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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.  In 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 I) 
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 ra 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 5. 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 is 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. 

CONCLUSIONS 

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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LfAKAGE MECHANISM 
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FIGURE 1.  ILLUSTRATION OF LEAKAGE PHENOMENON 
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TYPICAL ARRIVAL STRUCIURE 
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FIGURE 2.  TYPICAL ARRIVAL STRUCTURE 
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FIGURE 3.  BLAKE DATA, 500 HZ, JANUARY 
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FIGURE 4        BLAKE DATA,   1600 HZ,    JANUARY 
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APPENDIX A 

MID-ATLANTIC RIDGE PE 
& RAY TRACING RESULTS 
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RECEIVE     TBPVEL  TIME     SURPflCE     BOTTOM    PROPHGBTION     NUMBER OF 
RNGLE          (SECONOSI          ANGLE       PNGLE         LOSS   (OBI        REVERSHLS 

-35. a 
-36.9 

-35.9         7.683                   -35.B         36.2         80.95                       2 
37.1            7.789                   -36.0         37.3         Bl.lO                       3 

SOOO. BOOO. 10000. 

o 

00 

o 



RANGE = 25 MILES 

An/A12   . 

TM No. 811061 

REVERSE BLANK 



PEHFi S(M)UC-BO 18il2i06 

s-sEP-eo i«i03i«i 

E11DEC35   RIDGE 
TM No. 811061 

fi.OO 

0.0 
m 
o 

-uo.a 

rnoH DOWN 

-20. 0. 20. 
ANGLE    (DEGREES) 

uo. 60. 

0.0 -HO. or 
LEVEL    (DB) 

BNGLE.OELRr HfiX=-80.19 DB 
ANGLE MfiX=:-78. U DB 
DELflT MflX=-73.67 DB 
DESIRED RfiNGE= 25.0NfiUTICfiL MILES 
STBRTING FREaUENCT= 1195. HZ. 
STOPPING FRE0UENCT= 505. HZ. 
STRRTING DEPTH= 102.98 METERS 
STOPPING DEPTH= 162.60 METERS 
SOURCE DEPTH=78.0METERS 
SOURCE HI0TH=10.0HETERS 
SOURCE filMsll.ODEGREES 

A13 



I 

o 

00 

o 

sooo. 10000. 20000. 25000. 
URNGC iHETcnsi 

3S000. soooOi 

RUN  FOR     BT21C 

SOURCE DEPTH 
SOURCE RRNGE 

7B.00 METERS 
0.00 METERS 

TBRCET  DEPTH 
TfiRGET RRNGE 

136.00 METERS 
M6332.7I1 METEflS 

"SHSHIT    «C|,«     T,gV^^JJ«E    SURPBCE     gOTTOH    rM^gCPT.ON    NUHaER^OF 

I9.t 
l«.2 

RNGLE 

-111.2 
I«.7 

92.075 
32.118 

-1S.7 
-III.2 

11.0 
IS.S 

92.21 
02.3S 



■ > 

U1 

sooo. 

SOURCE DEPTH 
SOURCE RRNGE 

I0000. 15000. ZOODO. Z5000. 
BHNGt IMETIBSI 

30000. 

RUN   FOR     BT21C 

78.00 METERS 
D.OO METERS 

TRRCET DEPTH 
TARGET RANGE 

ssooo. 

136.00  METERS 
46332.7H METERS 

isooo. SODOO. 

TRPNSMIT    RECEIVE    TRBVELJIME    SUHEBCE    BOTTOM    Ppg^flJipN    NUHBER^BF 
nNGLE 

I.E 
3.3 
3.0 

RNCLE 

<t.O 
4. a 
^.7 

I5EC8N0SI 

31.062 
31.064 
31.065 

0.0 
-3.2 
-2.9 

E.O 
6.7 
6.S 

61*. 20 
91.12 
IOB.l(E 

c» 

o 



o • 

cx> 
>-• 
►-• o 

5000. 10000. ISODO. 25000. 
RRNGE   (MCTEnSI 

SSOOO. 50000. 

RUN   FOR     BT21C 

SOURCE DEPTH 
SOURCE RANGE 

78.00 METERS 
0.00 METERS 

TPRGET DEPTH - 136.00 METERS 
TARGET RANGE - «J6332.7M METERS 

TRBN5MIT 
HNCLE 

RECEIVE 
RNGLE 

TflRVEL  TIME 
(SECBNOSI 

SUBFHCE 
RNGLE 

BOTTOH 
RNGLE 

rROPRcnnoN 
LOSS   (OBI 

NUMBER OF 
HEVERSRLS 

-5.1 
-2.1 
-1.0 

-^.8 
4.3 
5.4 

31.059 
31.062 
31.069 

-2.9 
0.0 
-3.0 

6.6 
6.2 
7.0 

B4.<I0 
84.47 
90.46 



— 

00 

^ 

en 
IDDOO. 15000. ZOOOD. 25000. 

RANGE (METEnSI 
30000. 3S000. SOOOO. 

RUN   FOR     BT21C 

SOURCE DEPTH 
SOURCE RRNGE 

78.00 METERS 
0.00 METERS 

TRRGET DEPTH - 136.00 METERS 
TRRGET RANGE = 46332.7U METERS 

TdHNSMIT 
nNGLE 

-14.0 
-IU.5 

RECEIVE 
BNGLE 

TPmVEL TIME 
(SECONDSI 

SUBFflCE 
RNGLE 

BOTTOM 
RNGLE 

PROPBGHTION 
LOSS (DBI 

-m.s 
U.9 

32.100 
S2.IU3 

-m.o 
-m.« 

is.z 
15.6 

92.23 
92.110 

NUH8EH or 
REVERSALS 

o 

00 

o 



TM No. 811061 

RANGE = 50 MILES 

A19/A20 
REVERSE BLANK 



fEHTi   30-fiUG-8D ]9!l2i06 

5-SEP-BO Utoaioa 

TM No.  811061 

E11DEC35   RIDGE 

«.oo 

0.0 
0.00 

-110.0 
LEVEL    (DB) 

0.0 

-UO. -20. 0. 20. 
ANGLE    (DEGREES) 

FRM UP 

ANGLE,DELfiT HfiX=-102.52 DB 
ANGLE HfiX=-99.78 OB 
DELRT MflX=-93.55 DB 
DESIRED RRNGE= U9.9NflUT!CflL MILES 
STfiRTING FREUUENCT= U95. HZ. 
STOPPING FREQUENCT= 505. HZ. 
STRRTING DEPTH= 102.98 METERS 
STOPPING DEPTH= 162.60 METERS 
SOURCE DEPTH=:78.0METERS 
SOURCE HIDTH=10.0METERS 
SOURCE niH=11.0DECREES 

A21 



i5 

■c 

\ /\ 
A A f 730. 

\ // 
/  ' J\ III ' 1900.' 

\ // 
/   / \ ZZSO. ' 

\ // 
\/ \i w 

•; 

V y V V Ml 
•   • 

S750. -1 
0. lODC 0.                zooo 0.                     3OO0 0.                     IIOOC 0.              sooda.              loodo.              Toodo.              eoDoo.              soooo.              looo 

o 

00 

o 

KRNCC   IHCTCnSI 

RUN FOR  BT22C 

SOURCE DEPTH - 78.00 METEBS 
SOURCE RANGE - 0.00 METERS 

TARGET DEPTH 
TARGET RfiNGE 

136.00 METERS 
92665.119 METERS 

THBNSHIT    «E«.Vi     TRB«t..IiHE    5U[jr«CE     gOTTBK    ^JgrBCSTlON    jj^MBM^OF 

13.0 
14.2 
IB.« 
IB.B 

ANCLE (SCCONDJt 

-H.ll 

-IB.B 
IS.O 

64.184 
64.227 
65.672 
65.729 

-13.0 
-14.1 
-18.4 
-18.6 

IS. I 
IS.3 
ie.3 
iB.S 

08. ZB 
08.35 
98.98 
00.02 

7 
8 
9 
10 



6 

10000. 20000. soooo. 1(0000 soooo. 
RflNCE   (METMSI 

100000. 

RUN FOR  BT22C 

SOURCE DEPTH • 78.00 METERS 
SOURCE RANGE - 0.00 METERS 

TARGET DEPTH 
TRRGET RRNGE 

136,00 METERS 
92665.49 METERS 

TBnNSHlT RECEIVE TRBVEt TIHE SURrBCE BOTTOM PROfBCRTION NUMBER Of 
HNGLE   ANGLE    ISECONDSI    ANGLE  BNGLE   LOSS (DBI   REVEflSBLS 

1.1 3.B 63.123 0.0 5.9 88.48 It 
3.2 i».g E2.126 -3.J 6.B 97.65 4 
8.8 -9.B 63.000 -B.8 10.6 96.93 5 
B.I 9.8 63.027 -9.1 lO.B 97.10 6 

OS 

o 
en 



3> 

O 

CXI 

o 

iOOOO. 20000. 30000. «0000. 50000. 100000. 

RUN  FOR     BT22C 

SOURCE  DEPTH  •   76.00 METERS 
SOURCE  RRNGE  • 0.00 METERS 

TARGET  DEPTH 
TARGET  RRNGE 

136.00 METERS 
92665.19 METERS 

RNGLE 
RECCIVC 

ANGLE "l^Biulir SURFpCE 
ONCLE 

BOTTOK 
nNGLE 

PROPRGRTION 
Loss   (OBI 

KUHBEn  OF 
EVERSflLS 

-4.8 62.120 -3.0 S-5 BB.I2                    « 
-1  ^ 9.B S2.I23 0.0 6.0 68.70                    S 
-9 6 S.I S2.I30 -3.« 6.6 96.77                     S 
-B 0 -e.7 SS.OiS -e.o 10.7 B7.0S                     6 
-s. s to.o S3.om -9.S 11.0 87.23                     T 



> 
ro 
en 
■-«^ 

3> 
ro 

73 m 
«=: m 

m 

00 
10000. zoooo. SOOOQ soooo. 

nPNEE   (HETEM) 
70000. 100000. 

