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NORMAL INCIDENCE BOTTOM REFLECTION MEASUREMENTS
IN THE TONGUE OF THE OCEAN AND EXUMA SOUND e

INTRODUCTiION

Boitom refleciion measurements using o 12~k signal of nommal incidence

were cenducted in the Tongue of the Ocean (TOTO) and Exuma Sound in July

through Augusi 1963 by U. S. Naval Ocecnographic Office personnel aboard the
USS PREVAIL (AGS-20). Measurements were made along the tracks indicated in
Figures 1 end 2. In the TOTO an aitempt was made to collect data over all planned
venges in the Atlentic Undersea Test and Evaluation Center (the Sonar and Acoustic
Ranges have been relocated from the areas indicated in Figure 1), in addition to ®
supplementing the existing low frequency data obiained the previous year by
NAVOCEANO!, 2, 3 in the Weapons and Acoustic Ranges.

The TOTO was divided into two areas to facilitate ship operations and to establish
the priority of data requirements in Area | should ship availability not ollow survey=
ing the entire TOTO area.

All ship posiiioning was accomplished by infersecilon frem three or four radar
targeis when passible and with a radar fix and dead reckoning when necessary .
Tracks in the southcm porifon of Area Il could nof be completed to the planned
length as a complete lack of radar targets precluded any positioning.

INSTRUMENTATION

A modified REMPAC Reflectiviiy Measurements in the Pacific) system? as showa
in Figure 3 was employed In mcking the normal incidence reflection loss measure=
ments. Basically, the system consisied of an AN/UQN=1 echo seunder, o finear
recaiver~amplifier, a Bruel and Kjeer (B&K) single channel graphic recorder, and
a low isvel signal generator.

The system had five modes of operation: (1) receive, (2) receiver calibrate,
(3) transmitier caltbrate, (4) recorder calibrate, and (5) standby. Modes (2) and (4)
were used to insure that the system was properly aligned and calibrated 7o receive
and record signals. Mode (3) was to indicate the stability of the transducer line
voltage, but was inoperable due to a lack of compenents in the system.
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FIGURE 2 TRACK LOCATION CHART AREA Il = EXUMA SOUND




Ocean Bottom
Receive Reflectivity | Receiver-Receiver Calibrate
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(10 Millivolts)
FIGURE 3 BLOCK DIAGRAM OF MODIFIED REMPAC SYSTEM

Two ship-mounied transducers were available for use. Both transducers were
checked against o calibrated iransducer lowered over the ship's side while drifting
in deep waters. The transmitiing response of the calibrated tronsducer was 58.2 db//
microbar/volt at 1 meter and the recelving respense wos =70.9 db//voli/microber.
The peak voliage to the transducer as read on an oscillescope was approximately 200
volts (141 volts rins) and the source level of the calibrated transducer was calculated
to be 101.2 db//microbar ot 1 yard. The return signal levels of each of the ship‘s
transducers were nearly identical and only 2 db less than the level measured by the
calibrated irensducer. Therefore, it was assumed the ship’s fransducers had cutput
levels 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 dome=type trans=
ducer mounted nearer midships.

DATA COLLECTION
Tongue of tha Ocean

Botvom reflection measurements were made continucusly while the ship was
moving at six knois. The echo sounder was operated on the 6000 fathom scale and
transmitied a 150 millisecond 12-kc pulse each 30 seconds. Af this speed twenty
pulses were recorded each mile.

Since the depth transducer wes being uttlized continuously no fathogram was
being printed and depths had to be measured directly from the B&K paper record.




To insure thai depths could be read to the desired accuracy of £10 fathoms, the paper *
speed of the B&K recorder was increased from the normal operating speed of 1 milli~ |
meter/second to 10 millimeter/second (see Figure 4A) at least each tenth ping (each
half mile). For o poper speed of 10 millimeters/second a minimum separation of 5
millimeters was raquired between outgoing and return pulses to insure the depth ervor
did not exceed 10% (os limited by on average reading accuracy of +0.25 millimeters).
This facter resivicted the accurate operational depthe to approximately 1200 feet.
Coincidentally, af depths shallower than 1200 feet it become Increasingly difficult

to distinguish beiween iransmiited and received signals at the nermal paper speed.
This minimum depth was exceeded several times on run 1 in both Areas | and Il with

o subsequent loss of usable data.

