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ABSTRACT

Normal inddence 12kc bottom reflection loss measurements were maOe from the
USS PREVAIL (AGS—20) at 15 stations In on area extending from 32°0O’ to 34°00’Nand 71°0O’ to 73 00’W . The area fles along the northwestern edge of the HatterasAbyssal Plain. These measurements were made with an AN/UQN-1 echo sounder andthe REMPAC reflectivity system. Mean values of bottom reflection lass, computedfor each station, ranged from a low of 14 db to a high of 26 db. The mean reflectionloss for the area was 19.9 db. The poutbility of using a three—layer model to explainand predict bottom reflection loss was investigated.
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NORMA L NCIDENC E BOTTOM REFLECTION MEASUREMENTS
IN ATLA NTIC AREA C-1

INTRODUCTI ON

Norma l incidence 1 2 k c  bottom reflection loss measurements were made aboard
the USS PREVAI L (AGS—20) with an AN/UQN—1 depth sounder and the REMPAC 1’2ref lectivity system during Marc h 1963.

A ca librated towed transducer was used in con junction with the depth sounder
at 11 of the 15 stat Ions. The ship’ s hull transducer was used on the remaining 4
stations. It become necessary to sw itch to the hull transducer when the towed trans-
ducer becrime inoperntive during rough seas. As a sa feguard against such a mishap
and since it was not possib le to actuall y ca librate the hull transducer, comparat ive
ref lection loss measureme nts were made with the calibrated towed transducer and
t he hull transducer . These measurements , made In se lected areas, showed the reflec
tion loss va lues obtained with the hull transducer to average 5.3 db less than the
losses obtained with the towed transducer. It was there fore assumed that the transmit—
ting response and the receiving response of the hull transducer uiffered from the towed
transducer by this amount .

INSTRUMENTATI ON

T he depth sounder operated on the 6,000—fat hom scale and transmitted a 150—
mi llisecond pulse every 30 :econds . T he transmitting response of the towed trans-
ducer was 60. 1 db/ /microbar/volt at 1 meter , and the receiving response was —70
db//volt/mlcrobar. 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, ond the
source level was 101 .7 db//mlcrobar at 1 yard.

DATA COLLECTION AND ANALYSIS

A reflection loss measurement was made every 30 seconds during a 1 5—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
equat ion: Mean Reflection Loss = Source Leve l — Propagation Loss + Receiving Response
+ Receiver Gain - Recorder Calibration — Mean Peak Pressure, where

Source Leve l = 101.7 db//microbar at 1 yard,
Propagation Loss 20 log 2D 1 2aD,
Receiving Response —70 db//1 volt/microbar,

80
Recorder Calibration (0 db) = 40 db// i volt,
Peak Pressure = read from the record,
D = depth In yards, and
a absorption coefficient 1 .1 db/kyd.
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Table 1 Sum mary of reflection loss data

Station Latitude Longitude Depth No. of Mean Loss Standard
No. (N 

_______

(W) (fathoms) Ref lections (db) Dcv. ~db)

1 33°07’ 73°06 2760 24 15.6 3.6
2 33°10 72°54’ 2745 28 17.2 4.2
3 33°06’ 72°15’ 2800 27 23.3 4.2
4 33°05’ 71°49’ 2880 13 17.6 6. 2
5 32°4r 71°4~’ 2850 25 20.9 3.5
6 32 °36 72° 12’ 282:~ 26 23.9 3.0
1 32°40 ’ .2°37~ 2800 25 26.0 3.5
8 32°39 73°03 ’ 2760 34 22.1 1.9
9 32°16 ~1°53’ 2840 23 20.6 4.9
10 32°12’ 72°13 2800 27 21 .7 7.6

1 32°T~~’ ~2° 42’ 2S20 15 21 .3 3.9
I. i.~’0.i •‘1 °3C~ 2710 26 19.6 3.5

33°59 2.~ 26 16 .5 2.6
33°40 71°0O ’ 2 4~’ 7 14.0 2.7
33 °3~ 71029 2’OS 19 14.0 2.9

The reflection loss meosuremients wert ’ cmdjusted for attenuator settings and corrected
for background noise when r~ecessary. The average absorption coeff icient for the water
column wos determined from the Marsh and Schulkln 3’

4 equation for absorption . The
data hove been adjusted for severa l sources of error 5. T hese errors result from the pre-
sence of nonspeculor or scattered sound, tilting of the sound cone of the hull trans-
ducer due to ship motion, and deviation of the sounding velocity of 4.800 ft/sec from
the true mean ve locity in the water column .