RUN   FOR     BT22C 

SOURCE DEPTH 
SOURCE RPNGE 

78.00 METERS 
0.00 METERS 

TARGET DEPTH 
TARGET RANGE 

136.00 METERS 
92665.49 METERS 

TPIBNSHIT     RECEIVE     TRRVEL  TIME     SURFRCE     BOTTOM    PROPBCnTlON    NUMBER  BF 
BNGLE ANGLE (SECDNDSI BNGLE       RNGLE LOSS   IDBI        REVERSPLS 

-IH.J -lu.s B>l.209 -11.) 15.2 98.33 
-m.3 lit.8 64.253 -111.3 15.1 98.38 
-18.5 -18.9 B5.7D11 -18.S 13.U 99. on 
-18.7 19.1 65.761 -18.7 19.6 99.03 o 

CO 

o 
en 



RANGE = 75 MILES 

A27/A28 

TM No. 811061 

REVERSE BLANK 



reHFi   3D-BUS-B0   I9!J2:0B 

S-SEP-BO  UilSiSl 

TM No.  811061 

E11DEC35   RIDGE 

6.00 

0.0 

-60 

rmiM DOMN 

-20. 0. 20. 
ANGLE    (DEGREES) 

FRSM UP 

0.0 -UO.O 
LEVEL    (DB) 

ANGLE,DELfiT  MHX=-105.09  OB 
BNGLE  MfiX=-l02.36  DB 
DELRT  HHX=-97.73  DB 
DESIRED RfiNGE= 7U.9NfiUTICPL MILES 
STfiRTING  FREOUENCT=  U95.   HZ. 
STOPPING  FREOUENCT= SOS.   HZ. 
STRRTING  DEPTH=   102.98  METERS 
STOPPING  DEPTH=   162.60  METERS 
SOURCE  DEPTH=78.0METERS 
SOURCE  HIDTM=10.0METERS 
SOURCE fllM^ll.aCEGREES 

A29 



2 

o 

00 

o 

zoooa. 

SOURCE  DEPTH 
SOURCE  RRNGE 

«0000. 

78.00 METERS 
0.00 METERS 

100000. 
URNCE (METinSI 

IZOOOO. ItOOOO. ItOOOO. asoooo. 200000. 

RUN   FOR     BT23C 

TARGET DEPTH 
TARGET  RANGE 

136.00 METERS 
138998.21   METERS 

"ssgrr "^SE;?^ 'muir^ 'K¥ ^iir '[ll^lllf' ll^iS5flP5 
10.7 -11.3 gs.osj -10.7 12.2 101.07 s 
10.9 11.S aS.OBE -10.9 12.3 101.17 10 
H.a -1«.5 9E.293 -H.O IS.l 101.81 II 
n.s lit.6 96.336 -m.i IS.3 101.as 12 
17.0 -17.IS 97.735 -17.0 18.0 102.31 13 
17.2 17.S 97.788 -17.1 18.1 102.33 |i| 

!9.B -20. Z 99.373 -19.8 20.7 102.69 15 
20.0 20. S 99.1133 -20.0 20.8 102.70 16 



3> 

20000. 40000. 60000. 80000 100000. 
APNSe (HETCnSI 

120000. 200000. 

RUN   FOR     BT23C 

SOURCE DEPTH 
SOURCE RHNGE 

78.00 METERS 
0.00 METERS 

TARGET DEPTH 
TARGET RANGE 

136.00 METERS 
138998.21 METERS 

TRnNSMIT RECEIVE TRAVEL TIME SURFBCE BOTTOM PROPBEnjlON NUHBEH OF 
ANGLE   BNBLE    (SECONDS^    BNGLE   BNGLE   LOSS (OBI   REVERSALS 

0.9 3.8 93.183 0.0 s.g go.Bs 6 
3.2 U.9 93.187 -3.1 6.6 101.3H 6 
7.0 -7.9 gil.019 -B.9 9.0 09.73 7 
7.2 8.1 94.0111 -7.2 9.2 99.94 8 

o 

pa 

o 



o 

c» 

20000. 

SOURCE DEPTH 
SOURCE  RANGE 

toooo. 

78.00 METERS 
0.00 METERS 

100000. 
RANGE  meTEflSI 

120000. 

RUN   FOR     BT23C 

TARGET DEPTH 
TARGET RANGE 

ItOOOO. 

136.00 METERS 
13899B.2I METERS 

200000. 

"ssepr 'i^ii' 'i^^EhnSir '^n^fp SBJI?" '^^V ^^r. 
-S.l -«.B 93.181 -S.O 

3.8 03.183 0.0 
S.O 93.19! -3.3 
-B.O 94.03! -7.1 
8.2 94.OSS -1.3 

8.6 
S.B 
6.7 
9.2 
9.« 

I0^.S^ 
90.95 
100.5« 
99.87 
100.0« 



0.   rr 

750. 

ISOO 

2ZS0 

3> 
CO 

4^ 

m 

00 
I— 

75 

S7S0. 
0. 20000. 

SOURCE  DEPTH 
SOURCE  RRNGE 

UDOOO.                      60000. BOOOO. 100000. 120000.                    140000. 
RRNGE   (KETERSI 

RUN   FOR BT23C 

78.00 METERS 
0.00  METERS 

TRRGET  DEPTH  -   136.00  METERS 
TARGET  RRNGE   >   138998.21   METERS 

TRBNSHIT 
RNGLE 

RECEIVE 
ANGLE 

TRAVEL  TIME 
ISECONOSI 

SURFBCE     BOTTOM 
ANGLE       ANGLE 

PROPAGATION    NUMBER  OF 
LOSS   tOBI        REVERSALS 

-10.8 
-11.0 
-H.l 
-11.2 
-17.1 
-17.2 
-19.9 

-im 
II.E 
-lU.B 
m.7 
-17.S 
17.6 
-20.3 

95.072 
95.105 
96.317 
96.361 
97.765 
97.810 
99.407 

-10.8          12.3 
-11.0          12.4 
-14.1          IS.2 
-14.2          IS.4 
-17.1          18.0 
-17.2          18.2 
-19.9         20.7 

101.12                     10 
101.18                    11 
101.83                     12 
101.83                     13 
102.33                     14 
102.35                     IS 
102.69                     16 

1BOOOO. IBOOOO. zooooo. 

00 



APPENDIX B 

BLAKE PLATEAU PE 
& RAY TRACING RESULTS 
(FEBRUARY PROFILE) 

B1/B2 

TM No. 811061 

REVERSE BLANK 



TM No. 811061 

CO 
cc 

tu 

Ui 
o 

ITS, 

i                   i                   i                   i                   i                   i                   i               li                   i 
i                   i                   i                   i                   i                   i                   i                   i                   i 
i                   i                   i                   i                   i                   i                   i                \i                   i 
i            L          L          1            J            i            1           \            i 

250. 

S75. 1  
   

   
   

   
  1

 
1  

   
   

   
   

  1
 1 1 1 1 1 1 1 1 1 1 1 4-1- 

J       i 

mo. i         i         i         i         !         i         iJ 

625. 7 
750. 1 JTi 
B75. 

i       1   1   l/f 1  1 
i          i          1          1          1 /       1          1          \          i 

1000. i   M   1   in   \—rr-i 
nzs. 

1250. 

!     I     rrtT—f^!     !~ 

Hi >0.           1U60.           1«70.            lUBQ.           )«aa.           ISOO.           1510.            1520. 1530.           1540.           15: iO. 

FREQUENCY 
SOUND   SPEED 

460.0 HZ 
IMETERS/SECJ 

SOURCE DEPTH = 78.0 METERS 
SOURCE AIM - li.O DEGREES 
SOURCE WIDTH r 6.1 METERS 

PROBLEM DEPTH « 1100.0 METERS 
BOTTOM DEPTH = 900.2 METERS 
VERTICRL MESH SPACING = 1.07 METERS 
BOTTOM RTTENUfiTION CONSTANT » 0.001000 
ATTENUATION SCALE LENGTH » 500.0 
SVP TRANSITION REGI0N=500.0 METERS' 

PROBLEM RANGE = 138750. METERS 
RANGE HESH SPACING = 52.50 METERS 

B3 



TM No. 811061 
•-scp-aa i9iooij« 

.1 

>o. 

i 
i 

iOO. 

1000. 

10000. 