FPRERIES NPT ¥ SN T

On occasion, the weather conditions contributed to a loss in quantity and quality
of daia obtained. Rough seas (Sea State 3 and greater) raised the background noise
level considerably and caused a marked increase in ship's roll which decreased the
number and/or level of the retum signals. Mast of the retums that were recorded ot
this time were obscured in the beckground noise (ses Figure 48B). 4

Data were collected over six tracks averaging 35 miles sach in Area | and aleng
four tracks averaging 60 miles each in Avea ll. A totel of more than 6600 first bottom
reflections were recorded over the combined areas.

Exuma Saund

Data collection fechniques were the same as those employed in the TOTO
excepi vhat the ship cruised af a speed of elght knotls, thus reducing ihe density
coverage from 20 to 15 pulses per mile. To maintain the desired spacing of accurate
depth recordings each half mile, the B&K paper speed was increased to 10 milli~
meters/second each 7 or 8 pings.

Almost 4000 first bottom refleciions were recorded over the four 75 mile tracks
in Area 1ll.

DATA ANALYSIS

In order to cbialn a commen frame of reference for data analysis each frack was
divided info fwo=miie segments and each segment was assigned a station aumber.
Figures 5 and 6 indicate the breskdown of each track into stations. There were
usuolly three to six occurate depth recordings on the B&K paper tape for each station.
The average value of these readings and o sound velocity of 4960 feet/second were
used in computing the water depth for o station. (The sound velociiy was determined

e o N T, . ™ i el sl 5 =~~~ .~ . Tv.wme.
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from TOTO cceorographic data and Wilson's Tables® and is a weighted mean for a
typical water column in July).

ideally, suach staiion in the TOTO would contain 40 bottom reflection dota
values (30 daia values in Exuma Sound) from which a mean boitom loss could be
determined. Aciuclly, the sample size varied considerably per station at it was
affected by fluctuations in ship's speed=over~ground and the loss of signal retums
due to shaliow depihs, rough seas, bottom slopes, botiom roughness, etc. The
greatest singla factor which reduced the emount of usable data, and thus the sample
size of many sictions, was thai first boitom retums had to be discarded os invalid and
only second rafurns used, The high signal strength of the first botiom retums wos out=
side the linear portion of the amplifier response making the recorded leveals erroneous
and only second boitom refurns could be used in computing bottom losses. The elim=
ination of first relurns resulted in a loss of alimost 25% of the recorded dota (almost
2600 observaiions hod no second refurns). Despite all the limiting focters, a reason=
able sample size was obtained for most stations. The average number of usable second
refleciions per station was 21, 29, ond 18 for Areas i, i1, and HlI, respectively.

In order io focilitate the analysis of the large amount of data {7912 reflections)
a progrem for computing meon boiomn loss per station was wiiiten for an 1BM 7070
digital computer. Since bettom returns were expressed in decibels, the 7070 computer
calculated the antilog of these data values, determined the average absolute value for
each station, and then reconverted this value to decibel notatrion for use in the bottom
loss equation. In cddition to baoitom loss, the standard daviction of botiom retfurns
{(which s fdentical for bottom losses) and the water depth in feet were computed for
each station. The resulis of this program are tabulated seporately for each aren in
Tables 1, 2, and 3.

Mean boitom luss was calculated for ecch station using the following equation:
Boitom Loss = SL~PL+ RR + RG = AS = RC ~ MPP

where, SL = Source Level = 99.1 db/microbar oi 1 yard
PL. = Prepagetion Loss = 20 log 4D + 4aD
D = Water depth in yards
a = Absorpiion coefficient = 1.1 db/kyd
RR  : Recsiving Response = =70.9 db//voii/microbar
RG = Receiver Gain = 80, 90, 94, or 95db
A5 = Agtenuator Setiing = 10, 15, 20, or 25db
RC = Recorder Calibiation (0 db) = =40 db/voit
MPP = Mean Peck Pressure = average dete velue read from B&K record




Toble 1 Summary of bottom reflection loss data

Water Number Botiom
Depth of Loss
(1)) Reflections (db) {db)
1 1 2294 7 24.4 2.8
1 4 1178 11 24.0 5.7
i 5 2696 5 23.9 1.0
i 6 3752 5 21.6 1.6
1 7 4836 15 8.8 3.3
i 8 5372 5 18.0 0.9
1 9 5456 8 18.0 2.3
1 5414 2 19.2
1 5372 2 18.2
i 5208 6 19.4 1.2
i 5208 10 19.6 1.4
i 5146 19 19.3 1.7
i 5148 6 19.8 1.6
2 5146 5 16.6 2.8
2 5208 11 17.9 1.4
2 5240 17 V7.7 1.1
2 5414 24 7.2 2.0
2 5456 i8 18.4 2.0
2 5538 i9 i8.8 N
2 5672 19 18.8 1.3
2 5610 20 18.6 1.6
2 5486 31 i7.1 2.8
2 4752 20 20.0 1.8
2 4504 10 20.4 1.4
2 4340 15 21.0 1.7
2 3968 15 20.6 3.2
- 3833 32 20.0 3.4
3 5022 4 17.9 3.3
3 5456 6 i8.3 4.3
3 5406 3 15.5
3 5744 2 14.3
3 5644 6 20.0
& 5744 5 19.7
3 5431 2 18.8
3 5208 é 20.1




