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4 Normal Incidence bottom reflection lesi m.an,.smeots at 12kc wsi sondactod

from the USS PREVAIL (AGS”20) In the Tongu, of the OGSS1 and bie~t$ii~w ,
- - Bahemas dur~~ ~~ly thre ~~h ~~~ st I%3. ~~p~~clmataIy ~:ii second ~~tcm

flectlons were r.cordmd ovsr~he 700 miLes of tracks at amed Ø~•The measurements wer , made ~mderwuy with an AN/U QN~i echo asunder and a
modIfied REMPAC s)ltom.

j  Th. effect .1 the marginal slopes In the Tongu. of the Ocam~~~ Increasing
b~Itce~ km v~1u.s wes kw~~Igutod . Minimizing this .ff. ~t aU~~~d a mere recUotic
comparison of the Tongue of the Ocson aid Exums Sosaid date. R.s~J$s WIOUt. both
oreos hay. nearl y Idei*lcal mean bottom lm.es (19.1 ~~and 19.2 db) whiàh compor.
*svcuobly with corrected AMOS data.
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NORMAL INCIDENCE BOTTOM REFLECTION MEASUREMENTS
IN THE TONGUE OF THE OCEAN AND EXUMA SOUND

INTRODUCTION

J Bottom reflection measurements using a 124cc signal at normal Incidence
were conducted in the Tongue of the Ocean (1010) and Exuma So~.md
thr ough August~~96~ by U. S. Naval Oceanographic Off ice personnel aboard the
USS PREVAIL (AGS—20). Measurements were made along the tracks Ind icated In
fIgures 1 and 2, In the TOTO an attempt was made to col lect data ovc~r all planned
ranges In the Atlant ic Undersea Test and Evaluation Center ~he Sonar and Acoustic

4 Ranges have been relocated from the areas indicated in Figure 1), in oddition to
supplementing the o~cIstl ng low frequency data obtained the previous year by

— NAVOCEANO1: 2, 3 hi the Weapons and Acoustic Ranges0

The TOTO was divided into two areas to facilitate shi p operations and to establ ish
the prior ity of data requirements hi Area I should ship avaUobiilty not OIIGW surver
Ing the entire 1010 area .

AU ship posDlonlng was accomplished by intersect Ion frcm three or four radar
targets when possible and with a radar fix and dead reckoning when necessary0
Tracks in the southcrn port ion of Area II could not be comp leted to f he planned
length as a complete lack of radar targets precluded any positioning.

INSTRUMENTATION

A modified REMPAC. ~efIectivity Measurements in the Pacific ) system 4 as shown
in Figure 3 was employed In making the normal Incidence reflection loss measure
ments . Basica lly, the system consisted of an AN/UQN~1 echo sounder, a linear
receiveram pllfl er , a Brue l and Kjaer (B&K) sing le channel graphic recorder, and
a low level signai generator .

The system had five modes of operation: (1) receIve , (2) receiver calibrate ,
(3) transmItter calibrate , (4) recorder calibrate, and (5) standby. Modes (2) and (4)
were used to insure that the system was properly aligned and calibrated to receive
and record signals. Mode (3) was to Indicate the stability of the tra nsducer line
voltage , but was Inoperable due to a lack of components In the system .
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FIGURE 3 BLOC K DIAGRAM OF MODIFIED REMPAC SYSTEM

Two ship-mounted transducers were available for use Both transducers were
checked against a cal ibrated transducer lowered over the ship’s side whi le drifti ng
In deep waters. The transmitting response of the calibrated transducer was ~~.2 dW/
mlcrobar/volt at 1 meter and the receivIng response was ‘70.9 db//volt/microbar

- I The peak voltage to the transducer as read on an oscilloscope was approximately 200
vo lts (141 volts rms) and the source level of the calibrated transducer was calculated
to be 101 .2 dW/microbar at 1 yard . The return signal levels of each of the ship’s
transducers were nearl y ident ical and onl y 2 db less than the level measured by the
calibrated tronsduce r0 Therefore, it was assumed the shi p’s transducers had output
leve ls of 99,2//microbar at 1 yard. Generally, during operations the ship’s forward
transducer, mounted flush with the hull , proved less noisy than the dame type frans—
ducer mcunted nea rer midships.

-

‘ 
DATA COLLECTION

Tongue 3f the Ocean

Bottom reflection measurements were made continuously whi le the ship was
moving at six knots. The echo sounder was operated an the 6000 fathom scale and
transmitted a 150 mflflsecond 12’4cc pulse each 30 seconds. At this speed twenty
pulses were recorded each mile .

Since the depth transducer was being utilized continuously no fathogrom was
being printed and depths had to be measured directl y from the B&K paper record.

4
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To Insure that depths could be read to the desired accuracy cf ±10 fathom s, the paper
speed of the 13&K recorder was Increased from the normal operating speed of I mH ll-
meter/second to 10 millimeter/second (see Figure 4A) at least each tenth pIng (each
half mite). For a paper speed of 10 mIllim.t.r ~/second a mlnlrnusi soparaticss of 5
millimeters was required between outgoing and return pulses to Insure the depth error
did not exceed 10% (as limited by on average reading accuracy of ±0.25 milllnsetesi) ,
This factor restricted the accurate operational deptlv to approxImately 1200 feet,
CoincIdentally, at depths shallower than 1200 feet it became Increasing ly difficult

~ I 
to distinguish between transmitted and received signals at the normal paper speed.
This minimum depth was exceeded several times on run I in both Areas I and II with
a subsequent loss of usabte data . 

-

On occasion, the weather conditions contributed to a loss in quantity and quality
o# data obtained , Rough seas (Sea State 3 and greater) raised the background noise
level considerably and caused a marked increase In ship’s toll which decreased the
number and/or level of the return signals. Most of the returns that were recorded at

j th is time %vera obscured in the background noise (see Figure 48).

