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ABSTRACT

Normal incidence 12-kc bottom reflection loss measurements were made from the
USS PREVAIL (AGS=20) at 15 stations in an area extending from 32°00' to 34°00'N
and 71°00' to 73°00'W. The area lies along the northwestern edge of the Hatteras
Abyssal Plain, These measurements were made with an AN/UQN-1 echo sounder ond
the REMPAC reflectivity system. Mean values of bottom reflection loss, computed
for each station, ranged from a low of 14 db to o high of 26 db. The mean reflection

loss for the area was 19.9 db, The possibility of using a three~layer model to explain
and predict bottom reflection loss was investigated.
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UNGLASSIEIED

NORMAL iNCIDENCE BOTTOM REFLECTION MEASUREMENTS
IN ATLANTIC AREA C-1

INTRODUCTION

Normal incidence 12-kc bottom reflection loss measurements were made aboard
the USS PREVAIL (AGS-20) with an AN/UQN=1 depth sounder and the REMPAC /2
reflectivity system during March 1963.

A calibrated towed transducer was used in conjunction with the depth sounder
at 11 of the 15 stations. The ship's hull transducer was used on the remaining 4
stations. [t became necessary to switch to the hull transducer when the towed trans-
ducer became inoperative during rough seas. As a safeguard against such a mishap
and since it was not possible to actually calibrate the hull transducer, comparative
reflection loss measurements were made with the calibrated towed transducer and

the huil transducer. These measurements, made in selected areas, showed the reflec-

tion loss values obtalned with the hull transducer to average 5.3 db less than the

losses obtained with the towed transducer. |t was therefore assumed that the transmit-
ting response and the receiving response of the hull transducer differed from the towed

transducer by this amount.

INSTRUMENTATION

The depth sounder operated on the 6,000~fathom scale and transmitted a 150~
millisecond pulse every 30 :econds. The transmitting response of the towed trans-
ducer was 60.1 db/ /microbar/volt at 1 meter, and the receiving response was =70
db/ /volt/microbar. The beam width of the towed transducer was 60 degrees at the
10-db down points. The rms voltage to the towed transducer was 120 volts, and the
source level was 101.7 db//microbar at 1 yard.

DATA COLLECTION AND ANALYSIS

A reflection loss measurement was made every 30 seconds during a 15-minute
period at each of the 15 stations shown In Figure 1. The measurements were made
while the ship was on station and subject to local drift conditions. The mean and
standard deviation of bottom reflection loss for each station are presented in Table 1.
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FIGURE 1 BOTTOM REFLECTION LOSS (db)

Bottom loss, based on the absolute calibration, was determined from the following
equation: Mean Reflection Loss = Source Level = Propagation Loss + Receiving Response
+ Receiver Galn - Recorder Calibration ~ Mean Peak Pressure, where

Source Level = 101.7 db//microbar at 1 yard,
Propagation Loss = 20 log 2D + 2aD,
Receiving Response = =70 db/ /1 volt/microbar,
Receiver Goin = 80 db,

Recorder Calibration (0 db) = =40 db// 1 volt,
Peck Pressure = read from the record,

D = depth In yards, and

a = absorption coefficient = 1.1 db/kyd.
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Table 1 Summary of reflection loss data

Stotion Llotitude Longitude Depth No. of Mean Loss  Standard
No. (N) (W) (fothoms)  Reflections (db) Dev. (db)
1 33°07' 73°06' 2760 24 15.6 3.6
2 3w 72°54' 2745 28 17.2 4.2
3 33°06 7215 2800 27 23.3 4,2
4 33°05' 71°49" 2880 13 17.6 6.2
5 32°41° 71°48' 2850 25 20.9 uss
6 32°36' ¥l b 2825 26 2.9 3.0
7 32°40' 73T 2800 25 26.0 3.5
8 32°3¢% 73°03' 2760 34 22,1 1.9
9 32°16' 71°53' 2840 28 20.6 4,9
10 gl Fat i3 2800 27 2Y .7 7.6
1 J2°18’ 72°42' 2820 19 21.3 3.9
1% 34°04 71°30" 2710 26 19.6 3.5
13 33°5% 70°59 280 26 16.5 2.6
14 33°40' 71 200" 2.40 27 14.0 2.7
'35 33738 2y 2305 19 14.0 2.9

