILIKW)

Hid30d

1 B | —

1550.

1540,

1510. 1520.

1500.

1480.
SOUND SPEED

1870
FREQUENCY = 4895.0 HZ

1460.

1850,

(METERS/SEC)

(=]
o
o
(7, Ll
O v
wo _«
- O
woc o~
x Oud
[2] Hox
TN N
weo— o
U «eZ N .
Wh~—x O
Tw +~XO
X -
Q ZOu
NODZZ
0 «ZOWwo
Ot =
~OOZ O
MUNCOW
MO~ _Jo
b -
n_gox
X Iowvno
[t =12 -]
a1l -
woe X0
aw e
Qiar—Z
T o aocc
WEOQX DK
AD—OD X
[eo] ol ndand 1V}
Do
COWODr->»
Q.@M>MET )

METERS

RANGE MESH SPACING = 62.S0 METERS

PROBLEM RRANGE = 21687S.

c3



AR

T™ No. 811061

'l
1.
10,
£
E !
1
1
1
100. )
.
Z
7
_
[
1000,
-~
10000.
1450, 1460, 1870, 1880, 1490, 1500. 1510. 1520. 15%0. 1540, 1550.
SOUND SPEED (METERS/SECOND)

E11MAR3S RIDGE
FREQUENCY = 495.0 HZ

SOURCE DEPTH = 78.0 METERS
SOURCE AIM = 15.0 DEGREES
SOURCE WIDTH = 10.0 METERS

+ PROBLEM DEPTH = 3700.0 METERS

BOTTOM OEPTH = 3501.3 METERS

YERTICAL MESH SPACING = 1.81 METERS
BOTTOM ATTENUATION CONSTANT = 0.001000
ATTENUATION SCALE LENGTH = 500.0

SVP TRANSITION BEGION=500.0 METERS

PROBLEM RANGE = 216875. METERS
RANGE MESH SPACING = 62.50 METERS

i C4

B0-RUG~80 02:03¢3%



T™ No. 811061

RANGE = 5 MILES

C5/C6
REVERSE BLANK



(DBL

,LEVEL

PEMFs 30-AUG-8D 02:03:33

™ No. 811061
E11MARR35 RIDGE

8.00
D) ©
+5.00
‘ . 00
%)
Lul
- [7p}
r -
© © el
=
+2.00
l].uEID

0.0 -40.
LEVEL (DB)

ANGLE, DELAY MRX=-82.95 DB
RANGLE MAX=-81.13 DB
DELAY MAX=-76.44 DB
DESIRED RANGE= 5.ONRUTICAL MILES
STARTING FREQUENCY= 485. HZ.
STOPPING FREQUENCY= S0S. HZ.
STARTING DEPTH= 102.88 METERS

’ 4 STOPPING DEPTH= 162.60 METERS

0. 40. T 80. SOURCE DEPTH=78,0METERS

SOURCE WIDTH=10.OMETERS
—_— HNGLE (DEGREES) [T SOURCE AIM=15.0DEGREES

¢7



82

QEPTH (NETERS)

0.
a 38
- '//
1500. \\ 7
2250. - 7
3000. \\ //r
3750, =
0 1000. 2000. 3000. %000. S000. 8000. 7000. 8000. 8000, 10000,
MRNGE [METERSI
RUN FOR BTS7C
SOURCE DEPTH = 78.00 METERS TARGET DEPTH = 136.00 METERS
SOURCE RANGE = 0.00 METERS TARGET RANGE = 9266.55 METERS
TR“NS"&T RECEIVE TRAVEL TIME SURFACE 0YTOM PROPRAGATION HWBEN OF
ANGL ANGLE (SECONDS) ANGLE NGLE LO5S (0B) EVERSALS
35.3 -85.3 7.624 0.0 35.5 80.91 1
%6.5 36.4 7.728 -36.6 36.7 81.086 2

190718 °"ON WL



63

BEPTH (METERS)

750.
1500.
2250.
3000.
3750. : :
0. 1000. 2000, 3000. 4000. 5 8000. 7000.° 8000. 9000. 10000.
RANGE (METERS)
RUN FOR BTS57C /
SOURCE DEPTH = 78,00 METERS TARGET DEPTH = 136,00 METERS
SOURCE RANGE = 0.00 METERS TARGET RANGE = 9266.55 METERS
TRANSMIT RECEIVE TRAVEL TIME SURFRCE BOTTOM PROPRGATION NUMBER OF
ANGLE (SECONDSI  ANGLE  RNGLE  LOSS (DBl  REVERSALS
-1.9 6.084 -3.2 0.0 88.84 1

T90TI8 °ON Wi



(1 4]

QEPTH (NETERS)

a4

|

3000.