5‘ | Table 1 Summeary of bottom reflection loss daia (Cont'd)
§ Area |
by Water Number Bottom Standard
: Track Station Depth of Loss Deviation
No. No. (") Reflections {db) (db)
3 13 5208 il 8.4 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
1 4 3 5208 34 18.3 2.8
‘ > 4 4 5300 30 18.7 2.4
o 4 5 5424 37 17.8 1.8
i ’ 4 6 5496 26 18.6 1.8
+* 4 7 5672 34 18.3 1.7
&8 4 8 5704 36 17.7 2.4
/ 4 9 5704 25 i7.2 17
4 10 5858 38 16.4 2.0
4 11 6106 35 17.2 2.3
i 4 12 6262 21 18.0 1.2
B 4 13 6423 29 7.9 2.0
£ 14 6572 30 17.9 2.0
4 15 6602 27 7.1 1.9
S i 5084 24 18.3 3.0
5 2 5208 25 18.7 2.5
S 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 7.1 2.8
3 8 5486 35 18.2 3.3
5 9 5580 29 17.9 2.8
5 10 5610 33 18.1 .7
5 1 5704 39 8.2 2.0
3 12 5744 33 18.4 1.7
5 13 5858 39 18.9 1.9
5 14 5952 26 18.6 1.5
5 15 6076 i8 7.9 2.6
5 16 6014 25 19.1 1.8

B = < . .
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Table 1

Summary of bottom reflection loss date (Cont'd}

Area |
Water Number Boitom Standord
Track Station Depth of Loss Deviation
No. Ne. {f) Raflections {db) (db)
6 i 4918 16 21.4 2.0
6 2 5000 25 22.2 2.4
é 3 5124 25 21.5 2.0
6 4 5084 30 21.6 2.4
é6 5 4910 34 21 .4 1.8
6 é 4960 33 20.9 3.6
6 7 5059 37 21.5 1.9
6 & 4836 34 20.8 3.2
6 9 4526 34 22.8 2.6
6 10 4526 40 21.2 2.2
6 1 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 43 20.9 2.2
é 15 4712 L 20.7 2.3
Toble 2 Summeary of bottom reflection loss data
Area 1}
Water Number Bottem Standard
Track Station Depth of Loss Deviation
No. No. (&) Reflections (db) (db)
1 i 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 3.0
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 1 24,1 2.8
i i0 1466 10 26,2 3.7
1 n 1860 12 23.7 4.4
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Table 2 Summeary of botiom reflection foss dota (Cont'd)

- Area 1|
; Water Number Boitom Standard ]
f, Track Stution Depth of Loss Deviation -
] No. No. (%) Reflections (¢b) (db) |
i 12 3016 12 22.6 2.5
1 13 3224 é 20.4 1.8
1 14 3100 16 21.4 2.5
1 15 1736 2 25.1
1 16 1984 6 25.2 3.4
1 17 2542 6 22.5 5.3
i 18 3720 2 20.5
1 19 3596 3 21.9
i 23 3720 2 19.5
i 24 3720 2 20.5
1 27 4154 2 23.0
i 28 4526 2 17.2
i 30 4464 3 19.4
1 31 4402 8 2L 1.4
2 1 4464 31 19.2 ; % 4
2 2 4464 35 19.8 3.1
2 3 4504 33 21.0 1.9
2 4 4494 35 20.3 4.2
2 5 4340 32 21.4 2.3
2 & 4489 35 21.3 1.8
2 7 Ad464 30 20.5 1.9
2 g 4494 38 20.2 1.6
2 Q 4422 32 §19.8 1.6
2 1¢ 4402 36 19.2 &9
2 11 4422 33 19.6 2.2
2 iz 4464 43 18.4 1.7
2 i3 4154 31 20.5 2.4
2 14 4154 32 2.5 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 i 3596 35 21.4 3.7
2 20 3720 36 21.3 3.1
2 21 4092 45 19.9 3.6