' 

—' 

/ 

  

/ 
/ J ^ 

  ^' 

1«S0. 1«B0. 1«S0. I«g0.    1500.    1510. 
SaUNO SPCCO nCTERS/SEOWOI 

1520. 1530. 1540. 1550. 

fll7CFEB90 BLflKE 
FREQUENCT - 460.0 HZ 

SOURCE DEPTH - 78.0 METERS 
SOURCE AIM - U.O DEGREES 
SOURCE UIDTH - 6.1 HETERS 

PROBLEH DEPTH ■ 1100.0 METERS 
BOTTOM DEPTH « 900.2 METERS 
VERTICAL MESH SPACING - 1.07 METERS 
BOTTOM ATTENUATION CONSTANT - 0.001000 
ATTENUATION SCALE LENGTH » 500.0 
SVP TRANSITION REGION=SDO.D METERS 

PROBLEM RANGE - 138750. METERS 
RANGE MESH SPACING > 62.50 HETERS 

B4 



TM No. 811061 

RANGE = 5 MILES 

B5/B6 

REVERSE BLANK 



rEMFi     8-StP-aG   IB-EDim 

TM No. 811061 

R17CFEB90   BLRKE 

r2.00 

■1.50 

•1.00 

(.n 

LU 

•■0.50 

O.OO 

0.0 
CD 
D 

LU 
> 
LU 

-110. ot 

rmn uc 

0.0 -uo.o 
LEVEL    (DB) 

RNGLE.DELflT  MSX=-81.72  DB 
ANGLE  MHX=-78.16  DB 
OELRT  MfiX=-75.02  DB 
DESIRED  RfiNGE=  S.ONflUTICfiL  MILES 
STfiRTING  FREQUENCY^  USD.   HZ. 
STOPPING  FREQUENCT=  5«0.   HZ. 
STfiRTING  DEPTH=   IOH.20  METERS 
STOPPING  DEPTH=   1611.36  METERS 
SOURCE  DEPTH=78.0METERS 
SOURCE   HIDTH=6.IHETERS 
SOURCE  HIM^U.ODEGREES 

B7 



w 
00 

o 

CD 

O 

HOOD. SOOO. 
llflNGE   IHETERSI 

TODO. 10000. 

RUN   FOR     BT63B 

SOURCE DEPTH 
SOURCE RANGE 

78.00 METERS 
0.00 METERS 

TRRGET DEPTH 
TRRGET RANGE 

136.00 METERS 
9366.55 METERS 

TRRNSHIT  HECEIVE 
RNCLE   nNDLE 

TRHVEL TIME  SURFACE  BOTTOM PRDPHGBTION NUMBER OF 
(SECONOSI    ANGLE   RNCLE   LOSS lOBI   REVERSRLS 

36. S 
37.7 

-36.S 
37.6 

7.632 
7.7HO 

-36.6 
-37.7 

37. B 
39.0 

ei.is 
BI.29 



CO 

SODO. 
RRNGE   (HtTERSI 

RUN   FOR     BT63B 

SOURCE DEPTH = 78.00 METERS 
SOURCE RANGE = 0.00 METERS 

TRRGET DEPTH = 136.00 METERS 
TRRGET RRNGE = 9366.55 METERS 

TRBNSHIT     RECEIVE     TRBVEL  TIME     SURFACE     BOTTOM     PROPfiCHTlBM    NUMBER  OF 
ANGLE BNGLE ISECOMOSI fiNGLE       RNGLE LOSS   tDBI        REVERSALS 

H 
S 
6 

zo.e 20.7 6.550 
ZB.7 -2B.B 6.BB<4 
30.0 29.9 7.071 

-2D.9 23.3 79.62 
-28.7 30. S 80.31 
-3D.0 31.7 80.41 

09 



00 

o 

o 

00 

o 

1000. SOOD. 
nONGC   (HETEnSI 

I0000. 

RUN FOR  BT63B 

SOURCE DEPTH ■= 78.00 METERS 
SOURCE flflNGE = 0.00 METERS 

TARGET DEPTH = 136.00 METERS 
TARGET RRNGE = 9266.55 METERS 

TRRNSMII RECEIVE  TRBVEL TIHE  SURFRCE  BOITOM PROPBCHTION NUMBER OF 
HMGU   RNCLE    (SECONDS)    BNCLE  BNGLE   LOSS (DBI   HEVERSBLS 

10.0 
19.2 -19.1 

6.212 
E.^B9 

-10.2 
-19.3 

11.7 
21.9 

78.115 
79.45 



6 

09 

1000. 

SOURCE  DEPTH 
SOURCE  RfiNGE 

5000. 
RflNGE (HCTERSI 

RUN FOR  BT63B 

78.00 METERS 
0.00 METERS 

TARGET DEPTH 
TRRGET RflNGE 

700D. 

136.00 METERS 
9266.55 METERS 

10000. 

TBONSMIT RECEIVE  TRUVEL TIHt  SUBFBCE  BOTTOM  PROPPCBTIBM NUHBEg OF 
BNGLE   HNGLE    I5ECON0SI    BNGLE   RNGLE   LOSS IDBI   REVERSBLS 

7.8 -7.S 6.18U 0.0 13.1   77.63 

m 

o at 



03 

0. 

C /\ 
\ 

/ 
» 

zoo. ' 
\ 

\ 
/ 
/ 

uoo. S 

\ 
/ 
/ 

600. ' 

\ 
/ 
/ 

BOO. N 

\/ 

1000. - 
0. 100 0.         200 0.         900 0.         «00 D.         SOob.         BOOb.          7000.         8000.         9000.          1000 

o 

CO 

o 

nnNCE (MCTcnsi 

RUN   FOR     BT63B 

SOURCE DEPTH 
SOURCE RANGE 

78.00 METERS 
0.00 METERS 

TORGET DEPTH 
TARGET RANGE 

136.00 METERS 
9266.55 METERS 

TRBNSMIT     HECEIVE     TRHVEL  TIME     SURFBCE     BOTTOH    PROPRCBTIOM    NUHBEH Or 
BNGLE        UNCLE ISECONOSI BNSLE      BMGLE        LOSS   lOBI       REVEBSBLS 

-8.B 14.1 



m I 
1 % 

00 

1000. 2000. ItOOO. 5000. 
RRMGE   (HETERSI 

6000. 9000. 10000. 

RUN   FOR     BT63B 

SOURCE DEPTH 
SOURCE RANGE 

78.00 METERS 
0.00 METERS 

TARGET DEPTH 
THRGET RANGE 

136.00 METERS 
9266.55 METERS 

TRBNSMIT    RECEIVE    TRRVEL TIME    SURFBCE    BOTTOM    PBOPBGBTIOH    NUMBER OF 
RNGLE ANCLE tSECONDSI HNGLE       BNGLE LOSS   (OBI        REVERSHLS 

-11.1 10.9 6.231 -11.3 IS.5 78.69 

o 

00 

o 



i 

00 

o 

00 

o 

1000. SODO. 
nnNGE (HCTEnsi 

lodoo. 

RUN   FOR     BT63B 

SOURCE DEPTH 
SOURCE RRNGE 

78.00 HETEHS 
0.00 METERS 

TRRGET DEPTH = 136.00 METERS 
TRRGET RANGE = 9366.55 METERS 

TRRNSHIT    RECEIVE     TRBVEL  TIHE     SURFRCE     BOTTOM    PROPRGBTIOM    JjUMBER OF 
BNGIE        HNGLE fSECONOSI RNGLE       BNGLE        LOSS   (OBI       REVERSBLS 

14 
S 
6 

20.1 -20.0 6.524 
21.7 21.6 B.S87 
29.11 -29.3 7.031 

20.2 22.7 70. SS 
21.8 211.1 79.70 
29. S 31.2 80.39 



00 —^ 

C30 

en 

73 m 

m 
09 

1000. 5000. 
RRNGE   (HETERSl 

10000. 

RUN   FOR     BT63B 

SOURCE DEPTH ■= 78.00 METERS 
SOURCE RANGE = 0.00 METERS 

TARGET DEPTH 
TARGET RANGE 

136.00 METERS 
9266.55 METERS 

TRaN<;H1T     RECEIVE     TIWVEL TIHE     SURERCE    BOTTOM    PBOPRCRTIOM    NUMBER OF 
HNGLE RNELE ISECBNOSI ANGLE       ANGLE CoSS   tDBl        "EVERSflLS 

B 
a 

30.7 30.6 7.123 
37. a -37.2 7.6g« 
38. 3 38.2 7.B03 

-30. B 32. II 80.52 
-37.3 38. 5 81.23 
-38. 3 39. G 81.36 o 

00 

o 



TM No. 811061 

RANGE = 25 MILES 

B17/B18 

REVERSE BLANK 



rtHFi     B-SEP-BO  19iOQ!U 

e-5EP-ao itiOizs 

TM No. 811061 

R17CFEB90   BLflKE 

2.00 

■1.50 

■1,00 

LU 

■0.50 

0.0 

LU 

-tto.o^ 
-60. -uo. 

rnoH DOWN 

-20. 0. 20. 

ANGLE    (DEGREES) 
uo. 60. 

FMH UP 

0.0 -UO.O 
LEVEL    (DB) 

RNGLE.DELRT HflY=-96.1S DB 
ANGLE MRX=-92.25 DB 
DELflT MfiX=-e9.28 OB 
DESIRED RRNGE= 25.0NflUTICRL MILES 
STRRTING FREQUENCT= U60. HZ. 
STOPPING FREOUENCT= 5U0. HZ. 
STRRTING DEPTH= 1011.20 METERS 
STOPPING DEPTHS 16U.36 METERS 
SOURCE DEPTH-78.0METERS 
SOURCE WIDTH=6.1METERS 
SOURCE fiIM=U.0DEGREE5 

B19 



i 

8 

00 
IN) 

o 

00 

o 

20000 Z5000. 
nnNCE   (HETENSI 

90000. 

RUN   FOR     BT62B 

SOURCE  DEPTH   -  76.00  METERS 
SOURCE   RfiNGE   =   0.00  METERS 

TARGET  DEPTH 
TARGET   RfiNGE 

3S000. 

136.00 METERS 
46332.7M  METERS 

<I5000. 50000. 