Data were collected over six tra cks averaging 35 mIles each in Area I and along( four tracks averagThg 60 mIles each In Area II. A total of more than 6600 fIrst bottom
reflections were recorded over the combined areas,

Exuma Sound

Data collection technk~ies were the same as those employed In the TOTO
except that the ship cru ised at a speed of eight knots, thus reducing the desnlty
coverage from 20 to 15 pulses per mile . To maintai n the desired spacing of accurate
depth recordings each half mile, the B&l( paper speed was increased to 10 nsflhl—
meters/second each 7 or 8 pings.

Almost 4000 ffrst bottom reflect ions were recorded over the four 75 mile tracks
in Area III. I -

DATA ANALYSIS

In order to obtain a common frame of reference for data analysis each track was
divided into two -mile segments and each segment was assigned a station number.
Figures 5 and 6 IndIcate th. breakdown of each track Into stations. There were
usually three to six accurate depth recordings on the B&K paper tape for each station
The overage value of these readings and a sound velocity of 4960 feet/second were
used In computing the water depth for a station. (Ihe sound veloc ity was determined

5
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‘ from 1010 ot:ear o~raphic data and Wilso&s Tables5 and is a weighted mean for a

typica l water column In July).
- ‘ Ideally, each station in the TOT O would contain 40 bottom reflecti on dote

values (30 data values in Exuino Sound) f rom which a mean bottom loss could be
determined . Actual ly, the samp le size varied considerabl y per stati on at t was
affected by fIu ctu ~tions in ship5s spee&~over’ground and the loss of signal returns
due to shal ~ow depths , rough seas, bottom slopes, bottom roughness, etc. The
greatest sing le factor which reduced the amount of usable data , and thus the samp le
size of many sta t i-~ns , was that first bottom returns had to be discarded as inva l id and
only second retu rn s used. The hi gh signal strength of the ffr st bottom returns was out—

- ‘ side the linear portion of the amplifier response making the recorded levels erroneous
and onl y second bottom return s could be used ~n computing bottom losses. The elim

- 
) 

inoflon of fi rst vc ums resulted in a loss of almost 25% of the recorded data (almost
2600 observaUons hod 4;tO second returns) . Despite cli the Pmiti ng factors , a ceasorr
able samp le size was obtained for most stations. The overa ge numbc r of usable second
ref lections pcr stcitton was 21 , 29, and 18 for Areas I , II , and III , respe ctive ly.

in order to fccilitot e the ana lysis of the lar ge amount of data (7912 reflections)
a program for conputirig mean botto~n loss per stotinn was viri tten for an iBM 7070

- 
- 

digita l computer. Since bottom returns were expressed h decibels , the 7070 computer
calculated the anifiog of these d~to values, determined the average absolute vc*lue for
each stat iân, and then recon verted this value to decibel notation for use in the bottom
loss equation , In ad dition to bott om loss, the standard deviation o~ bott om returns
(which is identical for bottom losses) and the water depth Tn feet were computed for
each s~ation ~-. Th.~ resu lts of this program are tabula ted sepa ratel y for each area in
Tables 1 , 2, and 3.

Mean b~~tc~ loss was calculated for ecch staHon using the folkw?n g equoflon:

Bottom Loss SI - PL + RR + RG AS - RC - MPP

where , SI So~irc e Level 99.1 db/microbcw at yard, - PL Propagation Loss 20 log 4D + 4&)
D Water dept h in yards
a Absorption coefficient 1 .1 db/kyd

RG Receiver Gain 80, 90, 94, or 95 db
AS Attenuator Sett ing 10, 15, 20, or 25 db
RC Recorder Calibration (0 db) -40 db/vo lt

- 

~~ RR fteceiv ing Response 70.9 db//volt/microhar

MPP Mean Peak Pressure average data value read from B&K record

9
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~ab1e 1 Summary of bottom reflection loss data
Area I

—

~~~~~ Water Number Bottom Standard
Track ~-tati on Depth of Loss Deviation

* 

No. No. (fr) Reflections (dl,) (db)
— 

- 
1 1 2294 7 24.4 2.8
1 4 1178 11 24,0 5 7
‘1 5 2696 5 239 1.0
‘1 6 3752 5 21.6 1.6
1 7 4836 15 18.8 3.3
1 8 5372 5 18.0 0.9
‘1 9 5456 8 18.0 2.3
‘1 10 5414 2 19.2

- 
- I U 5372 2 18.2

1 12 5208 6 19.4 1,2
I 1~ 5208 10 196 1.4

- 

- ‘I 14 5146 19 19.3 1.7
1 15 5146 6 19.8 1.6 -

2 1 5146 5 16.6 2.8

~U. 2 2 5208 11 17~9 ‘1.4
2 5240 17 177 1.1
2 5414 24 17.2 2.0
2 5 5-456 18 18,4 2.0
2 6 5538 19 18.8 1.2
2 7 5672 19 18.8 1.3
2 8 5610 20 18.6 1.6
2 9 5486 31 17.1 2.8

L 

2 10 4752 20 20.0 1.8
2 11 4504 10 20.4 ‘1 4
2 12 4340 iS 2L0 1.7

• 2 13 3968 15 20.6 3.2
2 14 3833 32 20.0 3.4

3 2 5022 4 17,9 3.3
3 5456 6 18.3 4.3
3 5 5406 3 15.5
3 6 5744 2 14.3
3 9 5644 6 20.0 1.7 —

3 10 5744 5 ‘19.7 2,4
3 11 5.431 2 18,8
3 12 5208 6 20,.) 2,0

10 
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labie 1 Summary of bottom reflection loss data (Cont’d)
Area I

Water Number Bottom Standard
Track Station Depth of Loss Deviat ion

J 

No. 
- 

No. 
— 

(ft) Reflections (db) (db)

3 13 5208 11 18,4 5.4
3 ‘14 5166 ‘13 20.7 1.4
3 15 5084 22 19.4 4.2

4 1 5208 18 16.7 5.0
4 2 5000 12 19.3 2.1
4 3 5208 34 1.8.3 2.8
4 4 5300 30 18,7 2.4

• 4 5 5424 37 178 1,8
4 6 5496 26 18 ,6 1.8
4 7 5672 34 18.3 LI
4 8 5704 36 17.7 2.4
4 9 5704 25 17.2 1.7
4 10 5858 38 ‘16.4 2.0
4 11 6106 35 17.2 2.1
4 12 6262 21 18.0 1~2
4 13 6423 29 17.9 2.0

14 6572 30 17.9 2.0
4 15 6602 27 17,1 1.9

5 1 5084 24 18.3 3.0
5 2 5208 25 18,7 2.5
5 3 5208 37 18,4 1.6
5 4 5208 38 19.5 ‘1.9
5 5 5208 27 19.0 2.5
5 6 5270 46 18,6 2.5
5 7 5486 34 ‘17,1 2 8
5 8 5486 35 18.2 3.3

‘ 

5 9 5580 29 17.9 2.8
5 10 5610 33 18,1 2.7
5 11 5704 39 18~2 2.0

~~ 5 12 5744 33 18.4 1.7
• 5 ‘13 58-58 39 18,9 1.9

t 5 14 5952 26 ‘18,6 1.5