Toble 2 Summary of botiom reflection loss data {(Coni'd)

Area Il
Water Number Boitom Standard
Track Station Depth of Loss Deviation
Ne. Neo. (Fv) Reflections (db) (db)
2 22 4414 42 19.4 3.8
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 19.4 4.1
2 27 4395 36 20.4 2,3
2 28 4092 32 .2 2.5
2 29 4216 35 21.0 .7
2 30 4154 37 21.5 2,5
3 i 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 A 2,2
3 9 4556 36 20.7 1.9
3 10 4504 39 20.4 2,3
3 11 4556 34 19.5 2.4
3 12 4588 31 19.0 4
3 13 4494 34 19.4 2.0
3 14 4628 36 19.0 2.3
3 15 4588 29 19.1 2.3
3 16 4628 32 19.0 1.9
3 17 4N2 34 19.2 2.0
3 i8 4680 30 8.3 1.7
3 i9 4742 34 18.5 2.5
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 8.8 1.3
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 8.5 2.1
3 8 5124 24 19.8 3.4
3 29 5208 26 18.7 3.6




? ! Table 2 Summory of boitom reflection loss dote (Cont'd)
E Asea i}
iy Water Number Boitom Standard
| Track Station Depth of Loss Deviction
| No. No. () Reflections {db) (db)
4 1 5372 38 19.1 2,1
4 2 5322 36 6.8 2.8
4 3 5208 34 i9.1 1.9
4 4 5208 35 19.0 1.2
4 5 5166 35 8.9 2.3
4 6 5084 40 19.2 2.3
> 4 7 4950 42 18.6 2.4
k. 4 g 4960 35 i9.9 1.8
- 4 9 4940 43 19.6 2.0
4 il 4928 35 8.9 1.6 3
& 4 i1 N2 37 i8.7 1.5 3
i3 4 12 4N2 38 18.5 | |
3 4 13 4742 40 18.4 2.1 | ]
] 4 14 4712 34 18.0 1.8 | &
4 15 4N2 42 17.5 2.1 e
A8 4 16 4680 40 18.1 2.5 i |
4 4 i7 4670 29 18.4 1.8 E
] 4 18 4588 40 18.8 3.3 |
. 4 19 4504 31 19.2 3.8 |
2 4 20 4526 39 19.9 1.7 ;
] 4 21 4494 33 19.3 1.7
4 22 4504 37 i9.2 1.Y
. 4 23 A495 37 19.4 1.8
b 4 24 4494 39 9.3 2.6
# 4 25 4504 35 19.3 1.7 4
4 4 2% 4504 a7 i9.2 2.5 ]
| 4 277 4464 38 1.8 2.1 4
4 28 4464 40 17.3 | 1
4 29 4429 40 17.5 2.6
4 30 4464 40 17.8 2.1
4 31 4464 23 19.4 1.5




Table 3 Summary of boitom reflection lois dara

Arec 11} ;
Water Number Botiom Standard |
Track Stotion Depth of Loss Dsviotion |
No. No. (ft) Reflections {db) {db) |
|
i 1 4794 8 20.2 1.6 |
1 2 5024 7 19.7 1.5 |
1 3 5208 g 19.5 1.4 f
1 4 5451 9 17.7 3.3
1 5 5535 1 18.1 1.3
i b 5625 17 17.7 1.9
1 7 5602 B! 18.8 1.9
] 8 5652 i3 18.6 2.0
] 9 5672 15 18,2 1.7
i 10 5749 12 17.7 1.6
1 11 5736 i 18.4 2.7
[ 12 5704 1 18.8 5.2 ;
] 13 5697 10 8.7 2.1 i
1 14 5654 13 19.4 1.0 | 8
1 15 5716 16 8.2 1.3 {4
i 16 5625 13 12,0 1.3 { 4
i 17 5580 23 18.6 2.6 ]
1 18 5580 16 19.0 %
i 19 5649 V7 18.3 2.1
1 20 5625 14 19.1 1.5
1 21 5550 8 18.4 1.2
1 22 5404 13 19.4 2.8
1 23 5369 8 19.8 .6
1 24 5282 6 19.1 2.2
i 25 5357 10 19.4 i.1
1 26 5089 3 19.3 ,
1 27 4799 3 19.2 <
1 28 4538 5 19.0 2.6 ;
1 20 4432 12 20.2 2.2 b
] 30 4705 12 20,2 1.9
! 1 4910 5 19.8 1.5 |4
i 32 4928 13 20,7 1.3 E
1 33 4657 12 18,7 5.5 B
1 34 4595 29 20.4 1.8
1 35 4690 26 20.3 2.0




| Table 3 Summeary of bottem reflaction loss data (Cont'd)