N

fd

8758.

SOURCE DEPTH
SOURCE RANGE =

= 78.00 HETEHS TARGET DEP

2000, 3000, soon. 5000. 8000. 7000. 8000. 9000,
NANGE (METERS)

AUN FOR BTS57C

136.00 METERS

0.00 M TARGET RAN 9266 55 HMETERS

TRANSMIT RECEIVE TRAVEL T

IME SURFRCE BOTTOM PROI PRGRELHN HBER OF
ANGLI ANGLE (SECONDS) s

-RNGL NGLE LDSS EVERSALS
-36.0 ~36.0 7.664 ~36.1 36.2 81.00 F
-37.1 3.1 7.7190 -37.2 9.3 81.15 3

T90TI8 °ON Wl



T™M No. 811061

RANGE = 12.5 MILES

c11/C12 |
REVERSE BLANK



(D8,

LEVEL

i PEHF:r 30-RUG-80 02:03:33

8-SEP-B0 13:152:48

™ No. 811061
E11MAR3S RIDGE

8.00

.00

A/\ AWANES

.00
[ 5]
(TH]
o
Ll
=
Bt
-
+2.00
0.00
0.0 ~40.0
LEVEL (DB)
.0
ANGLE, DELAY MAX=-87.00 DB
ANGLE MAX=-85.15 DB
DELRAY MAX=-80.20 DB
DESIRED RANGE= 12.S5NAUTICAL MILES
STARTING FREQUENCY= 495. HZ.
STOPPING FREQUENCY= 50S. HZ.
STARTING DEPTH= 102.98 METERS
| 40. 0 . STOPPING DEPTH= 162.60 METERS
60.

— SOURCE DEPTH=78.0METERS
o e : SOURCE WIDTH=10.OMETERS
FROM GONN HNGLE [DEGHEES] PR SGURCE RIM=15.0DEGREES

C13



LI

OEFPTH (NETERS)

3750,
0.

Z500. 5000, 7500 10000, 12500, 15000. 17500. 20000.
MANGE (HMETERS!

RUN FOR BTS6C

%gs TARGET DEPTH = lgﬁ 00 _METERS

SOURCE DEPT .
TARGET RANGE = 23166.37 METERS

H=7
SOURCE RANGE = O

TRANSNIT REEEIVE TARVEL TIME SURFACE BOTTCOM PRUPRGRT%FM

NUHBER OF
ANGLE ANGLE [SECONDS) RANGLE  RNGLE LOSS (D REVERSALS

30.2 30.2 17.960 -30.3 30.% 88.30 L}

22500.

25000,

T90T18 “ON WL



DEPTH (METEAS)

"S12

1300,

-

2500. 5000. 1500, 10000. - 12500. 15000. 17500,
RANGE (METERS

RUN FOR BTS6C

E = 78,00 METERS TARGET DEPTH =

SOQURCE OEP 1
0.00 METERS TARGET RANGE = 2

T 36.00 METERS
SOURCE RANG 3166

66.37 METERS

TAANSMIT RECEIVE TRAVEL TIME SURFACE BOTTOM PROPAGRATION NUMBER OF
ANGLE ANGLE (SECONDS) ANGLE  ANGLE Loss (08! REVEASALS

———

28.7 -20.6 17.891 -29.8 29.9 88.23 ]

T90TT8 °“ON Wl



™ No. 811061

N

2%000.

22%00.

17500.

15000,

12500,
AANGE (HETERS)

N

7300,

“\\

N
S000.

2500.

730.
13500.

2230.

$000.

3750,
0

Y3130 W10

Cl6

20000,

OTTON PROPAGRY
N EUSS (Dg

RAVEL T%NE SURFRCE B
{SECONDS) ANGLE  RNGLE

AUN FOR BTS6C

RECEIVE T
ANGLE

&T

TRANSH
ANGL

7
0.00 METERS

DEPTH = 78,00 METERS
RANGE =

SOURCE
SOURCE

Rl

85.33
86.53

oz
« .
>

0
-15.1

-0
N
oo

.«
-3

~14.0
14.8

14.1
14.9



L1D

DEPTH (METERS)

750.

1500. *

2230.

: /4

3000.

N7

3750.
0.

wwm
CC

250

0. so00, 7500. 10000. 12500, 15000. 17500,
ARNGE  (METERS)
RUN FOR BTS6C

DEPTH = 78,00 METERS TARGET DEPTH = 136,00 HETE?S
RANGE = 0,00 METERS TRAGET RANGE = 23166.37 METERS

TRANSMIT RECEIVE TRAVEL TINE SURFACE BOTTOM PROPAGATION NUMBER OF

ANGLE  RNGLE  (SCCONDS)  ANGLE ANGLE  LOSS (08) REVERSALS

S48 -14.4 18,048 -14.8  15.0  85.43 2

Z1sis 1s.2 18l093 -1s.s  15.8  es.62 5

00:

22500.