THBN5MIT 
BMCLE %^lll' 'l^hnl ̂ r^ suRrncE 

RNGLE t^ir rROPnCBTlOM 
LOSS (OBI 

NUHBEn OF 
REVERSBLS 

11.6 -11.4 3l.^^9 -11.8 IS.B 92. B2 II 
12 0 11.A 3I.2BS -12.1 16.1 92.70 12 
13.9 -13.7 31.535 -m.o 17.5 92.92 19 
11.2 H.O 3I.S7B -111.3 17.8 92.97 14 
16.0 -15.9 91.B62 -16.2 19.9 93.16 15 
lE.V 16.2 31.0)2 -16.S 19.6 93.20 16 
IB.2 -IB.O 32.229 -IB.3 21.1 93.35 17 
IB.S IB.H 32.285 -IB.6 21.9 93.39 IB 



CO 
ro 

St-, 

10000. ISOOO 25000. 
RRNGE   (HETERSI 

35000. 40000. SOOOD. 

RUN   FOR     BT62B 

SOURCE   DEPTH  =  78.00  METERS 
SOURCE   RANGE   =  0.00   METERS 

TRRGET  DEPTH  =   136.00  METERS 
TRRGET  RANGE   =  U6332.7U   METERS 

TRBNSMIT RECEIVE TRflVEL  TIME SURrnCE BOTTOM PROPRGBTION NUMBER OF 
HNGLE RNCLE (5EC0ND5I ANGLE RNGLE LOSS   (DBI RCVERSHLS 

2.3 -D.5 30.511 -3.0 11.1 90.87 3 
2.6 1.3 30.518 -3.3 11.2 89.65 1 
•I.Z -3.6 30.639 -1.7 11.6 90.29 
(.8 1.2 30.653 -5.2 11.8 90.82 6 
6.S -6.1 3n.B02 -7.1 12.8 91.51 
7.2 6.9 30.823 -7.5 13.0 91.77 B 
e.2 -3.0 31.004 -9.1 11.2 92.21 9 
9.7 g.ii 31.031 -9.9 11.5 92.33 10 

00 

S 



CO 

o 

CO 

o 

SOURCE DEPTH 
SOURCE RANGE 

10000. 

78.00 METERS 
0.00 METERS 

2S0DO. 
NANCE   IHETCMI 

RUN FOR  BT62B 

TARGET DEPTH 
TARGET RANGE 

95000. 

136,00 METERS 
IJ6332.7M  METERS 

«saoa. soooo. 

TnnNsHiT 
flNCLC 

HECEIVE 
RNGLE 

TRHVEL TIME 
ISCCDNOSI 

sURrncE 
ANGLE 

eOTTOH 
ANGLE 

PROPRGATION 
LOSS loai 

NUHBER pr 
(lEVEftSBLS 

-2.« 
-2.8 
-«.5 
-S.l 
-7.0 
-7.S 
-9.S 

-o.e 
1.7 
-3.9 
4.5 
-6.7 
7.2 
-9.2 
9.6 

30.5IE 
90.523 
90.648 
90.663 
90.814 
30.837 
31.021 
31.051 

-8.1 
-9.5 
-4.9 
-5.4 
-7.9 
-7.8 
-9.7 
-10.1 

11.1 
11.2 
11.8 
12.0 
12.9 
19.2 
14.4 
14.6 

89.57 
89.72 
90.56 
91.09 
91.67 
91.88 
92.28 
92.39 

4 
5 
6 
7 
8 
8 
10 
11 



CO ro 
CO 

00 
ro 

m 
00 

i 
5000. lODOO. ISOOD. zouoo 25DD0. 

RRNGE   CMETERSl 

«5oao. 50000. 

RUN   FOR     BT62B 

SOURCE DEPTH = 78.00 METERS 
SOURCE RfiNGE = 0.00 METERS 

TARGET DEPTH = 136.00 METERS 
TPRGET RANGE = 46332.7U METERS 

TBRNSHIT 
RNGLE 

RECEIVE    IRBVEL  TIME    SURFfiCE    BOTTOM    pnOPPGBTIDN    NUHBEg^OF 
RNliLE (5EC0N05I ANGLE       RNGLE LOSS   (OBI        REVERSALS 

-11.B 
-11.2 
-m.i 
-l>l.4 
-16.2 
-IB.B 
-IB.3 
-18.7 

-11.6 
12.0 
-13.9 
14.2 
-IB.l 
16.11 
-18.2 
16.5 

31.270 
31.307 
31.560 
31.604 
31.B91 
31.BUI 
32.2B1 
32.318 

-12.0 
-12.3 
-111.2 
-m.G 
-16.11 
-16.7 
-18.11 
-18.8 

16.0 
16.3 
17.7 
18.0 
19.•! 
19.7 
21.2 
21.5 

92.67 
92.74 
92.95 
93.00 
93. IB 
93.22 
93. 3B 
93.41 

12 
13 
14 
15 
IE 
17 
18 
19 

o 

00 

o 



RANGE = 50 MILES 

B25/B26 

TM No. 811061 

REVERSE BLANK 



PEHft     B-SEP-eo l«iOQi]« 

I 
TM No. 811061 

R17CFEB90   BLRKE 

2.00 

0.00 
0.0 -uo.o 

LEVEL    (DBl 
0.0 

03 
o 

UJ 

-uo.o^ 

DB 

FROM DOWN 

-20. 
ANGLE 

0. 2D. 

(DEGREES) 

ANGLE,DELHT HnX<-96.50 
ANGLE HflX=-g5.86 DB 
OELflT MflX=-91.8li OB 
DESIRED RflNGE= 149. SNRUTICflL MILES 
STRRTING FR£QUENCT= U60. HZ. 
STOPPING FREOUENCT= SHO. HZ. 
STARTING DEPTH= 10U.20 METERS 
STOPPING DEPTH= 161.36 METERS 
SOURCE 0EPTH=78.0METEfiS 
SOURCE HIDTH=6.IMETERS 
SOURCE AIM^U.ODEGREES 

B27 



CP 

00 

o 

00 

o 

10000. 20000. 90000 50000. 
nnNCC (HCTCRSI 

60000. 70000. 100000. 

RUN   FOR     BT61B 

SOURCE DEPTH 
SOURCE RfiNGE 

78.00 METERS 
0.00 METERS 

TARGET DEPTH 
TARGET RRNGE 

136,00 METERS 
92665.149 METERS 

TRBMSMIT 
RNGLE 

2.H 
2.5 
3.2 
3.S 
4.11 
1.7 
S.7 

RECEIVE 
RNGLE 

-0.8 
1.2 
-2.3 
2.7 
-3.8 
il.l 
-5.3 

TBBVEL TIME 
(SECOHOSI '^^i' i&iir '^^fiir S^DI^SPPS "atiErr '^i&ui' "I^^HI^' '^iti' ?ssr '^3^^r ^^^ 
51.027 
61.035 
61.152 
61.162 
61.290 
61.3011 
61.445 

-3.1 
-3.2 
-3.S 
-H.O 
-4.9 
-S.l 
-6.0 

Il.l 
Il.l 
11.3 
11.4 
11.7 
11.8 
12.3 

95.99 
B5.76 
95.67 
96.07 
96.55 
96.79 
97.18 

7 
6 
9 
10 
11 
12 
13 

8.0 5.5 61.463 -6.3 12.4 97.36 
7.0 -6.6 61.620 -7.2 12.9 97.66 
7.2 6.8 61.642 -7.5 13.0 97.77 
8.2 -7.9 61.816 -8.4 13.6 98.01 
8.4 8.1 61.841 -8.6 13.7 98.09 
9.4 -9.1 62.032 -9.6 14.3 98.29 
8.6 9.3 62.061 -9.8 14.5 88.34 

14 
15 
16 
17 
18 
IB 
20 



CO 
r\i 

CO 
o 

73 

CO 

CD 
r- > 
7<: 

20000. 30000. UOOOO. SOOOO. 
URNGE IMETEHSl 

BOOOO. 100000. 

RUN FOR  BT61B 

SOURCE DEPTH = 78.00 METERS 
SOURCE RRNGE = 0.00 METERS 

TARGET DEPTH 
TRRGET RANGE 

136.00 METERS 
92665.U9 METERS 

"g:j^rr "^sEir 'i^ii'.uii'^' v^ i^ir 't^iftii?' S^^^^^^PPS ^"swerr "iiiit' ''^iiWoi'^' '^it^ ^ W^ ^"±i 
2.11 -1.0 BI.D32 
J.6 l.i| 61.010 
3.H -2.S 61.15B 
3.7 2.9 61.169 
11.6 -1.0 61.298 
H.9 U.3 61.313 
5.8 -5.H 51.156 

3.1 11.1 95.55 
3.3 11.2 95.59 
3.9 11.1 95.83 
1.2 11.1 96.22 
5.0 11.B 95.65 
5.3 11.9 95.90 
5.2 12.3 97.27 

B 
9 
10 
11 
12 
13 
11 

B.I S.7 61.175 
7.1 -6.7 61.633 
7.3 7.0 61.655 
S.3 -B.O 61.831 
8.5 B.Z 61.857 
9.5 -9.3 62.019 
9.7 9.5 62.078 

6.1 12.1 97.11 
7.1 12.9 97.73 
7.6 13.1 97.81 
a.6 13.6 98.05 
B.e 13.8 98. )U 
9.7 11.1 9B.3I 
9.9 11.5 98.38 

JS 
16 
n 
18 
19 
20 
21 

O 

CD 

O 



TM No. 811061 

RANGE = 75 MILES 

B31/B32 

REVERSE BLANK 



PEMFi     8-SEP-5:   15:C: 

TM No.  811061" 

R17CFEB90   BLRKE 

■2.00 

•l.SO 

1.00 

UJ 

0.50 

0.00 

0.0 
CD 
a 

UJ 
>• 
LU 

-uo.s^ 
-60. -no. 

rfMM OOHN 

-20. 0. 20. 
ANGLE    (DEGREES) 

uo. 60. 