Ei’ g Area 11l
& Water Number Bottor Standard
i Track Station Depth of Loss Deviation
: No. Neo. (f) Reflections (db) (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 3.7
2 s 5496 26 20.0 1.3
2 7 5555 16 20.3 1.3
2 8 5587 17 20.2 1.0
2 9 5540 26 20.2 1.0
2 10 5630 15 20,0 1.5
2 1 5617 16 20.2 0.8
2 12 5617 7 20.2 1.0
2 13 5821 12 20.2 1.1
2 14 5828 12 20.2 1.0
2 15 5803 16 19.4 i.5
2 16 5821 28 19.0 1.7 :
2 17 5813 25 19.6 1.7 :
2 18 5835 30 18.7 1.8 '
2 19 5878 24 18.8 1.4
2 20 5910 27 18.8 1.9
; 2 21 5902 20 19.3 1.4 )
g 2 22 5969 24 18.9 1.6 |
2 23 5994 17 19.0 1.6
2 24 5952 4 19.1 1.1 !
2 25 5927 17 19.2 1.6
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 1.1
3 31 6101 " 19.1 5y
2 32 8175 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
2 36 5972 22 18.5 1.6




§
8 | Table 3 Summary of bottom reflection loss detn (Cont'd)
? Area il
= Water Number Botiom Standard
: Trock Siction Depth of Loss Deviation
No. No. (i) Reflecticas {db) {db)
3 ] 8547 19 7.2 2.5
3 2 6656 2 16.8 |
3 3 6674 12 17.8 1.9 1
3 4 6537 12 17.8 1.5 |
3 5 6416 18 7.6 1.3 ;
3 é 6376 18 17.6 2.2 3
3 74 6346 {9 18.5 1.1 ‘
3 & 6269 4 18.1 « 3 |
& 3 9 6205 18 18.4 1.2
k4 3 10 6128 16 19.0 1.3
3 11 6148 20 17.9 2.0 :
7*, 3 12 6106 26 17.8 i.8 §
3 13 6056 19 17.9 2.6 :
3 14 46002 23 8.7 1.9 i
3 15 5937 25 18.8 1.2 i
3 16 5875 20 19.1 3.7
3 17 5915 24 18.8 1.5
3 18 5878 29 18.5 2.5
3 i¢ 5902 33 8.2 - 5
3 20 5868 2i 18.5 2.1
3 21 5840 19 18.5 : B |
3 22 5806 8 19.8 Y
3 23 5754 8 18.9 1.6
) 3 24 5716 24 19.3 B
r 3 25 5684 6 20.2 0.7
3 26 5640 12 20.1 0.9
3 27 5550 14 20.0 1.0
3 28 5568 21 19.9 1.3
3 29 5538 14 20.1 1.3
3 30 5476 12 19.9 1.4
3 31 543) 24 20.4 1.4
3 32 5387 24 20.3 1.3
3 3 5364 26 20.0 1.4
3 34 5307 25 20.1 1.4
18




Table 3 Summary of bottom reflection loss date (Cont'd)

Area 11}
Water Number Bottem Standard
Track Station Depth of Loss Deviation
No. No. (®) Reflections {db) (db)
4 1 5156 53 19.6 2.1
4 2 5394 37 18.6 2.0
4 3 5367 34 18.2 3.3
4 4 5300 36 18.9 2.5
4 5 5332 46 18.2 2.6
4 é 5456 31 19.2 1.4
4 7 5476 28 18.4 2.8
4 8 5456 15 19.6 1.0
4 b4 5610 19 19.1 1.8
4 10 5630 6 i19.4 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 5711 20 i8.7 1.7
4 17 5597 20 18,3 2.0
4 ig 5518 27 i8.8 -
4 19 5456 24 18.7 1.9
4 20 5243 36 19.1 2.5
4 23 5342 37 18.8 2,0
4 2 5049 36 19.7 2.3
4 3 5307 8 8.1 2,7
4 24 5096 4 20.3 1.3
4 25 5506 17 8.5 2.4
4 26 4036 1 18.5 1.4
4 27 6131 17 17.7 2.7
4 p 6478 3 18.7
4 29 6912 é 8.2 1.0
4 30 4825 36 20.6 1.9
4 3t 4545 29 21,2 2.4
4 32 4563 11 20.6 2,4
4 a3 4645 22 20.1 3.4
4 34 4561 25 21.9 2,1
4 35 4598 28 19.8 3.0
4 26 4980 30 20.1 2.3
4 37 5163 30 19.8 1.7