The reflection loss measurements were adjusted for attenuator settings and corrected

for background noise when rnecessary. The average absorption coefficient for the water
column was determined from the Marsh and Schulkin3: 4 equation for absorption. The
data have been adjusted for several sources of error2. These errors result from the pre=
sence of nonspecular or scattered sound, tilting of the sound cone of the hull trans=
ducer due to ship motion, and deviation of the sounding velocity of 4800 ft/sec from
the true mean velocity in the water column,

DISCUSSION

Mean reflection losses range frori a low of 14 db at Stations 14 and 15 in the north=
east to a high of 26 db at Station 7 in the southwest section of the area. The overall
mean reflection loss for the area is 19.9 db. In general, the losses encountered in
the northern section of the area tend to be about 4 db less than the losses in the
southern half of the area (Fig 1).

Figure 2 illustrates fluctuations in reflection loss encountered during a 13=minute
period at Stations 5 and 13. Figure 3 is a frequency distribution of reflection loss for
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BOTTOM REFLECTION LOSS (db)

CONFIDENTIAL

the entii. urea. While the fluctuations appear to be typical of the area, It Is not
known if they result soley from varlations in the bottom or to what extent bottom
scattering, internal fluctuations in the sound field, and pulse=by~pulse variations
in the UQN sounding systems affect the measurements. The presence of these fluc=
tuations, in this and other areas?:6 emphasizes the reason for averaging reflection

loss measurements. The discussion below Is a possible explanation for the fluctua=
tions based on bottom variations.
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This area, as illustrated by the POR echogroms, is a region of relatively flat or
gently sloping topography with no significant relief. The area, as indicated by
Heezen et al/, lies along the northwestern edge of the Hatteras Abyssal Plain and
is bordered on the west by the Lower Continental Rise Hills. The average water
depth is about 2800 fathoris and the orea siopes southeast.

it is believed that the smooth topography of the deep ocean basins or abyssal
plains is a direct result of turbidity current deposition., Supporting evidence for the
turbidity current theory of deposition ic found in the presence of sand and silt layers
in cored sediments8:? taken in abyssal plain regions and in the numerous sub=bottom
reflectors encountered during seismic reflection surveys!Q as well as on PDR records! !,
in general, sub=bottom reflections in abyssal plain areas are not continuous and may
disappear in relatively short distances. However, the presence of these reflectors
appears to indicate loyers of increased rigidity ! and possible layers of coarse material
such as sand and silt.

’

The source of turbidity current sediments in this area is the Cape Hatteras region
to the north or possibly the Hudson Canyon. Cores taken near Statjons 12 and 15
show well sorted sand and silt layers separated by brown and gray cloy‘o. One sand
layer was 58 cm thick.

it is possible to present a piausible three-layer model for investigating the effects
of sediment layering on bottom reflectivity. The expression for the amplitude reflec~-
tion coefficient was derived by Brekhovskikh!2 and is presented below. For the
purposes of this report, only normal incidence will be considered. The amplitude
reflection coefficient is given by

_V23+Viz exp(2ikpd cos 7,)
I+ Vo3V, exp (2ik2d cos 72)

which can be written

V_(V23+ch) +i(Viz=Va3) tan(kpd cos 7,)
(1+Vo3Vio) +i(VazVip-t)tan(kyd cos 7,)

where
V. =Zz-23 H =———-P2 Ca B =———P3(:3 ’
€3 Zo+24 2 cos 73 = cos?”y
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2,-2, PiCy
Vig § s = )
122,42, ' cos 7,
kpe 2 <2705 oo DENSITY; AND C= VELOCITY.
bg by
Bottom reflection loss in db may be expressed by

RL. =10 L0G, |V|%

An illustration of the three-layer model is presented in Figure 4. It should be noted
that Brekhovskikh's notations were maintained for continuity.