~~~ 5 15 6076 18 17.9 2.6
5 16 6014 25 % 9~’1 1.8

U
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Table 1 Summary of bottom reflection loss data (Cant’d)
-
~~~~~~~~ Area l

Water Number Bottom Standard
- - Track Station Depth of Loss Deviation

No. 
-— 

No, 
-. 

(ft) Reflections (db) ~b)

6 1 4918 16 21,4 2.0
6 2 5000 25 22,2 2~4

* 
- 6 5124 25 21 .5 2.0

- 6 4 5084 30 21.6 2.4
6 5 4910 34 21.4 1 8
6 6 4960 33 20.9 3,6
6 7 5059 37 21.5 1.9
6 4836 34 20.8 3.2

• - 6 S 4526 34 228 2.6
6 IC 4526 40 21.2 2.2
6 11 4836 26 20,1 2 ,2
6 12 4910 44 19,8 2.8

) 6 13 4876 35 20.3 2.4
6 14 4886 48 20.9 2.2
6 15 4712 - 36 20~7 2.3

Toble 2 Summary of bottom reflection loss data
Area U

Water Number Bottom Standard
— Track $tati~n Depth of Loss Deviation

No No. (if) R.ef!ecflons (db) ~ b)

‘1 1 2654 ‘19 23,3 3.9
- 

- - ‘1 2 3202 28 23.3 2.2
• 1 3 3286 17 22.7 1.9

\ 

1 4 3224 14 20,9 5,0
- 

. 
1 5 3596 12 22.5 2.1
1 6 3720 ‘16 21.5 2.0

- 1 7 2852 3 22.3
1 8 2232 5 24.3 2.1
1 9 1570 11 24,1 2.8
1 10 1466 10 26.2 3.7

- 

‘1 
‘I i  1860 ‘12 23,7 4.4

12
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Table 2 Summary of bottom reflecttcm loss data ~~ont’d)

Area II

Water Nwnber Bottom Standard
Track Station Depth of Loss Deviat ion
No. No. (ft) Reflections 

—
~~ (db) 

- 
(db)

J 

1 12 3016 12 22.6 2.5
1 13 3224 6 20,4 1.8
‘I 14 3100 16 214 2.5
1 15 1736 2 25.1
1 16 1%4 6 25.2 3 4
1 17 2542 6 22e5 5.3
‘I ‘18 3720 2 20.5
1 19 3596 3 21.9
1 23 3720 2 19.5
1 24 3120 2 20.5
1 27 4154 2 23.0
1 28 4526 2 17.2
1 30 4464 3 19,4
‘1 31 4402 8 21,5 1.4

2 1 4464 31 19.2 1.7
U 2 2 4464 35 19.8 3.1

2 3 4504 33 21.0 1,9
- 1 2 4 4494 35 203 4 2

2 5 .4340 32 21.4 2.3
2 6 4489 35 21 .3 ‘1.8
2 7 4464 30 20.5 ‘1.9
2 8 4494 38 20.2 1.6
2 9 4422 32 19,8 1.6
2 10 4402 36 19.2 2.5
2 11 4422 33 19.6 2.2
2 12 4464 43 184 1.7

- -• - 2 ‘13 4154 31 20.5 2.4
- 

- 2 14 4154 32 21.5 2.4
2 15 4008 38 20.7 2.2
2 16 4067 42 20.0 2.4
2 17 3782 42 22.5 1,9
2 ‘18 3626 38 21.0 2.5
2 ic 3596 35 21.4 3.7
2 20 3720 36 21.3 3.1
2 21 4092 45 19.9 3.6

13
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- Table 2 Summary of bottom reflection loss data (Cont’d)

-

~~~~ - 

Area ll

Water Number Bottom Standard
Track Stati on Depth of Loss Deviation
No. No. ~fi) R.flectlcns (db) (db)

- 

2 22 4414 42 19.4 38
- .  2 23 4836 43 18.2 2.8

— - 2 24 4836 39 17,5 2,0
2 25 4811 42 18.3 2.9
2 26 4628 39 194 4.1
2 27 4395 36 20,4 2.3
2 28 4092 32 21 ,2 2.5
2 29 4216 35 21.0 2.7
2 30 4154 37 21.5 2.5