FROM UP 

0.0 -UO.O 
LEVEL    (DB) 

RNGLE.DELRT  MF1X=-105. 18  DB 
BNGLE  MfiX=-102.U5  DB 
OELflT  HfiX=-98.69  DB 
DESIRED  RfiNGE=   74.SNflUTICfiL   MILES 
STARTING  FfiEQUENCT=  USO.   HZ. 
STOPPING  FREQUENCY^   BUG.   HZ. 
STARTING  DEPTH=   10li.20  METERS 
STOPPING  0EPTH=   16U.36  METERS 
SOURCE   DEPTH=:76.0METERS 
SOURCE  WIDTH=6.IMETERS 
SOURCE  flIM=U.ODEGREES 

B33. 



IS 
1^ 

o 

00 

o 

20000. 60000 100000. 
nRNCC   CHETCnSI 

120000. MOOOO. ISOOOO. IBOOOO. ZOOOOO. 

RUN   FOR     BT60B 

SOURCE DEPTH 
SOURCE RONGE 

78.00 METERS 
0.00 METERS 

TARGET DEPTH - 136.00 METERS^ 
TARGET RANGE - 138998.21 METERS 

TWRNSMIT RECEIVE TRBVEL 
BNr.lF PNCLE (SECON 

2.3 0.3 91.431 
2.H -o.s Sl.SHH 
2.S 1.2 9I.S51 
2.9 -i.n 91.667 
3.1 2.2 91.677 
3.7 -2.9 91.799 
3.9 3.2 91.810 
i|.5 -5.3 9I.9>I0 

TRBVEL TIME SURFBCE BOTTOM 
 §1    ANGLE   HNGIE 

-3.0 
-3.1 
-3.2 
-3.5 
-3.7 
-U.2 
-4.11 
-4.9 

rROPRGRTION 
L05S (OBI 

106.59 
90.74 
on. 32 
99.04 
99.36 
99.60 
90.82 
100.15 

NUMBER OF 
REVERSALS 

10 
11 
12 
13 
14 
IS 
16 
17 

TRANSMIT 
RNGLE 

4.7 
S.4 
5.5 
6.2 
6.4 
7.0 
7.2 
7.B 

RECEIVE 
RNGLE 

4.1 
-4.9 
5.1 
-S.B 
5.9 
-6.7 
S.B 
-7.5 

TRRVEL  TIME 
ISECONOSI 

91.955 
92.094 
92.111 
92.260 
92.279 
02.439 
92.461 
B2.B32 

SURFRCE 
ANGLE 

-5.1 
-S.7 
-S.B 
-6.5 
-B.7 
-7.3 
-7.«   ■ 
-8.1 

BOTTM 
RNGLE 

11.B 
12.1 
12.2 
12.5 
12.6 
I2.B 

ii:S 

pmrncnTiBN   NUMBER or 
Loss IDBI  REVERSnLS 

100.30 
100.57 
100.69 
100.B3 
101.02 
101.21 
101.30 
101.«S 

IB 
19 
20- 
21 
22 
23 
24 
ZS 



CO 

tn 

00 
to 

70 
in 

U3 

> 
7^ 

20000. EOOOO. 100000. 
BPNGE   (METERSl 

12000D. 140000. 160000. IBOOOO. 200000. 

RUN   FOR     BT60B 

SOURCE   DEPTH  =   78.00  METERS 
SOURCE  RANGE   =   0.00   METERS 

TRRGET   DEPTH  =   13G.D0  METERS 
TRRGET   RRNGE   =   138998.21   METERS 

SHIT     RECEIVE     TPflVEL   TIHE     SURFRCE     BOTTOH     fpOF^OrjUm     NUHBER  OF       TRRN5HIT     RECEIVE     TRAVEL  TIME     SURFBCE     BOTTOM    "-ROfflGRTlBN     MU||Btn OF 

-2.3 
-2.5 
-2.6 
-3.0 
-3.2 
-3.8 
-II.0 

fINGLE 

O.U 
-1.0 
1.3 
-2.0 
2.3 
-3.1 
3.3 

IStCONOSI BNCLE       RMGLE RNGLE RNGLE (SEC0ND51 RNBLE      RNGLE LOSS   lOBl       REVERSALS 

91.1136 
91.549 
91.557 
91.573 
91.683 
91.306 
91.818 

-3.0 
-3.2 
-3.3 
-3.6 
-3.8 
-lt.3 
-H.ll 

1.1 
1.1 
1.2 
1.3 
1.3 
I.S 
1.6 

106.15 
99.10 
99.19 
99. H 
99.113 
99.69 
99.93 

11 
12 
13 
m 
IS 
16 
17 

-11.6 
-1|.B 
-S.U 
-5.6 
-6.3 
-6.4 
-7.1 
-7.3 

-^.o 
4.2 
-5.0 
S.2 
-5.9 
6.0 
-6.8 
6.9 

91.949 
91.963 
92.104 
S2.121 
92.271 
92.291 
82.452 
92.474 

-5.0 
-5.2 
-5.8 

II.e 
11.9 
12.1 
12.2 
12.5 
12.6 
13.0 
13.0 

100.21 
100.37 
100.63 
100.76 
101.00 
101.09 
101.26 
101.34 

18 
19 
20 
21 
22 
23 
24 
25 

O 

CXI 

o 



TM No* 811061 

APPENDIX C 

MID-ATLANTIC RIDGE PE 
& RAY TRACING RESULTS 

(MARCH PROFILE) 

C1/C2 
REVERSE BLANK 



SO-RUG-eo 02iOSi33 

m 
GC 
tu 
I— 
UJ 

O 

luo. lUBO. ItSO. 

FREQUENCY 

SOUND   SPEED 
U95.0 HZ 

(METERS/SEC) 

SOURCE DEPTH « 78.0 METEflS 
SOURCE HIM = IS.O DEGREES 
SOURCE WIDTH - 10.0 METERS 

PROBLEM DEPTH - 3700.0 METERS 
BOTTOM DEPTH = 3501.3 METERS 
VERTICAL MESH SPRCING = 1.81 METERS 
BOTTOM flTTENURTION CONSTANT = 0.001000 
RTTENUHTION SCRLE LENGTH « 500.0 
SVP TRfiNSITION REG10N=S00.0 METERS 

PROBLEM RRNGE - 216875. METERS 
RRNGE MESH SPACING = 62.50 METERS 

TM No. 811061 

isiia. I5S0. 

C3 



KMU6-WI a2i03i3S 

TM No. 811061 

.1 

10. 

JDOO. 

10000. 

1 
\ 

; 

/ 
y^ 

y 
^ 

^ 

{ 
■ 

  
USD. iH6a. 1«70. itao. 1«90. ISOO. 15)0. 

stMD smn acTEm/SECtMO) 
1520. 1550. 

FBE0UENC7 - V95.0 HZ 
EllMflfl35 RIDGE 

SCUflCE DEPTH -78.0 HETERS 
SOURCE RIM « 15.0 DEGREES 
SOURCE MIOTH • 10.0 HETERS 

PROBLEM DEPTH - 3700.0 METERS 
BOTTOM DEPTH « 3501.3 METERS 
VERTICAL MESH SPACING -1.81 METERS 
BOTTOM RTTENUflTION CONSTANT « 0.001000 
ATTENUATION SCALE LENGTH - 500.0 
SVP TRANSITION REGION-500.0 METERS 

PROBLEM RANGE » 216875. METERS 
RANGE MESH SPACING > 62.50 METERS 

C4 



TM No. 811061 

RANGE = 5 MILES 

C5/C6 

REVERSE BLANK 



PCMFi   90-RUG-6D 02t03i33 

TM No.  811061 

E11MRR35   RIDGE 

«.oo 

LEVEL 
0.0 

CD 
O 

LU 
> 
LU 

-U0.» 
-UD. 

niBM DOHN 

-20. 
ANGLE 

0. 20. 
(DEGREES) 

60. 

Fnm UP 

ANGLE,DELRT MnX=-62.95 08 
RNGLE MRX=-8l.13 OB 
DELflT MHX=-76.UU OB 
DESIRED RfiNCE= S.ONRUTICflL MILES 
STARTING FREOUENCT= U35. HZ. 
STOPPING FREOUENCTs 505. HZ. 
STRRTING DEPTH= 102.98 METERS 
STOPPING DEPTH= 162.60 METERS 
SOURCE 0EPTHx78.0HETERS 
SOURCE HIDTH=10.0METERS 
SOURCE RIM=15.0DEGREES 

C7 



750. 

1500. 

ZZSO. 

O 
00 

sooo. 

3750. 
0. 

o 

00 

o 
at 

1000. 

SOURCE  DEPTH 
SOURCE RANGE 

2000. sooo. «000. 5000. 
IWNGE   tHCTCnSI 

aooo. 

RUN   FOR     BT57C 

78.00 METERS 
0.00 METERS 

TARGET DEPTH 
TARGET RRNCE 

7000. 

136.00 METERS 
9266.55 METERS 

aooo. BOOO. 10000. 

"gnarr 'l^li' tnnvEL TINE 
(SECONDS) '^^^ gSJI?" '^^fiiir ^l^l 

S5.S 
SE.S 

-SS.3 
3B.« 

7.6211 
7.729 

0.0 
-36.6 

35.5 
36.7 

60.91 
81.06 

I 
2 



n 
to 

37S0 
0 

/I r?  c 0  ^ 

. 

• 

i 
- 

: 100 9.         ZOO ̂4                      300 a.                      HDD 3.         soob.         BOOb.         7000.-        8000.         BdOb.         1000 
RRNGE   (HETEnSI 

RUN   FOR     BT57C 

SOURCE DEPTH - 78.00 METERS 
SOURCE RRNGE - 0.00 METERS 

TARGET DEPTH 
TARGET RANGE 

136.00 METERS 
9a66.55 METERS 

TRBN5HIT 
RNGLE 

RECEIVE 
RNGLE 

TBBVEL TIME 
(SECONDS! 