FIGURE 4 THREE-LAYER REFLECTION MODEL

Core analysis for this area has not been completed; however, It Is known that
sediment layering exists in the vicinity of the reflection measuremerts, The sediment
density and velocity values used in this report are consistent with available datal3,
Layer 3 is assumed to be water of a constant density and velocity, and layer 2 is
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considered to be o low velocity clay or fine-grained silt which overlies a layer
(layer 1) of coarse silt or sand of higher accusiic impedance (Pc) than layer 2,

The assumed layering is consistent with existing conditions since the presence
of low=velocity sediments just beneath the water-sediment interfoce has been de-
tected by Kotz and Ewing 14, while turbidity current deposition would account for
the silt or sand layer.

Figures 5 and 6 depict the reflection coefficiont and corresponding reflection
loss for 3 instances in which the ccoustic impedance of layers 1 and 2 was varied.
From this it can be seen that variations in the acoustic impedance of layers 1 and 2
can account for fiuctuations in the reflection coefficient and consequently in the
theoretical reflection lose., However, even more significant is the effect upon the
reflection coefficient of small changes in the thickness of layer 2. Maxima in each
curve occur when the thickness of layer 2 Is equal to one half wavelength. The re-

flection coefficient recches a minimum value when the thickness of the center iayer
is equal to an odd number of quarter vavelengths. Reflection can be entirely elim=
Inoted when the acoustic impedance of the center layer is equal to the geometric

mean of the impedances of layers 1 and 3 P> C2= /PICI p3C3 ‘

Although the three-layer model offers a plausible explanotion for the measured
reflection losses encountered in this area, it would appear that this model should be
extended to include absorption of sound within the sediment as well as additional
sediment layering. Extension of the reflection coefficlent to include absorption and
odditional sediment layering is necessitated by the verification of more than one sub-
bottom refiector and penetration of 12-kc signals to depths of about 100 feet. Fry
and Parker!3 have presented a four-layer model and Cole and Bell 16 have included
absorption in the three-layer model. Mackenziel” has presented a modified two-
layer Rayleigh reflection coefficient which was extended by Morse to Include ab-
sorption, Since the two-iayer model does not account for sediment layering, it
would appear that an n=layer model shou!d be investigatea. The number of layers
Included in the mode! should be determined by the actual number of significant
sediment layers present in long cores taken in the various physiographic provinces
of the oceans. Sub=bottom reflectors encountered during seismic refiection surveys
should also be considered.

COMPARISON WITH OTHER DATA

The overall mean reflection loss for the entire area is about 20 db, which is
obout 2 db higher than the corrected AMOS18, 19 reflection loss curve for 12-kc and
normal incidence. Brass 1120 reflection loss measurements made at grazing angles of
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REFLECTION COEFFICIENT

FIGURE 5

REFLECTION LOSS (db)
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20 to 0 degrees at 4.5 c in an area about 75 miles east of this area show reflection
loss vaiuves between 21 and 25 db, while simiicr measurements further north indicate

losses ranging from 11 to 14 ¢b,

Any comparison of reflection loss meusurements is meaningless if the absorption
coefficients used in the computations do not coincide. The average absorption coeffi=
clent determined from the expression presented in the AMOS report is about 0.2
db/kyd greater than the 1.1 db/kyd used in this report. By compensating for this
difference it was found that the mean loss for the area is within 1 db of the corrected
AMOS bottom loss for 12 ke and nomal incidence. It is mot known if the AMOS
absorption coefficient was used in the Brass !l study.

CONCLUSION

~
\

" ‘Normal incidence 12-kc reflection loss measurements indicate that this area may
be one of variable reflectivity. Low loss values of 14 db show relatively good reflec=
tivity, whereas high values of 24 and 26 db indicate poor reflectivity. The range of
the Brass |1 losses coupled with the normal incidence measurements possibly indicates
the variable sediment conditions that may be ericountered in abyssa!l plain regions or
in areas accessibie to turbidity currents. A layered mode! may be used to explain
theoretical fiuctuations in reflection loss as functions of layer thickness and variations

in sedlment properties.

73
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