:1 3 ‘1 4464 23 18.1 2.0
- 3 2 4464 33 19.5 2,3

3 4 4464 41 20.5 1.7
3 5 4464 29 19.9 2,2

-~~~~~ 3 6 4464 35 20.4 1.6
3 7 4504 35 20.3 ‘1.9
3 8 4630 44 21.1 2,2
3 9 4556 36 20,7 1.9
3 10 4504 39 20.4 2.3

- 
- 

3 ii 4556 34 ‘19.5 2.4
3 12 4588 31 19,0 2,2

1 3 1~ 4494 34 19.4 2.0
3 14 4628 36 190 2.3
3 15 4588 29 19.1 2.3

-
~~~~~ 3 4628 32 ‘19.0 1,9

- 
•
~ 3 17 4712 34 19.2 2.0

3 18 4680 30 18.3 1.7
-1..- 3 19 4742 34 18.5 2.6

3 20 4712 33 19.2 2,4
3 21 4898 35 ‘19.5 2,4
3 22 4866 36 18.6 2~8
3 23 4960 42 18.8 1.3

4 3 24. 4985 46 19.5 2.0
3 25 4960 44 19.8 2.3
3 26 5022 39 19.7 2,4
3 27 5208 33 18.5 2.1
3 28 5124 24 19.8 304

3 29 5208 26 18.7 3,6

- 14
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Tab le 2 S.n-n~ y of bottom reflection loss -~ (Cont~d)
Area ll

• Water Number o -am Standard
Track .~~c-; Depth of Lois Deviation

- No. No, (ft) Reflections (db) ~b)
4 1 5372 38 19.1 2.1
4 2 5322 36 188 2.8

* 

4 3 5208 34 19.1 1.9
4 4 5208 35 190 ‘1.9
4 5 5166 35 - 2 .3

• 4 6 5084 40 ‘19.2 2 34 4 7 4960 42 ‘18-6 2.4

1 
4 8 4960 35 19.9
4 4960 43 ~i96 2,0

/ 4 10 4928 35 18.9 1.6
4 i i  4712 37 i~ - 7  1,5
4 12 4712 38 18.5 1.9
4 13 4742 40 I8~4 2.1
4 14 4712 34 18.0 L8
4 15 4712 42 17.5 2 .1
4 ‘16 4680 40 18 . 1 2 ,5
4 17 4670 29 18.4 1.8
4 18 4588 40 18- 8 3 -3
4 1’~ 4504 31 19.2 3.8

• 4 20 4526 39 19.9 1 ?

4 21 4494 33 19.3 1 -

4 22 4504 37 19.2
~~ 23 4495 37 19 4 1.8

4 24 4494 39 ‘19 .~ 2~6
I 

‘ 4 25 4504 35 19.3 1. 7
4 26 4504 37 19 2 2.5
4 ~7 4464 38 id. 8 2, 1

j

~ 

4 28 -4464 40 1- -3 1 , 9
• 4 29 4429 40 17.5 2.~

4 30 4.464 40 17,8 2.1
4 4464 23 19.4 L5

I

p

I 
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Tab le 3 Summary of bottom reflect ion ~~
Area III

~ ater Num ber Stand ard
Tr ack Depth of Loss D~viot ion
No. No. (ft) Reflections (db) (db)

1 1 4794 8 20.2 1 .6
1 2 5024 7 19.7 1.5
‘1 3 5208 9 19.5 ‘1.4
‘1 4 5451 9 ‘17,7 2,3
1 5 5535 11 13.1 1.3

L 1 6 5625 17 17,7 1,9
1 7 5602 1! 1~ .8 L.9

• 1  i a 5652 13 ‘18.6 2 ,0
1 5672 15 18, 2 1.7
1 10 5749 ‘12 ‘17.7 L6
‘1 ‘11 5736 1! 18,4 2 7

- ) 1 12 5704 11 18.8 2 2
‘1 ‘13 5697 10 18.7 2 .1

‘1 1 14 5654 ‘13 19 . 4 1 0
1 5716 16 18, 2 1 3

- 
- - -i 1 1~ 5625 13 i ?,,0 1.3

‘1 ‘17 5580 23 18.6 2.6
1 16 5580 16 19 ~ 1.7
I 1)  5649 ‘17 18.3 2 1
I 5625 ‘14 19.1 ‘1.5
I 2 5550 8 18-4 1 .2
1 22 5404 ‘13 19.4 28
1 23 5369 8 4,6
‘1 24 5282 6 ‘19..1 2.2
1 2: 5357 10 19,4 LI

- I  1 5089 3 19.3
1 27 4799 3 19.2

28 4538 5 19.0 2.6
1 29 4432 12 20.2 2.2

• 1 3() 4705 12 20,3 1.9
‘1 31 4910 5 I9-~ 1.5
1 32 4928 ‘13 20,7 1.3
‘1 33 4657 ‘12 ‘187 5.5
1 3-! .  4595 29 20.4 ‘ .8
1 4690 26 20 -3 2 0

16
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Table 3 Summary of bottom refi actlon loss data (Cont’d)
Area III

Water Number 
- 

Bottom Standard
Track St’~ition Depth of ~~~~ Deviation
No. 

—
~~ No-. 

— 
(ft ) Reflection s (do) (db)

2 1 5344 24 19.8 1 6
2 2 5372 28 19.8 1.7