SUBFBCE 
BNGLE 

BUTTOH 
BNGLE 

PROPBCBTIDM 
LOSS (OBI 

NUHBER OF 
REVERSALS 

O.G -3.2 0.0    BB.ail 

CD 

s 



750. 

ISOO 

zzso. 

o 

o 
3000. 

B7SD. 

o 

00 

o 

lOOD. SOOO. 
RDNCC   IHCTCnsI 

7000. 10000. 

RUN   FOR     BT57C 

SOURCE DEPTH 
SOURCE RfiNGE 

78.00 METERS 
0.00 METERS 

TARGET DEPTH 
TARGET RANGE 

136.00 METERS 
9266.55 METERS 

TRBNSMIT    RECEIVE 
nNGLE        RMGLE 

TRHVEL TIME 
(SECONOSI 

SURFRCE 
ANGLE 

BOTTOM    PROPflGRTIDH 
ANGLE        LOSS   (061 

NUMBER OF 
REVERSRLS 

-36.0 
-37.! 

-36.0 
37.1 

7.664 
7.790 

-36.1 
-37. a 

36.2 
37.3 

81.00 
81.15 



RANGE =12.5 MILES 

cn/ci2 

TM No.  811061 

REVERSE BLANK 



PEHft   30-flUG-eo 02t03jS3 

»-SEF-80 ISiSSiHB 

TM No. 811061 

EllMflR35   RIDGE 

e.oo 

0.0 
CD 
o 

> 
LU 

-«o.a 

FROH OOHN 

-20. 
ANGLE 

0. 20. 
[DEGREES] 

FROH ir 

0.0 -uo.o 
LEVEL    (DB) 

ANGLE.DELflT MHX=-87.00 DB 
ANGLE MfiX=-85.15 DB 
DELBT MfiX=-80.20 DB 
DESIRED RRNGE= 12.5NRUTICflL MILES 
STARTING FREQUENCT= 1195. HZ. 
STOPPING FREOUENCT= 505. HZ. 
STARTING DEPTH= 102.98 METERS 
STOPPING DEPTH= 162.60 METERS 
SOURCE DEPTH=78.0METERS 
SOURCE HIDTH=10.0METERS 
SOURCE AIM=15.0DEGREES 

C13 



o 

o 

c» 

o en 

32500. 
IIRNGE   (HETEHSI 

ISOOO. 

RUN  FOR     BT56C 

SOURCE DEPTH - 78,00 METERS 
SOURCE RANGE = 0.00 METERS 

TARGET DEPTH 
TARGET RANGE 

17500. 

136.00 METERS 
23166.37 METERS 

20000. 22500. 25000. 

THRMSHIT BECEIVE TBPVEL TIME SURFBCE BOTTOM PBOPBCBTION gUMBEB OF 
BNELE   RNGLE   CSECDNOSI   BNGLE  BNGLE   LOSS (OBI   REVEBSHLS 

90.2 30.2 17.980 90.4 



i \ 

o 

2500. 10000. 12S00. 
HRNGE   (HETERSI 

ISOOO. 17S00. 21000. 

RUN   FOR     BT56C 

SOURCE  DEPTH =  78.00 METERS 
SOURCE  RANGE   =  0.00  METERS 

TARGET DEPTH  -  136.00 METERS 
TARGET  RANGE  = 23166.37  METERS 

TnttNSMIT RECEIVE  TRRVEL TIME  SURFBCE  BOTTOM PflOPflCRTIOM NUMBER OF 
BNGLE   ANGLE   (SECONDSI   BNGLE  ANGLE   LOSS tOBI   REVERSBLS 

29.7 -29.6   17.B9I -29.B   29.9   SB.23 
5^ 

00 

o 
Ok 



0. 

7S0. 

ISOO. 

zzso 

sooo 

3750. 

( 
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/ 

\ V A / 

^J \J y 
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1. 
1. 250 0.                 soo 0.                       750 0.                       100 DO.              Jzsbo.              Jsoijo.              I7S00.              loqoo.              jzioq.              twu 

z 
o 

QO 

O 
<3\ 

itnNcc (HCTcnsi 

RUN  FOR     BT56C 

SOURCE DEPTH 
SOURCE RRNGE 

78.00 METERS 
0.00 METERS 

TARGET DEPTH - 136.00 METERS 
TfiRGET RANGE - 23166.37 METERS 

TBBNSHIT    WCEIVE    tlWlVEL TIME    SUflFBCE    BOTTOM    PROPflGBTlBM    NUMaER OF 
flNCLE        BNGLE tSECOMOSl BNGLE      BHCLE        LOSS  (OBI       REVEHSBLS 

l«.l -lU.O lE.OZI 0.0 1«.B 86.93 
H.S i«.e 1B.0E6 -!S.l IS.« B6.53 



0. 

7S0. 

ISDO 

o 

3000. 

S750 
0. 
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>v /^ 
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V y 
'     ■ 

■,•.. .. 

a zso 5.                       500 5.                        750 3.                          100 30.                .     12500.                      15000.                      17500.                     20000^                      22800.                      2500 
nflNOC   (MtTCRSI 

RUN   FOR     BT56C 

SOURCE DEPTH 
SOURCE RfiNGE 

78.00 METERS 
0.00 METERS 

TfiflGET DEPTH 
TRHGET RANGE 

136.00 METERS 
2316B.37 METERS 

TRPNSHIT RECEIVE TRBVEL TIHE SURFRCE BOTTOM PROPBCBTION NUMBER OF 
RNGLE   RNGLC    (SCCONDSI    RNGLE  RNCLE   LOSS (081   REVERSALS 

-IV.S 
-IS.S 

-m.u 
is.z 

IS.0>IB 
16.093 

-1«.B 
-IS.5 

IS.O 
15.8 

as. Its 
85.63 o 

CO 

o 
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o 

00 

o 
ort 

25000. 

SOURCE  DEPTH 
SOURCE  RRNGE 

78.00 METERS 
0.00 METERS 

BT56C 
TnnCET DEPTH 
TARGET RRNGE 

136.00 METERS 
23166.37 METERS 

'"SKECr W '^?Mr ra= » [CMP": «??! 
:',o:r" wrr' irow -«.. »o.7 ...«»  » 



RANGE = 25 MILES 

C19/C20 

TM No. 811061 

REVERSE BLANK 



fEMFi   50-flUG-BC  02iD3i33 

TM No. 811061' 

E11MRR35   RIDGE 

«.oo 

0.0 
LEVEL    (DB) 

FRDM OaUN 

-20. 
ANGLE 

0.       20. 

DEGREES) 

ANGLE,DELflT MfiX=-90.25 DB 
BNGLE MfiX=-87.75 DB 
DELHT MHX=-81.99 DB 
DESIRED RRNGE=: 25.0NRUTICRL MILES 
STARTING FREQUENCr= USS. HZ. 
STOPPING FREQUENCT= 505. H2. 
STARTING DEPTH= 102.98 HETERS 
STOPPING DEPTH= 162.60 METERS 
SOURCE 0EPTH=78.OMETERS 
SOURCE HIDTH=10.0METERS 
SOURCE niM=15.0DEGREES 

C21 
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00 

o 

5000. 10000. I5000. 20000 25000. 
nnNGE iHETEnsi 

95000. «5000. 50000. 

RUN   FOR     BT55C 

SOURCE DEPTH 
SOURCE RRNGE 

78.00 HETERS 
0.00 METERS 

TflRGET DEPTH 
THRGET RRNGE 

136.00 HETERS 
116332.71 HETERS 

"SKarr "^iir "\^iih^}^' 'i^^ sssir 'i^ftir ^^^ui 
14.« 
IV.S 

-lil.S 
It.7 

32.076 
32.122 

-u.e 
-15.0 

1«.9 
15.9 

82.«3 
92.59 
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ro 
CO 

TSO, 

ISOO. 

2ZS0. 

3000. 

soooo. 

SOURCE  DEPTH  -  78.00 METERS 
SOURCE  RANGE   '  0.00  METEHb 

BT55C 

TRRGET DEPTH 
TARGET RRNGE 

136.00 METERS 
U6332.71 METERS 

"sv "ffi? :»r « » war »? 
9.B 
4.6 

-3.2 
U.2 

31.0S9 
31.012 

0.0 
-5.3 

5.S 
6.0 

87.30 
88.89 

O 

00 

s 



o ro 

o 

o en 

2SD0O. 
HHNCC (HCTtnsi 

SOODO. 

RUN  FOR     BT55C 

SOURCE DEPTH 
SOURCE RnNGE 

78.00 METERS 
0.00 METERS 

TfiRGET DEPTH - 136.00 METERS 
TRRGET RRNGE • 46332.7U METERS 

TKINSHIT    flECEIVC 
RNCLE        RNGLE 

TRRVEl. TIHE 
(SECONDS) 

SURFRCE  BOTTDM rRDPRCRTION  NUHBEH OF 
RNDLE  ANGLE   LOSS (OBI  BEVEflSRLS 

-s.s 
«.7 

91.006 
SI.081 :S:? 5.7 

6.« 
BB.21 
B9.S7 
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5000. 

SOURCE DEPTH 
SOURCE RRNGE 

zsoop. 
flNMGC   (METCnSI 

SODDO. 

RUN   FOR     BT55C 

78.00 METERS 
0.00 METERS 

TRRGET DEPTH 
TARGET RANGE 

SSOOO. 

136.00 METERS 
146332.74 METERS 

wooo. SOtiUO. 