The abseiption coefficient was determined using the Schulkin and Marsh equation for
absoipiion®. The coefficient used for the entlre water column was o welghted mean
of the coefficianis computed for each of the fourteen separate layers used to define
the typical femparature and salinity profile for this area In July,

DISCUSSION

Figure 7 gives some Indication of the exdreme of fluchuations in botiom loss en=
ceuntered over fwormile stotions. The cause of these fluctuations hos not been
defined and wiil not be dealt with here. However, It sheuld be neted that varlations
of the tame orler hove been observed ond possible explenations discussed in the
analyses of REMPAC data’e 8, Although there wos substantic! variation in the levels
of individue! chsarvations of Station 22 (o range of 14 db) the meon hoitom lass neorly
equaled thot of Statien 23 (within 0.6 db) = ond the latier siation hed o standard
deviction only one=third as lerge.

That the meon boviom losses showed no great divergences from stalion to siatien,
ond Indeed from area to crea, proved to be the rule and noi the isolated colncidence .
Considering the 340 siafions from all three areas, the tables Indlccte the range of
bottom: lossas 1o be from a low of 14.3 db (Steilen 6, Run 3, Area 1) to a high of
26.2 db (Stotlon 10, Run ¥, Area t1). If four data values wers selected as o minimum
sample size, then 18 stations of doultful volue would be eliminated und rhe range of
data then would be 16.4 db 10 26.2 db. The fracquency distribution histograms of
Figure 8 are based cn data from stations with four ar more observesiens. Although
there is some variction in the geneval shape of each histegram, the mean losses for
the three areas compare faverably (19.1 db, 19.4 db, and 23.0 db).

A more meeningful comparisen of areas resulted when the stations of Areas | end
! wore comblsed into one representetive area for the TOTO and compurad to the datc
of Bxume Seund as in Figure 9. The two different fraguency distribution histograms
for the combinad sietions of the TOTO are presenied in this figure fo indicate the
relative effect of clope on boitom iosses. The fep histogram (TOTO4) presents all
data, whereas the sacond histogram (TOTO,) includes only the values for stations in
depths greater then 4000 feet. (This depth was arbitrarily chasen in an oitempt to
elimincte most of the arao with slopes greater than 3 degraas = in number, only 25
stations of the 184 total were eliminated). It Is clsor that the fop histegram exhibifs
a much grecter spraading tendency to high loss levels than doss the TOTO, histogram.
This tendency resuiis directly from the fact that the 25 stations in depths less than
4000 feet hed a relatively high ronge of bottom loss valuas (from 20.0 db to 26.2 db)
and a mean loss (22,6 cb) almost 3 db greater than that of any cther area, For com=
parison with Exuma Sound, the TOTO, histogram provides the more realistic frsquency




E >

LOSS (db)

BOTTOM

BOTTOM LOSS (db)

30

25

20

30

25

20

1S

TIME (MINUTES)

0 5 10 15 20

llrlllllllllllllTIlf_Jso
~ A. LEGEND =
= — —— — MEAN LOSS:=19.4db —
= STATION 22 STANDARD DEVIATION:= 3.8 db

RUN 2 -
~ AREA IT 5
3 R
= v -
o -
P s
- 15
— -

1 ST R NG (N AL AR et A IR 2
o 3000 6000 9000 12000

DISTANCE (FEET)
TIME (MINUTES) -

) 5 (0 (5 20
W05 1858 R g W 0P 0OF 29 2o T B R U U 090 % TR N O TR T e
~ 8. )
~ STATION 23 E
~ RUN 3 5
~ AREA II T s
— -
- —120
E -
B 15
B LEGEND j
. | ———— MEAN LOSS=18.8db -
L | STANDARD DEVIATION= |.3db -
Tl PR TR V80 S DU o) ot (AR e - WAL IS PR
(o] 3000 6000 9000 12000

DISTANCE (FEET)

FIGURE 7 FLUCTUATIONS IN BOTTOM REFLECTION LOSS

BOTTOM LOSS (db)

BOTTOM LOSS (db)

ik

Lo i e g




g

FREQUENCY (%)

FREQUENCY (%)

FREQUENCY (%)

30

20

40

30

20

H
(@]