2 3 5399 32 19,3 1.7
2 4 5387 21 19..5 1.7
2 5 5449 25 19.8 1,7
2 6 5496 26 20.0 1.3
2 7 5555 16 20.3 1.3
2 8 5587 17 20.2 1,0

k.: 2 9 5540 26 20,2 1,0
2 10 5630 15 20.0 1.5
2 11 5617 16 20.2 0,8
2 12 5617 7 202 1.0
2 13 5821 12 20.2 1.1
2 14 5828 12 20.2 1 0

j  2 15 5803 16 194 1.5
2 16 5821 28 190 1.7
2 17 5813 25 19.6 1.7
2 18 5835 30 187 1,8
2 19 5878 24 188 1.4
2 20 5910 27 18 .8 1.9

F 2 21 5902 20 19.3 1.4
2 22 5969 24 18.9 1 6

2 23 5994 17 190 1- 6
2 24 5952 14 19.1 ‘1 .1
2 25 5927 17 ‘19.2 1.6

- 

- j 2 26 5952 19 ‘19.7  1.3
- - 

- 2 27 6002 18 19.0 1 . 3
2 28 6014 20 19,2 1 . 4
2 29 6056 19 19. 4 ‘1. 0
2 30 6150 16 19.2  hI
2 31 6101 11 ‘19,1 1,7
2 32 6175 15 17.5 2.6
2 33 6141 24 16 ,9  2.7
2 34 6113 24 17.9 1 .8
2 35 6051 25 18 5  2.0

F - 2 36 5972 22 18.5 1.6

17
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Table 3 Summary of bottom refl ection loe.s data (Cont’d)
Area Ill

• I 

— 

Water Number Bottom Standard
Tm~k - ~~bn Depth of Loss Deviation
No. 

—— 
No, 

- 
(ft) RefIecUc~is (dl,) (db)

J 

6~~47 19 17.2 2..5
3 2 6656 2 16.8

• 3 3 6674 12 17.8 ‘ 1.9
3 4 6537 12 17.8 1 5
3 5 6416 18 ‘17.6 1. 5
3 6 6376 ‘18 17.6 2 .2

4 3 7 6346 19 18,5 1 1
3 6269 14 18.1 2.1
3 9 6205 18 18,4 L 2
3 10 6128 16 19.0 ‘1.3
3 ‘11 6148 20 1 7 9  2 0

- 

- 3 12 6106 26 17.8 1.8
3 13 6056 19 17.9 2 -6
3 14 6002 23 18,7 19
3 ‘15 5937 25 18,8 1.2
3 ‘16 5875 20 19 1 1.7
3 5915 24 18.8 1 - 5
3 18 5878 29 18.5 2.5
3 19 5902 33 18.2 2 ,2
3 20 5868 Ts 18.5 2 , 1
3 21 5840 19 18.5 2, 2
3 22 5806 8 19e8 1.7
3 23 5754 8 18.9 1.6
3 24 5716 24 19 3  1.7
3 25 5684 6 20.2 0,7
3 26 5640 12 201 0,9
3 27 5550 14 20.0 1.0

1--- 3 28 5568 21 19.9 1.3
I 3 29 5538 14 20.1 1.3

3 30 5476 12 19.9 1.4
3 31 5431 24 204 1.4
3 32 5387 24 20.3 1 3
3 33 5364 26 20.0 1 4
3 34 5307 25 20.1 1,4

18
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Table 3 5 umma ry of bottom ref lection toss data (Cont’d)

1’ Area lli

Water Number Bottom Standard
Track Statioo Depth of Loss Deviation
No, No. (ft’) Reflect ions 

____ 

(db) (cib)

~~

: . 4 1 5156 53 19.6 2.1
4 2 5394 37 18.6 2.0 —

4 3 5367 34 180 2 3,3
4 4 5300 36 18.9 2.5
4 5 5332 46 18.2 2.6
4 6 5456 31 19,2 1.4
4 7 5476 28 18,4 2 - 8
4 8 5456 15 19.6 1.0

• 4 9 5610 19 1901 1 M
4 ‘10 5630 6 9.4 1.4
4 11 5610 6 ‘19.1 1. 6
4 12 5610 9 19.3 1.8
4 13 5662 ‘10 19.0 0,9

( 4 14 5580 ‘14 19.2 1.5 —

4 ‘15 5704 12 19, 2 1.4
4 16 571 1 20 18,7 1.7
4 17 5597 20 ‘18.3 2.0
4 18 5518 27 ‘18.8 2 ,2
4 19 5456 24 18,7 1.9
4 20 5243 36 ‘19.1 2 .5
4 2~ 5342 37 18,8 2,0
4 22 5049 36 19,7 2 .3
4 2~- 5307 8 1801 2 ,7
4 24 5096 4 20.3 1.3
4 25 5506 ‘17 ‘18.5 2,4
4 26 6036 11 ‘18.5 1, 4

- - 

4 27 6131 17 17.7 2 ,7
4 28 6478 3 18,7
4 29 6912 6 18,2 1.0
4 30 4825 36 20.6 ‘1.9
4 3; 4545 29 21.2 2 ,4
4 32 4563 11 20.6 2,4
4 33 4645 22 20. 1 3.4
4 34 4561 25 21.9 2 , 1
4 35 4598 28 19,8 3,0

• 4 36 4980 30 20.1 2 3
4 3? 5163 

19 

30 ‘ 19 8  1.1