TRBNSMIT    RECEIVE     THOVEL  TIME    SUBFRCE     BOTTOM    PROPBEBTIOM    NUMBER  OF 
BNGLE ANGLE tSECONDSI ANGLE       BNGLE LOSS   lOBI        REVERSBLS 

4 
5 

14.6 -lU.S 33.102 -14.9 IS.l 02.1(9 
15.0 )«.0 32. ma -15.2 15.5 92.57 o 

O 



TM No. 811061 

RANGE = 37.5 MILES 

C27/C28 

REVERSE BLANK 



PEHFi   SD-nuS-BQ  02iO3:33 

TM No. 811061 eo i«'2».i2 

EllMnR35   RIDGE 

0.0 
CD 
D 

LU 
> 
LU 

-UO.Ol 
-20. 0. 20. 

ANGLE    (DEGREES) rmn uf 

ANGLE,DELflr MfiX=-99.27 DB 
ANGLE MfiX=-96.57 DB 
OELAT MfiX=-92.88 DB 
DESIRED RRNGE= 37.ttNRUTlCflL MILES 
STARTING FREOUENCr= U95. HZ. 
STOPPING FREaUENCT= 505. HZ. 
STARTING DEPTH= 102.98 METERS 
STOPPING DEPTH= 162.60 METERS 
SOURCE DEPTH=78.0METERS 
SOURCE HIDTH=10.0METERS 
SOURCE niH^lS.ODEGREES 

C29 
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o 

CO 

o 

ISOOO. zzsoo. soooo S7S0O. 
RANGE IHCTEHSI 

75UUO. 

RUN   FOR     BT5UC 

SOURCE DEPTH • 78.00 METERS 
SOURCE RRNGE • 0.00 METERS 

TRRGET DEPTH - 136.00 METERS 
TRRGET RRNGE « 69499.11 METERS 

"gaerr "gssir 'in^o^r TH'- m?* Tsss^^r ^x^iia^ 
1«.S -14.« «8.IS2 -W.7 iS.O BS.9S 5 
i«.a 1H.7 He.177 -IS.O 1S.9 gs.ov B 
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a. 
1^ 

0 

7500. 15000. 22S00. 30000. 57500. 
RflNCE   (MCTERSI 

52S00. BOOOO. 75000. 

RUN   FOR     BT54C 

SOURCE  DEPTH 
SOURCE  RANGE 

78.00 METERS 
0.00  METERS 

TARGET  DEPTH 
TARGET  RANGE 

13G.00 METERS 
69499,11  METERS 

TWBHSflT BEpETVC TRHVtL TIHE 
RNGLE RNGLE 

SUflFBCE BOTTBH rROPBCBTlBN NUMBER OF 
RNGLE  ANGLE   LOSS (OBI   REVERSHLS 

2.0 0.7 46.2SB -3.2 «.U B7.23 2 
7.B -7.7 47.001* -B.3 B.e gii.i6 3 
B.9 e.i U7.D29 -B.7 S.2 BH.H2 « o 

■ 

00 

o 
en 



o 
(A) 

00 

C7) 

isooa. STSOO. 
RRNCC   IMCTERSI 

szsoa. •7500. 7S000. 

RUN   FOR     BTSyC 

SOURCE DEPTH -  78.00 METERS 
SOURCE BRNGE - 0.00 METERS 

TflRCET DEPTH 
TARGET RRNGE 

136,00 METERS 
69>199.11   METERS 

TRRHSNIT 
RNCLE 

nEccive 
RNGLC 

tRflVEL TIM 
(SECONOSI 

sunrpcE 
nNGLE 

BOTTBK 
ANGLE 

rnornEnTioH 
LOSS   IDBI 

NUMBER or 
REVERSHLS 

-z.o 
-B.I 
->.S 

O.B 
-7.B 
B.3 

<IB.Z63 
^7.D1B 
«7.0VV 

-s.s 
-B.S 
-a. a 

s.o 
B3.BII 
SV.B) 
B«.SS 
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CO 
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30 

S m 
d? 

£ 
37500. 

HflMGE (KETERS) 
■tsooo. 

RUN   FOR     BT54C 

SOURCE DEPTH 
SOURCE RfiNGE 

78.00 METERS 
0.00 METERS 

TARGET DEPTH 
TARGET RANGE 

136.00 METERS 
691199.11 METERS 

TRRHSMIT RECEIVE TRBVEL TIHE SURFBCE BOTTOM PRDPBGflTlON NUMBER Bf 
RNGLE   RNGLE   (SECONDS!    RMCLE  ANGLE   LOSS (DBI   REVERSALS 

-111.7 
-1«.9 

-1H.5 
14.B 

UB. ISB -H.9 
-IS.l 

IS.Z 
IS.4 

96.02 
96.08 

O 

00 

o 
en 



RANGE = 50 MILES 

C35/C36 

TM No. 811061 

REVERSE BLANK 



PEHFi   30-BUC-BD Ml 03! 35 

«-SFP-BD  I«i«0i27 

TM No. 811061 

EllMflR35   RIDGE 

0.0 

fl.OO 

LEVEL    (DB) 
0.0 

UJ 

-tto.a 
-60 

nan OBHN 

-no. -20. 0. 20. 
ANGLE    (DEGREES) 

FROM UP 

RNGLE.OELflT MflX=-103.25 DB 
ANGLE Hnx=-gg.78 DB 
DELflT MHX=-95.39 DB 
DESIRED RfiNGE= U9.9NflUTICRL MILES 
STRRTING FREQUENCT= U95. HZ. 
STOPPING FREOUENCT= 505. HZ. 
STBRTING DEPTH= 102.98 METERS 
STOPPING DEPTH= 162.60 METERS 
SOURCE DEPTH=78.0METERS 
SOURCE HIDTH=10.0METERS 
SOURCE RIM=1S.0DEGREES 

C37 
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20000, 50000. 
nnNGC (McrcRsi 

100000. 

RUN   FOR     BT53C 

SOURCE DEPTH 
SOURCE RRNGE 

78.00 METERS 
0.00 METERS 

TARGET DEPTH 
TARGET RANGE 

136.00 METERS 
92665.119 METERS 

TnRNSMIT 
ANCLE 

HECEIVe 
RNCLC 

TUBVEL TIME 
(SECONDS! 

sunrocE 
RNGLE 

BOTTOM 
ANGLE 

PROPnCRTlON 
LOSS 1001 

NUHBER OF 
REVEBSBLS 

10.0 

t«.t 
IB.B 

B.B 

1H.6 
-IB.B 
19.0 

E3.03S 
64.108 
6i(.233 
65.676 
65.73U 

-10.3 10.7 
-l«.B 15.1 
-)5.0 15.3 
-IB.l 19.3 
-IB.2 19.4 

B7.4g 
SB. 49 
9B.S4 
99. H 
99.14 

6 
7 
B 
B 
10 



0. 

7S0. 

ISOO 

2250. 

9000 

3750. 
0. 10000. 

SOURCE DEPTH 
SOURCE RANGE 

20000.                      30DDO. 40000.                      SOOOO.                      SOOOO.                      70000. 
RRNCE   IMETCnSI 

RUN   FOR BT53C 

78.00  METERS 
0.00  METERS t 

TARGET  DEPTH  -   136.00  METERS 
TARGET   RANGE   =   93665.49  METE 

TRRNSHIT 
HNGLE 

HECEIVE 
BNGLE 

TRRVEL  TIME 
(SEC0N05I 

SimFBCE    BOTTOM    PBOPBCHTION    NUMBER OF 
RNGLE       RNGLE         LOSS   (OBI       BEVEflSPLS 

U.l 
>l.5 
S.8 

-3.6 
4.1 
-9.6 

62.127 
62.141 
63.004 

-4.8           5.6           94.06                      3 
-5.2           B.D           94.77                      4 
-10.1          10.5         97.37                       5 

aoooo. 90000. IDOOOO. 

w 
00 

o 



o 

o 

oo 

o 

SOURCE DEPTH 
SOURCE RRNGE 

zoooo.              soooo. «a000.                  50000.                  10000.                  TOOOO. 

RnNCE  IMETCnSI 

RUN  FOR     BT53C 

78.00 METERS 
0.00 METERS 

TARGET DEPTH -  138.00 METERS 
TARGET RRNGE  - 92665.US METERS 

"ZV^V "ssEir ^is^Njr 'HDEEi^ mr '^ifiir tm^sZ 
-<I.S 
-«.B 
-B.8 

-5.0           EZ.136               -5.0          5.B          84.<I2                     « 
«.«            E2.I50              -S.«          S.I          8S.02                    S 
-8.7          E3.0Z2              -10.2        10.6        87.4«                    S 

lOOOOO. 



o 
ro 

m 

^ 

7^ 

10000. 

SOURCE  DEPTH 
SOURCE  RfiNGE 

20000. soooo. iioooo soooo. 
RRNCE   (HCTEnSI 

60000. 

RUN   FOR     BT53C 

78.00 METERS 
0.00  METERS 

TARGET  DEPTH 
TRRGET  RANGE 

70000. 

136.00 METERS 
92665.119 METERS 

100000. 