()
o

n
o

o

AREA T
- 204 79 STATIONS —
: MEAN LOSS 19.4 db
1.3 -
.......... R SOSOOB O 5 5 e X AR SOOOOERR 1
16 7 I8 19 21 2o D% 28 25 28
: BOTTOM LOSS (db)
324 AREA IT
“ : 105 STATIONS -
MEAN LOSS 20.0 db
F —
P et
0.9
| :
16 17 18 IS RO 2 2 23 . 24 285 26
BOTTOM LOSS (db)
ST
Lottt AREA TIT
}. 138 STATIONS -4

MEAN LOSS 19.1 db

| 1 . N

16 17 18 19 « 20 21 A 24 25 26
BOTTOM LOSS (db)

FIGURE 8 FREQUENCY DISTRIBUTION HISTOGRAMS
AREAS I, 1l, AND Il

22

30

20

40

30

20

40

30

20

FREQUENCY (%) FREQUENCY (%)

FREQUENCY (%)




TOTO, (ALL DEPTHS)
$30 |- 272 184 STATIONS —430%
o MEAN LOSS 19.7 db i
(S O
Z 20 - 20 2
w W
= 2
O (&
@ 10 0 @
w W
. M, W0 .cun. . B .. W 'e®e 0
7R S 9 20 21 2% 23 24 2% 26
BOTTOM LOSS (db)
40 40 |
' :
31.4 TOTO, (DEPTHS >4000 ONLY)
L 30 RRRERR 159 STATIONS ~430%
= MEAN LOSS (92 db s
= 2
Z20 - —H202
= =
2 :
= o 4o |8
0.6 f 2 ) N 5
e L T 920 24 22 23 28 28 .26
BOTTOM LOSS (db)
40 37.7 40
e EXUMA SOUND
$30 : 138 STATIONS 1308
el e : MEAN LOSS 19.1 db o
2 2
<20 |- <203
=, -
(¢ o
: &
& §0 - 410 &
0 p-rr'r-:-:--u SR ) St (Rt ML 1 | 1 o
| SRR L R SR e 2¢. 2 23 84 3% 26
BOTTOM LOSS (%)
FIGURE 9 FREQUENCY DISTRIBUTION HISTOGRAMS
AND EXUMA SOUND

TOTO] ' TOTOz,

- 23

~/3-4¢

e

e ot R



distribution as the entire area troversed in Exumo Scund was over a similerly flot
bottom in depths alvays greater than 4000 feet.

Figura 10 presenis the three smocthed frequency disiribution curves resulting
from drawing [ina segments joining the mid=points af the top of scch column of the
respective histogroms. These curves clearly indicate: (1) the higher loss values over
slopes increased the right skewness of the TOTOy disivibution, and (2) the closer
similority of TOTOy, rather than TOTOy, dafa with the Exume Sound data.

The cumuiciive frequency distribution curves of Figura 11 fuither emphasize
(2) above by indicaiing that fully 95 to 98% of the data of TOTO; end Exuma Sound
fall within @ range of 16 to 21 db whereos only 85% of the TOTOy data are in this
range. (NOTE: The percentages used here are fo indicete only the similerity in
distributions ond are not statistleal lavels of confldence that predict the probability
of oceurrences about a mean).

Additional and more detalled siatistical analyses of the thiee sefs of dota were
performed and are presented In Table 4 where they can be campared to each other
and to normal distribuilon values. It con be seen from this table and from Figure 12,
the comparisen of the smoothed distribution curves versus computed normal curves,
that all three sais of dota do not vory greatly from o normal disiributien. Bxuma
Sound shows the mast normal distribution and TOTOy shows the grectest deviation
from normal In all but ene of the fourteen statistical characteristics listed in Table 4.

In @ further aitempt to define the effect of bottom slope on reflaction losses in
the TOTO and Exuma Seurd contour chaits of bettom loss were prepared and are pre~
sented In Figures 13 ond 14, Those stations with less than 4 refleciions were excluded.
[The bottom loss valuss as originally computed to the necrest 0.1 db were plotied
rather than rounding loss values to the nearest whole integer as done in the sorting infe
class Intervals in the statisiicol analyses).

Although the lina spacing varied from 5 miles in the TOTO to 12 miles In Exuma
Sound, it was sufficiently close to determine general patiarns. Specifically, © con=
tour pattern in the TOTO which indicates o definite parcilel irend of increasing bottom
losses with Increosing shoreward slopas ond, convarsely, the lack of any definite con~
tour patiern in Exuma Sound where sirong slopes exist but were nat traversed.