~~~~~~~~~~~~~ ~~~~ - 
- ---- _______________



— —

The abo~pfloo coefficient was detennined using the Schulkin and Marsh equatIon fo?
obsori-~-ion6 ~~ soefficient used for the entire water column was a we)gh~ed mean
of the coeff k i in~s computed for each of the fourteen s~~~~t~ ~a~-’ers used to define
the typkat terapera~ure and salinity profile for this area ~ Ju~-’.

J 

DISC(JSSIQN

FIgure 7 gIves some indication of the extreme of fluctuat ions in boc rn toss en—
• countered ovm tw~ ’mi1e stations. The c~~so of these fkictuatkns ~c~s ru~ been

defined and w~H no~ be dealt with here , However, It should L-~ tst ied that voriaflans
of the ~c~i~a ~~~~ ~ —v~ i:een observed and possible exp lanat ions discus~€ -~ In the
ana lyses of RE~..WA C ~3tj~j l, 8, Althou gh there was s~ibsi’.;-;~iid vc~rlatiori in the levels
of Individua l ~bservat1ons of StatIon 22 ~a range of 14db) -~-.e ~~

- bottom Joss near~.’
equaled that of StatIon 23 (within 0 6 db) - and the lathar stc~ ion had a stcnd~ -d
deviatkn only ~~~~th li~ as krge,

j That ~-~a ~ean hatto m losses shc’:~ed no great divergences ~~~ s ; ~i~-i to s-~otIon ,
and indeed from area to are a , proved to be the ru le and net the lsokt ed co~nc idence --
Con Iderlr~g th~ 340 stations from all thre e areas~. the ta b!es ikot e the range of
bottom kszns ~-, b . ~-,-om a low of 14, 3 db (Station 6, Rw~ ~ . Area U to a hi~jh of - -

26.2db (StatIon 10; Run 1, Area II). !f fou r data values v~ r~ ~‘ - c ~e’-~ as a tr~~i~num
sample size, ~~~ 1~3 stations of doubtfu l va1~~ wauTc~ be e1Ir.i~r~~eJ and ~he range of
data then wou~d be 16.4db to 26.2 db. The frequency d lbuflQn ~ s c ~jc ims of
FIgure 8 are based cn da ta from stations with f our or more thservcj t) ons ,. Al~-~-iougb
there is same ~aricf ion In the general shape of each histcg ro~n, the me-r~ lasses for
the three areas cc-:-içare favorably (19.1 rib, !9,4 ~~, and 2~) .f ~ db) .

A more meanii- ~fut comparison of ave~s resulted when the stations of Areas I mmci
1! woro combirod ~nto one representative area for the 1010 ~i~-d co~ii~o— -~d to the dat a
of Exi’ma Sound as In ~iguce 9. The two different frequency distrlbuç ic,~ histograms
for the combIn~xI s~ ,t~ons of the TOT O ore presented in this Fi~~re to ~ 4~c&- r ~ e
relat ive effect of ~lope on bottom losses. The tap h stagn~m ~i OT01 ) presents all

- f data, whereas the second histogram (T0102) in~Iudes cr.ly ~~ va lues for stations In
J depths ~~eater than 4000 feet . (This depth was arbitiori l; ch~~en ~n an cctempt to

eilmlncte rnoz~ of ~he area with slopes gi eater than 3 de~:-~~s — ~ n~~1*r , only 25
- 

- stations of the 184 total wore eliminated) . It Is clear that the top h1sto~-jram e~hib1ts
• a much greotcr s~w~idf ng tendency to high loss levels than does the TQTO2 histogram..

This tenden cy resu h .~ direct ly from the fact that the 25 statIons in depths less than
4000 feet had -v relat ivel y hi gh rang e 0f bottom toss values (~ros’~ 20.0 ch to 26. 2 db)
and a mean Irs (22 ,6 db) almost 3 rib greater than that of on ,’ ather ar ea . For com-
parison with Exuma Sound , the TOTO2 histogram prov ides the more rea l istic frequency

20

‘ —~~~~~ ~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘
~

-
~~~~a ________

~~ 

‘i
~~

_ ~~~ ~~~~ ~~~~~~~



F - 
~~~~~~ 

“ ‘
~ 

‘
~~~~ 

. - -• ‘“.‘ — -• -—-- -—-
~ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.‘.‘. - - - . • —. — —

~~ —~--------- _______

-.u~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~-- - •~~~

TIME (MINUTES)
0 5 10 t5 20

30 30

- A. • LEGEND -

• : STATION 22 MEAN LO$$: 19.4db -

o 3000 6000 9000 12000
(PEE -T)

~ TIME (MINUTES) -

0 5 (0 15 W
30 1 I I I I I I I I I I 1 1 i i i 30

- B. -
- STATION 23 - 

-
- RU N 3 -

2 5 -  AR EA U  - 2 5
2 - -
V - V

(0 - - - . - (0

k. 

_ _ _ _ _ _ _ _ _ _ _ _ _

LEGEND -

— I — — — — — M E A N  LOSS:18.edb -

— I STANDARD DEV IATI0I-1~ 1.3db -
_ L_ 

-

10 1 I I I I I I I I
0 3000 6000 9000 12000

DISTANCE (FEET)

FIGURE 7 FLUCTUATIONS IN BOTTOM REFLECTION LOSS
‘4

0~I’i t  21

II

—- - - ~ 
~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~ ~~~~~~~~~~



-‘ ~~~~~ ~~~ ‘~~‘ — -‘,~~~~ ,-— -‘.r ..~~—’— —’ —.--— -~ -•- —• -•- -.-,..-- ——-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~ ~ .LHL J~~~

-;

40 — 40

AR EA t

~ 30 - ~~~~~~-.-. 79 STATIONS - 30 ~MEAN LOSS I9.4 db
o :•:-:-:•:-:-:• u
Z ~~~ ‘,r~ Z‘- w15. 2
O 127 0
LU 101 LU

U.. ‘° — 
6.3 

— 10

- 

25 26 
0

- 

BOTTOM LOSS (db )

40 40

32.4 AR EA

~ 30 105 STATIONS - 30 ~24.8 MEAN LOSS 20.0 db
o I.)
z~~ - - •:-:•:-:-:-:- :•:•:•:-:-:-:-
LU 

.......-..-.. ......--.-.- .- (;- ‘J w(5 .2 :: : : :: :~:0 : : : ~~:- ::::~:::: :::::~:::::• (2.4 0
LU .-.-.-: .~~: .-.~~ .-.-.-. ~~.-.-.- .- .- LU

~~~IO J 6 7  I0~~~
:::::::::::::: ::::::::::::::~~~~.