TRBNSHIT BECEIVE  TRBVEL TIME  SUHFRCE BOTTOM PBOPBCBTIBN NUMBER OF 
RNGLE RNGLE 

10.0 

ISECONOSr 

63.OSS 

RNGLE 

-lO.S 

RNGLE 

10.9 

LOSS OBI REVERSALS 

-10.2 97.56 7 
-11.7 -m.B EV.214 -14.B IS.2 98.52 8 
-H.B 14.B 64.260 -IS.I 15.4 9B.se g 
-19.0 -18.9 65.710 -19.2 19.4 99.12 10 
-19.2 19.1 65.76B -19.J 19.5 99.15 11 

o 

00 

o 



RANGE = 75 MILES 

C43/C44 

TM No. 811061 

REVERSE BLANK 



PEHFi   30-BU5-BO  0Z!03!33 

TM No.  811061 

EllMnR35   RIDGE 

•€.00 

e.oo 

■■IJ.OO 

CD 

UJ 

■■2.00 

o.oo 

0.0 
OD 
CD 

-uo.o^ 
-60 

FRflN  ODUN 

-20. 
ANGLE 

0. 20. 
(DEGREES) 

FflWI UP 

0.0 -«o.b 
LEVEL    (OB) 

ANGLE,DELRT MflX=-!09.08 DB 
RNGLE MHX=:-10«.e9 OB 
DELHT MflX=-102.65 DB 
DESIRED RflNGE= 7U.9NfiUTICfiL MILES 
STARTING FREQUENCr= U95. HZ. 
STOPPING FREOUENCT= 505. HZ. 
STARTING DEPTH= 102.98 METERS 
STOPPING DEPTH= 162.60 METERS 
SOURCE DEPTH=78.0METERS 
SOURCE HI0TH=10.0METERS 
SOURCE HIM=15.0DEGREES 

C45 



i 

o 

o 

20000. 

SOURCE DEPTH 
SOURCE RRNGE 

«0D00. 

78.00 METERS 
0.00 METERS 

80000. 100000. 
RRNGE   IHETERSI 

120000. 

RUN   FOR     BT52C 

TORCET OEPTH 
TARGET RfiNGE 

11(0000. 

136.00 METERS 
136998.21 METERS 

IROOOO. 200000. 

"gagrr RECEIVE ^1§?EbNJir SURFACE sRjjr PROPRGRTION 
Loss   (081 

NUMBER or 
ANGLE RNCLE REVERSALS 

-11.3 9S.0E0 -II.B 12.1 101.3S S 
II.S 05.006 -11.9 12.3 101.44 10 
-14.5 96.300 -14.B 15.1 102.03 11 
It.6 96.345 -15.0 15.2 102.06 12 
-17.11 97.742 -17.7 17.9 102.46 13 
11.S 97.796 -17.8 18.1 102.48 14 



c-> 

100000. 
«BNGE (METtnSI 

200000. 

RUN   FOR     BT52C 

SOURCE DEPTH 
SOURCE RANGE 

78.00 METERS 
0.00 METERS 

TRRGET DEPTH 
TRRGET RANGE 

136.00 METERS 
13B998.2J METERS 

TUHNSMIT 
RNGLE 

1.9 
4.2 
U.5 
B.l 
8.3 

RECEIVE 
RNGLE 

O.G 
-3.8 
1.1 
-1.9 
8.1 

TRBVEL TIME 
ISECONOSI 

92.516 
93.106 
93.210 
9U.D27 
94.053 

sunrncE 
RNCLE 

-3.2 
-U.9 
-S.2 
-B.S 
-8.7 

BOTTOM 
ANGLE 

5.7 
5.9 
0.0 
9.1 

rBOPBCBTlOM 
LOSS (DBI 

108.50 
97.77 
98.26 
100.28 
100.40 

NUMBEM or 
BEVERSBLS 

o 

00 

o 



750. 

ISOO. 

22 SO. 

00 

3000 

9750. 
0 

c A A/ A ^i ) 
/ / 

i A 1 1 
// y/ y ] 

(\/ 

N M U v\/ V Y\ II 
' 

. i 
zoot 0.                vooc 0.                    EOOC n.              8000 0.              loodoo.             120000.             itodoo.             i6oboa.             isoooo.             20001 

o « 

00 

o 
0^ 

DRNCC   CHETCnSI 

RUN FOR  BT52C 

SOURCE DEPTH 
SOURCE RRNGE 

78.00 METERS 
0.00 METERS 

TARGET DEPTH 
TARGET RANGE 

136.00 METERS 
138998.21 METERS 

TBBNSHn ntpEIVE 
ONC 

-2.0 

-«.s 
-•.2 
-S.« 

DRGLE 

0.7 
-3.B 
«.S 
-8.0 
8.2 

THUVEL TIME 
(SECONOSI 

02.521 
B3.20S 
03.210 
g^.Ol|^ 
BV.OGB 

sunrncE 
NNCLE 

-3.2 
-5.1 
-5.3 
-8.6 
-8.8 

BOTTBH 
RNGLE 

«.« 
5.8 
E.I 
B.l 
B.2 

rnOPRCRTlOH 
Loss (081 

102.«« 
08.02 
BB.VS 
100.35 
I00.IB 

NUHBEK or 
REVERSRlS 

5 
6 
7 
8 
B 



o 

o 

m 

I— > 
7^ 

60000 100000. 
nnNGC   (HETERSI 

120000. uoooo. IBOOOO. IBOOOO. 200000. 

RUN   FOR     BT52C 

SOURCE DEPTH 
SOURCE RANGE 

78.00 METERS 
0.00 METERS 

TRRGET DEPTH • 136.00 METERS 
TARGET RANGE = 138998.21 METERS 

TBBNSHir RECEIVE TRRVEL TIME SURFBCe BOTTOM 
ANGLE 

rROPflGBTIOM 
LOSS (DBI ^^v^.r. BNCLE PNCLE (SECDNOSI RNGLE 

-11.6 -11.« BS.OSl -11.9 12.2 101.43 10 
-II.7 11.6 95.117 -12.0 12.4 101.47 11 
-m.7 -14.6 96.326 -14.9 15.2 102.05 12 
-14.e 14.7 96.372 -IS.O 15.3 102.08 13 
-17.6 -17.S 97.773 -17.6 18.0 102.47 14 
-17.7 17.6 97.828 -17.9 18.1 102.49 IS . 

o 

00 

o 



TM No. 811061 

RANGE = 100 MILES 

C51/C52 
REVERSE BLANK 



EllMflR35   RIDGE 

rtMFi 30-aUG-BO 0?>05!33 

TM No.  811061 

0.0 
m 

> 
LU 

0.0 

«.oo 

LU 

UJ 

0.00 

LEVEL 
-liO.O 

(DB) 

-uo.oi 

rmw DOHN 

-20. 
ANGLE 

0. 20. 
(DEGREES) 

rwm UP 

HNGLE.OELHr MflX=-im.ll6 DB 
RNGLE MfiX=-109.99 OB 
OELflT MfiX=-10B.OO DB 
DESIRED RflNGE= 99.8NflUTICfiL MILES 
STARTING FREOUENCT= U95. HZ. 
STOPPING FREOUENCr= 505. HZ. 
STARTING DEPTH= 102.98 METERS 
STOPPING DEPTH= 162.60 METERS 
SOURCE DEPTH=78.0METERS 
SOURCE HIDTH=10.0METERS 
SOURCE flIM=lS.OOEGREES 

C53 
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o en 

••c J 

Of/ h M\ /^ f 
H 1   \ m \l li 
nh 1 M I ZZSO. ' 

\il A i m W 
vv w '\A Ml 

•   • 
3750. i 

0. zooc 10.                    <IOOC n.              eooi 0.                    800( m.              loodoo.             120000.             HOOOO.             isnooo.             IMOOO.             zoao 

z o 

CO. 

o 

RHNCE   tHCTCnSI 

RUN  FOR     BT51C 

SOURCE DEPTH 
SOURCE RRNGE 

78.00 METERS 
0.00 METERS 

TORGET DEPTH 
tRRGET RflNCE 

136.00 METERS 
165330.96 METERS 

"stisrr %m' "^iiuir 'Wi' 1& 'm^^lll?" ^n^mJti 
-0.7 129.571 -S.2 •1.4 104.27 
1.0 1Z1.S77 -S.3 t.4 100.82 
-S.B 124.266 -5.0 S.8 100.37 
«.l 134.279 -5.2 5.8 100.72 
-7.0 125.074 -7.8 8.2 102.99 
7.1 125.097 -7.B 8.S 102.51 10 
-9.7 126.032 -ID.2 10.6 103.44 11 



■f t";: 

X) 

pa 
CO 

03 
I— 

# 

SDoao. 80000 100000. 
RRNCE   (HETERSI 

120000. ItOOOO. J80000. 1BOOOO. 

RUN   FOR     BT51C 
SOURCE DEPTH 
SOURCE RRNGE 

78.00 METERS 
0.00 METERS TRRGET DEPTH 

TRRGET RRNGE 
136.00 METERS 
185330.96 METERS 

"SK^rr %iVul.^    ^I^tl'&uli':'^    'HGEPfE  BOTTOM PPOPSMTIPN NUMBER^OF 

-2.0 
-2.1 
-U.it 
-i|.5 
-7.3 
-7.1 
-9.9 

"flNGLE^        C5EC8N6si-     'BNGLT     BSGLE"    ' L'OSS"™""    REVEBSBLS 

-0.8 
I.I 
-l».0 
4.2 
-7.1 
7.2 
-9.8 

I23.S7B -3.3 1.1 
I23.SB2 -3.3 1.1 
124.271 -5.1 5.3 
121.280 -5.3 6.0 
lES.OBB -7.7 B.3 
125.111 -7.9 6.1 
126.050 -10.3 10. 

100.66 
99. SB 
100.51 
100.81 
102.15 
102. SB 
103.17 

6 
7 
B 
9 
10 
II 
12 00 

o 
at 



TM No. 811061 

RANGE = 117 MILES 

C57/C58 

REVERSE BLANK 



E llMflR35   RIDGE 

0.0 

P£NFi   30-RUi-eO  02:03:33 

TM No..  811061' 

8.00 

0.0 -uo.o 

-no. -20. 0. 20. 
_ ANGLE    (DEGREES) 
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