An effort was made to carvelate cross=sections of bettom loss and boitom slope
even theugh no reflection lines were vun nomal to the trend of the slope. The maost
recent_choris (INAVOCEANQ Charts 5953 and 5956 of February 1962 and Atheam's
charts? of Decamber 1960) were used in drawling severcl botiom cross sectlons of the
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TOTO. The marked Irregularity of the bathymetry of the marginal slopes made
specific correlotions impossible. (As Athearn observed, gullies nearly normal to the
trend of the marginal slopes occur at appreximately 1 mile intervals and present con=
siderabla relief varictlons of up to 100 fathoms between gullies ond ridges). An
approximate increass in loss of 2 10 4 db per mile over marginal slopes was measured .

!
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Table 4 Comparison of statistical characteristics

P Y R vy

TOTO TOTO 2
1 2 Exuma
{184 Starions) (159 Staiions) (138 Stations)  Normal
‘ Range 16.4-26.2db 16.4-22.8db 16.9=~21.2db £ ‘5
Mode 18.99 18.98 19.04 Same as X :
, Median_ 19.38 19.13 19,10 Same as X
: Mean {X) 19.68 19.23 19.10
f Mean Deviction (MD) 1.35 1.02 0.71 -
- Standard Deviation (SD) 1.71 1.27 0.90 E
J X +1 5D 71.0% 69.0% 67.0% 68 .0%
X 2 5D 95.0% 96.0% 97.0% 95.0%
X £3 SD 99.2% 99.7% 990.6% 99.7%
Variance (SD)2 2,94 1.61 0.81
MD/SD 0.787 0.791 0.789 0.798
Coefficient of Variation 8.7% 6.6% 4.7%
%— x 100)
Kurtosis 4.16 2.94 2.77 3.00
Skevmass +0.60 +0,24 +0.11 0.00
:
NOTE: TOTO‘ - Includes all starlons
- 4 TOT02 = Includes only those stations with depths > 4000 feet
However, a moras definite correlotion betwesn baitom foss and boitom slope
emerged when the area of slopes less than 3 degraes was plotted on the bottom loss
contour char? (Phe shaded area of Figure 13). Inside this aimost flot area Iso~loss
contaur volues saidom exceaed 20 db cnd, In fact, the 3 degres area limit hardly

varies outside the 18 to 20 db contour interval, Cenivastingly, outside this area,
where siopes average 12 to 15 degrees and increuse to 30 degrees before reaching
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the near~vertical escarpment wall inside 600 foot depths, the bottom losses increcse
to a maximum mean loss of 26.2 db (Station 10, Run 1, Area il). Incidentally, the
S=shaped 20=cb closure located in the central portion east of Salvador Point appeors
to be associated with an existing ridge that rises almost 20 fathoms abave the sur-
rounding topography. Of the two valleys flonking this rise (and whose axes are
indicated by the dash-det fine In Figure 13) the westemmost Is the desper main
chonnel ond has side slopes approoching 3 degrees.

Data repeatability was reasonably good in those few instances where tracks
overlapped each other. The minge of diffserences between =ight sets of siations were
from 0.1 db to 1.2 db with an average difference of 0.7 db between sictions,

CONCLUSIONS

The separate geographic areas of the TOTO and Exuma Sound exhibit relatively
stable and nearly identical bottom loss characteristics = If that portion of the TOTO
data cbtained over the steeper marginal slopes Is discounted. This is clearly proven
by comparison of several commen statistical meosures, i.e. = the meon losses agree
to within 0.1 db (19.1 and 19.2), the standard deviations are only 0.4 db apart
{0.9 and 1.3), the 95% confidence lavels cover essentially the same range (17 to
21 db and 17 %0 22 db).

The overall meon less characteristic of both areas is about 1.5 db higher than
the reflection loss {17.6 db) exirapolated from AMOS curves'C for 12-ke normal
incidence and corrected by +6 db for single arrivals. 1f the AMOS daic were
adjusted further by applying the soma absorption coefficient as used in this report
(Wim:km8 indiccred an average difference of about 0.2 db/kyd exists between
coefficients) then the difference between the AMOS reflection losc ond thot presently
reported would be iess thon 1 db.

A definite increase in bortom loss was associated with the Increasing margina!
slopes of the TOTO. Although no exact determination of this affect could be made,
an approximation indicates an increase in loss of 2 to 4 db per mile over slopes
averaging 12 to 15 degrees and little or no Increase in loss over sloges less than 3
degroes.

A passible indicator that statistically relates increasec bottom loss to Increased
bottom slope It *he measure of right skewness of the frequency distributions. These
data show tha' above the upper limit of the 95% confidencs level (21 db) there exists
an approximai e ralationship of 1 db Increass in loss for each U 1 unit increase in
skewness. 3
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