:.:::~~
:! 3.8 2 9

:•:-:-:-:-:-:- :-:-:-:-:-:-:4:-:~:-:•:-:-:-I~-.-.-.-.-.-.q— -, 0.9 0.9
I :-:-:-:-:•:-: ~ :•:-:•:•:-:-: •:•:~:-:-:-:-: ~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ - o

16 17 18 19 20 2 1 22 23  24 25 26
BOTTOM LOSS (db)

L 
40 

~~~~~~~~ 
- 

40

3 1 2
~ 30 - 

26 1  
13 8 STATION S - 30

A MEAN LOSS 19 I db

- 2O~~

LU :-:-:•:-:-:•:- -:•:-:-:•:•:-: -:-.-:•:-:-~: LU
~~ 10 — ::::::: — 10 ~U- U-

29
t 

( 4  
~~~~~ i o i

O ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I 1 o
~~~ 16 17 18 9 - 2 0  2 1 22  23  24 25 26

• BOTTOM LOSS (db )

FIGURE 8 FREQUENCY DISTRIBUTION HISTOGRAMS
AREAS I, II , AND III

22

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - -.‘--

~~~~~~~~~~~~~~~~~~~~~~~~ -~-~~~A~~~



I - - - -..—
~~
- — —..--- - ---

- - _., — — - -.. ~~~~~~~~~~~~~~~~~~~~~ ~ I••~• I •1I~~ 4 fl L U  II ~ TrTIT iLra1l Triulu uiiiu~-’~’

40 40

TOTO 1 (ALL DEPTHS)
- 

~~ 30 - 272 184 S TATIONS - 30

> 2 1 .2  ~~~~~~~~~~ 

MEAN LOS S (9 .7db

20 - [i
~~ 125 

- 20

~~~I O-  

1 1 6 5  
I0~~~

. j ~ 
_________ ~~~~~~~~~~~~~~~ ___________________________________________________________________

BOTTOM LOSS (db)

4 0—  40

I 31.4 TOTO2 (DEPTHS >4000 ONLY)

~ 30 - :~~:~~ 159 STATION S - 30

> 22.7 
MEAN LOSS 9.2 db

I ~~2 0 -  I - 2 O ~~

~~~~~~l7 16 19 20 2 1  22 23 24 25 26
BOT TOM LOSS (db )

40 
~~~~~~~~ 

40

3 12  EXUMA SOUND
- 4 30 - ::~ 138 STATIONS - 30 ~2 6 1  MEAN LOSS 1 9 1  db

4 ~~2 0 -  - 2 O ~~

~~ I O -  ~~~~~~~~~~~~~~~ - I 0 ~~~

1 0 
4 2 9  

I I I
4 16 Il 18 19 20 2 1 22 23 24 25 26

BOTTOM LOSS (%)

- FIGURE 9 FRE QUENCY DISTRIBUTION HISTOG RAMS
-

~~~~~ 

TOTO , TOTO , AND EXUMA SOUND1 2

23

- r -~ - -



- —
~~~~~~—--- - -. -- -~--- -- ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

t—_ —_—,-—‘_‘__-•- — —  —•-

dIstr ibution as ~-:~ ~ Ii(re area traversed in Exumo Sound w~~ over a simikr !y flat
botto~i ~~~ ~~~~~is alvio>’s ~-r~x~t~r thon 4000 feet~

Figura 1~ 
- - . - ~~~ts the three smoothed frequ ency dfst ,-lbution .~Urves resulting

from drc1v/~rvj -:. :-v segments j oining the mid—points at I-he to~:. ~ -~-~cb column of the
respective hk~~:rams, These curves clearl y ind icate: (I) ~~ higher Toss values over
slopes c o ~~ l th~~ ~~~~~~~ skewness of the T0101 d s.tr butk1~-~, a~d (2) the clo.ar
similarity of 10102, rather than TOTO1, data with the Exuma Sound dCtCD

Ihe cumuk~t~- - e frequ ency distribution curves of Fi gure 11 fmf her emphasize
(2) above by in~~c- ’~ing that full y 95 to 98% of the data of 10102 and Exu~a Sound
fall within a rang-u of l6 to 21 db whereas only 85% of tli ~ T~~TO 1 c~oh.. ore in this
range0 (NOTE: The percentages used here are to indicate onl y rhe simila r ity in
distribuflcr- s ~-n- ~ ace not statistical levels of confidence that ~re~1i-~t the probability

— of occuri ence~ ob~ut a mean)0

Addul i-vna f and mare detailed stctlst ko~ onol~’ses of --he • - ~ ee r~~s r4 data -~-:o~e
‘

1 
performed and are ~-eze~ited In Table 4 where t hey cm be com~~ ed to each o~har
and ~-a normal -~is~

; -i builcn values~ It can be secn fre~i t his tah ’e and from Figure t2~
the campariso~ of ~ e sr ea~hed distribution curv es versu s ~c~-iptited norma l curves,
~ha~ all three sets ~ data do not vary greati y from n norr~xi! str~butlar Exs.~mo
Sound si~ews t~e m~st normal d str bu~1on and TOT O~ ..hows t he greatest deviation
from ncrma in all ~~ one o~ the fourt een statistica l choc~c s~~s UStE~CI r~ Table 4~

In a F -ther a e ~
-
~~: to define r~ -~ effect of hc-~t’~-:~ slope c.-~’ reflection l~~sns In

the 1010 and Exuma ~eur~d con tour charts of bottom l ass were ~re~:c~~~ -~~c~ ore pre
sented in ft ~ur~s 13 cad 14~. Those stc~ions wDh lesS than 4 i-eflectior,s were exc!uded~(ihe bottom loss ~‘c: hj -~s as origina ll y c~ nputed to the nearest O~1 d~i ~~~ p~ofl ed
rathee’ th~n rormc1in~, loss values to t!-~e nearest whale t~~’~er as h~ the sor~lag iri~:
class Intervals in ~~~~~~ ~-~- -~;-isil ca1 ~~~~~

- 
- Although ~he ~1n~ spacing varied fczi~ 5 1!IUes In the TCT~~ to 12 miiel In Exurna

Sound , It was s~iffi cientI y close to determ ine general ~~~~~~~ Specif icall y, :~ coiv

~~~~ 

- tou r pattern in the TC-IO which i’~dlcat~s a definite porc t~el trend c-~ ~ croasinp bolto:r
-A losses with Increasing shore~-ard slopes and , cc~~~~-~- l y, th-~ lack of e~y c’e~L con

tour pattern in Exi~mc! Sound where strong slopes exist hut ~~~ not ~~~ sec~.