230

30-

T90TT8 “ON WL



81LJ

DEFTH INCTENS

s Zs00. £000. ™00, ¢ - 10000, 12500 15000, 17500, 22500. 25000.
ARHGE INETERS
RUN FOR BTS6C
SOURCE DEPTH = 78.00 METERS TARGEY DEPTH = 136.00 METERS
SOURCE RANGE = 0.00 METERS TRAGET ARNGE = 23166.37 METERS

TRANSHIT RECEIVE TRAVEL TIME SURFACE BOYTOR Pl DPHGRTLFN A OF
ANGLE HNGLE (SECONDS) ANGLE  RANGLE 055 (0 E RLS

-30.5 30.5 18.0%2 -30.8 50.7 83.33 S

T90TT8 “ON Wl



T No. 811061

RANGE = 25 MILES

C19/C20
' REVERSE BLANK



PEAFs 30-RUG-8C 02:03:33

T™ No. 811061°

E11MAR35 RIDGE

8.00

18.00

.00

(SEC)

TIME

+2.00

o
@,

- 00
0

0.0 -40
LEVEL (DB)

(DB,

ANGLE,DELAY MAX=-80.25 DB

ANGLE MAX=-87.75 DB

DELAY MAX=-81,99 DB

DESIRED RANGE= 25,0NAUTICAL MILES
STARTING FREQUENCY= 4SS5. HZ.

STOPPING FREQUENCY= 505. HZ.

F STARTING DEPTH= 102.98 METERS

uo. o ' . ; : ) . , STOPPING DEPTH= 162.60 METERS
' T ap. | -20. | O. 0. : L SOURCE DEPTH=78.0METERS
RNGLE EDEGREES * SOURCE WIDTH=10.OMETERS

Fhdu e o SOURCE AIM=1S5.0DEGREES

LEVEL

c21



T™ No.

811061

(SWAL3N) Hid30

€22

/z/ :

\x\ g

= !

_// :

SN |

\ g

\ m
L |

g g £

RUN FOR BTSS5C

EPTH = 78.00 METERS
ANGE = 0.00 METERS

0_METERS
. 74 HETERS

on

o

TRANSHIT HECEEVE TRRVEh T;ME SURFRACE EBTTUN PHUPRGRT&BN NUMBER OF
ANGLE (SECONDS) RANGLE NGLE L0sS (DB} REVERSALS

ANGLE

-10.6
-15:.0

32.076
32.122

~14.3
14.7



€29

$0000.

" | , | o
. Lo ‘-\L /
g i/
\\\ /N L
NS .
l D% 4
10000, 15000, 20000, L m il w000, ¥5000. w00, W3000.

3750, +—
o

RUN FOR BTSSC

SOURCE DEPTH = 78.00 METERS ) TARGET DEPTH = 136.00_METERS
SOURCE RANGE = 0.00 METERS TARGET RANGE = 45332, 74 METERS

TRANSMIT RECEIVE TRAVEL TI1ME SURFACE BOTTOM PEBPRGRTIUN NUMBER OF
ANGLE RNGLE (SECONDS! RNGLE = RNGLE 055 (0B} REVERSALS
5.6 ~3.2 31.059 0.0 5.3 87.30 1
4.6 §.2 31.072 -5.3 6.0 88.89 2

T90TI8 “ON Wl



[N

™ No. 811061

®

$0000.

85000,

/

/

25000.

MANGE (HETENS!

lllll%

<
N

o

i F

(SWIL3N] Hid30

C24

RUN FOGR BTSS5C

TPNeLE "RRGLE. TGEEbublT RRGLE.

88.21
89.37

P~
o

~-3.8 31.066 ~4.9
4.7 91.08) -5.7

4
-5.1



923/82)

JNY1d ISU3AT

DEPTH (METERS)

ATS0.

5000, 10000, 15000, 20000. 25000, 30000, $5000.
PRNGE (METERS)
RUN FOR BTS5SC
SOURCE DEPTH = 78,00 METERS TARGET DEPTH = 136,00 METERS
SOURCE RANGE = 0.00 METERS TARGET RANGE = 46332.74 METERS

TRANSMIT RMECEIVE TRAVEL TIME SURFRCE BOTTOM PRBPAGATION NUMBER DF
ANGLE ANGLE (SECONDSI ANGLE  RANGLE LOSS (DB1 REVERSALS

-14.6 -1u.5 82.102 -11.9 15.1 g2.49 4
-15.0 14.0 32.1u8 -15.2 15.5 892.57 S

190118 “oN



TM No. 811061

RANGE = 37.5 MILES

C27/C28
REVERSE BLANK



»

.0

(DB),

LEVEL

E11MAR35 RIDGE

PEHF: 3D-AUG-B0 02:03:33

TM No. 811061 o 1si28:122

0.0 -40.
LEVEL (DB)

uo.