An effect was made to corr elate cross—sections of bottom loss cind ha4tom slope
even thoug h r~o r&l~ctic~n lines were run norma l to the h- -~~ c~ of ~‘F-3 s!ope~ The most
recent charts (NAVOCEANO Cha rts 5953 and 5956 oF Febr~ory 1 9~? -m i Afhearn ’s
charts9 of Decembei~ 1960) were used in drawing several i~o~ cross ~~-~-ioris & the
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TOTO~ The n arked Irregularity of Ph. bothymetry of the marg ina l slopes made
specifi c correlations Impassible . (As Atheom observed , gullies nearl y norma l to the
trend of the marginal slopes occur at approx imate ly 1 mile Interva ls and present con
s derobk relief var iation s of up to 100 fathoms between gul lies and ridges), An
approximate increase in loss of 2to 4 db per mile over margina l siopes was measured .

J 
Table 4 Compar Ison of statIsticai characteristics

ioro 10101 2 Exuma

__________________ 
(184 StoiIor~s) (159 Stations) (138 Stat ions) Norma l 

-

Range 16 .4-2 6,2 d b  i6~4 - - 2 2 .8db 16~9-2 L 2 db —
Mode 18 99 18 98 19.04 Some as X
MedIan 19.38 19 13 19.10 Same as X
Mean ~X) 19.68 19~23 19.10
Mean Deviation (MD) 1 35 102 0,71
Standard Deviation (SD) ‘1.71 1.27 0.90

X ±1 SD 71 . 0% 69~.O% 67 0% 68.0%
X ±2 SD 953% 96,0% 97~0% 95 0%

~j J ~ ±3 SD 99,2% 99.7% 99.6% 991%
Variance (SD) 2 2,94 1,61 0.81
MD/SD 0,787 0.791 0.789 0 .798
Coefficient of VarIation 8.7% 66%

~~~x~~0O)

Kurtosis 4.16 2.94 2.77 3 .00
Skewness +0.60 +0,24 +0.11 0.00

NOTE: TOTO - Includes all stat ions1
TOTO2 — Includes only those stations with dept hs >~OO0 feet

\ 

H~~ ever , a mor e definite correlation between bc~tom 105$ and bottom slope t -

• emerged when the area of siopes less than 3 degrees was plotted on the bottom loss
contour chart (the shaded area of F gure ‘13) , InsIde this almost flat area iso—loss
contour vckies seldom exceed 20 db end, in fact , the 3 d~~r~~ ~~~~ limit hard ly
vades outside the 18 to 20 db contour Interval.. Contrasting ly, outside this area,
where skpes average ‘12t o 15 degrees and Increase to 30 degroas before reaching

26
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th. near-vertica l escarpment wall Inside 600 foot depths, the bottom losses Increase- to a maximum mean loss cf 262 db (Station ‘10, Run 1, Area 1$) . Incidentall y, the
S shaped 20-db closure located in the central portion east of Salvador Po4nt appears
to be assockited with on existing rid ge that rises almost 20 fathoms above the sur—
rouncflng topography.. OF the two valleys Flanking Pith rise (and whose axes ore
Indicated by the clash—dot line in Figur. 13) the westemn~ost Is the deeper main

- channel and has side sicpes approaching 3 degrees.

J 

Data repeatob~iity was reasonably good in those few instances where tracks
overlapped each & her , Th. range of differences between eight sets of stations were
from 0.1 db to 1.2 db with on average difference of 0,7db between stat ions .

CONCWSIONS
k
) Tb. separate geographic areas of the 1010 and Exumo Sound exhi bit relatively

- 
- stabie and nearly Identical bottom loss characteristics - If that portion of the TOTO

data obtained over the steeper margina l slopes Is discounte L This is clearly proven
by comparls~n of severa l common statistical measures, I . e. — the mean losses agree

- ‘
; to WIt hin 0.1 db (‘19.1 and 19i), the standard deviations are only 0.4db apart

(0, 9 and 1 ~3), the 95% confidence levels cover essentially the swne range (17 to

r’t 21 db and 17 to 22 db).

- The overall rne’.n  less characteristic of both areas is about ‘ 1 5  db higher than
the reflection loss (‘17.6 db) extrapolated from AMOS curves10 for 12-lcc normal
incidence and corrected by +6 db far single arrivals if the AMOS data were
odlus+.d furt her by app lying the some absorption coefflcIer~t as used in th is report
(Winokur~ lnd cr~ed tin average difference of about 0 ,2 dt~’ky:’- ox ists between
coefficients) than the’ difference between the AMOS reflection lost and that presently
reported would be i.ss than I db.

-- A definite inct-eose in bottom loss was associated with the Increasing marginal
• slopes of the 1010. Although no exact determ ination of i bis effect cou ld be made,

• j an approxim atIon indicates an Increase In losi of 2 to 4 db per mile over slopes
averagIng 12 to 15 degrees and ilttl. or no increase in loss over slopes less than 3

- degr3es.~

A possible indicator that statIstically relates Increasec bøttom loss to Increased
bottom siop. 1~ the measure of right slc.wness of the Frequency dIstrIbutions . These

‘ data show tbo~ above the upper limit of the 95% confidence !~~‘eI (21 db) t her e exists
an approx~ma.e rolatlorship of 1 db increase In lois For each 0. 1 w i t  increase In
skewness.
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