ANGLE (DEGREEDS

FROM DONN FRonr ur

€29

\/M\ W

Aliased eompanents es {u-ld 16.00
© Q < lim _
0.00

ANGLE, DELAY MAX=-89.27 DB

ANGLE MAX=-96.57 DB

DELAY MAX=-92.88 DB

DESIRED RRNGE= 37, UNRUTICHL MILES
STRRTING FREQUENCY= 485.

STOPPING FREQUENCY= S05. HZ
STARTING DEPTH= 102.98 METERS
STOPPING DEPTH= 162,60 METERS
SOURCE DEPTH=78.0METERS

SOURCE WIDTH=10.0METERS

SOURCE RIM=15.0DEGREES



0€3

DEPTH (METERD)

0.
g.

VI | 1V

T500. 15000. 22300, 30000, 37500. wsn0a.
RANGE (MEYERS)

RUN FOR BTSUC

2500

SOURCE DEPTH « 78,00 METERS

TARGET DEPTH = 136.00 ME
SOURCE RANGE = 0.00 HETERS 9499, 11

TARGET RANGE = 69489.1

TRENGUET PRRELYT TREMEGML™ SHTCRES RREIZ TIBESCTORM REVERSCS
NS -14.4 ys.192 -18.7 15.0 85.908 .5
14.8 n.7 48.177 ~15.0 15.9 96.04 8

190718 "ON Wl



LED

DEPTH (METEAS]

e e ]

1500,

2250.

N\

.

75000,

7500. 15000, 22500. 30000. 37500, 4s000. 52300. 80000, 67500.
RANGE (METERS)
RUN FOR BTSUC
SOURCE DEPTH = 78.00 METERS TARGET DEPTH = 136.00 METERS
SOURCE RANGE = 0.00 METERS TARGET RANGE = 69499.11 METERS
TRANSWIT MECEIVE TRAVEL TIME SURFACE BOTTON PROPRGRTION NUMBER OF
ANGLE  ANGLE  (SECONDS)  “ANGLE  ANGLE  LOSS (DBI  REVERSALS
2.0 0.7 15.258 -3.2 Y4 97.23 2
7.9 =7.7 47.004 ~8.3 8.0 94.16 3
8.3 8.1 ¥7.029 -B.7 0.2 04.42 4

. T90TT8 *ON W1



DEPTH (METERSS

fAN)

. N 7

TS00. 15000, 22500. 30000. 37500. 45000, 52500. 80000.
RANGE (METERS)

RUN FOR BTSUC

SOURCE DEPTH = 78.00 METERS TARGET DEPTH = 136.00 METERS
SOURCE RANGE = 0.00.METERS TARGET AANGE = 69u99.11 METERS
TAONSUET CRRELE MSMELWLT SHRGCET RRLIEY "ISSSSURM REVERSals
-2.0 0.8 46.263 -3.3 (8 93.84 3
-8.1 -7.8 47.018 ~0.5 9.0 04,3} L]
~-6.5 8.3 47.044 -8.9 9.4 94.59 5

T90TI8 °ON WL




OEPTH (METERS)

#€3/€€D

NV ISY3IATY

500, 15000, 22500, 3000a. 37500. %5000. 52500, 60000. §7500. T5000.
AANGE (METERS)

RUN FOGR BTSUC

SOURCE DEPTH = 78.00 METERS TRARGET DEPTH
SOURCE RANGE = 0.00 METERS TARGET RANGE

TRAANSMIY RECEIVE TRAVEL TIWE SUHFACE BOTTON PROPAGATION NUMBER OF

ANGLE ANGLE (SECONDS) ANGLE  RNGLE LOSS (08} REVERSALS
-14.7 -14.5 48.158 -14.9 15.2 86.02 6
~-14.9 .8 48.204 ~15.1 15.4 96.08 7

190TT8 “ON Wl



™ No. 811061

RANGE = 50 MILES

C35/C36
REVERSE BLANK



. PEHF1 30-RUG-80 02:03:93

N-SEP-B0 14:80:27

T No. 811061
E11MAR35 RIDGE

-y - g \\\ 8.00

®
/\

.00
O
L
L
T =
8
G 0
re. 0o
|
0 0 p
4
T ﬂhﬂﬂ

0.0 -u0.
LEVEL (DB)

0.0
e8]
] ANGLE, DELAY MAX=-103.25 DB
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