DISCUSSION

Mean reflection losses range froM a low of 14 db at Stations 1 4 and 15 in the north-
east to a high of 26 db at Station 7 in the southwest section of the area . T he overall
mean ref lection loss for the area is 19 .9 db. In genera l, 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 areu (Fig 1).

Figure 2 illustrates fluctuations in reflection loss encountered during a 13—minute
period at Stat ions 5 and 13. FIgure 3 is a frequency distribution of ref lection loss for

3 CONFIDENTIAL
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the er. .. ... irea. Wh ile t he Fluctuat ions appear to be typ ical of the area, it is not
known If they result soley from variatIons in the bottom or to what extent bottom
scuttering , Interna l 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 ot her areas2’6 emphasizes the reason for averaging reflection
loss measureme nts. T he di5cussion below is a possible exp lanation for the fluctua-
tions based on bottom variations.
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FIGURE 2 FLUCTUATIONS IN BOTTOM REFLECTION LOSS
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~~~~ urea , u-~ i i  i ; s I - , t ~ d I.>’ ~~ POR echogrurns, is a reg ion of relative l y flat or
;~~r~r~y I3p ir1.~ ~~~~~~~~~ .~. U no ~i C~ ui ai r ’~!ief, ihe area, as indicated by
~~ zen et a I )In; the .or thw A 

~ 
,( the Hatteras Abyssol Plain and

is bordered on th~ ‘~cs t L y  ft. -~w .- r Coi i ir,entc ; Rise Hi l ls , The average watern h  is about 2 -UI. ~it~ ~~~~~~~ nun t h -  nr. u s 
~.p• southea~

It j 5 bk- ; 
~
. lA.

~~ U~~t fl~ i- c rr iou ~ topography of the deep ocr-an basins or abyssal
plains is a d~ cct ~csu It • r tur E i d i t . - current deposit ion . Supporting evidence for the
rurb idity current theory of deposition l~ fxind in the presence of sand and silt layers
in cored sediments8,9 taken in abyssu l ploin regions and in the numerous sub—bottom

• - H c r tors nc T u r r t c i  .-J di r nq sei sryiic reflection surveys 10 as well as on PDR records 1 1~
In gt ’nt- ru l, su b—bot to~1 reflections in obyssa l plum areas are not continuous and may
disappear in re lativel y short distances. riowever , the presence of these reflectors
appears t indicate layers 0f increased rIgidi ty 1 1 and possible layers of coarse material ,
such as sand • , u~ -~

The source of turbid ity curr c-t t sr-d ir i ,ents in this orea is the Cape Hatteras region
ft the north or possr t :~/ the Hudson Canyon . Cores taken near Stations 12 and 15
sh-~-.~. w l l  sorted sand cind sil t  I~~yet s cp~ v t - d  by brown and gray clay 10 . One sand
layer was 5C CTIr th ick .

It is possible to present a p lausible three— layer mode l for Investi gati ng the effects
of sediment layering on bottom reflectiv ity. The expression for the amplitude reflec—
‘ion coefficient was derived by Brekhovskikh 12 and is presented below . For the
purposes of this report , onl y normal incidence will be considered . The amp litude
reflecti on coefficient is given by

V~~3~~ V~2 exp (Ztk 2d cos

t -t- V 23 V 12 exp (2ik 2d cos

which can be written

v_ (
~

’23 +v 12) ±i (V 12 V23) tort (k2d COS

(I+V 23V12)+i (V 23V12 -;)tcin (k2d cos

where

~ 2~~~3 
P 2 C2 P 3 C 3V ; z~~—23 ? 2 +E3 2 c~~ ~

6 CONFiDENTIAL
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P 1 C 1V I2 Z 2+? 3 I cos

~~:~~EN S T Y ; AND

Bottorri r r-1 - ’  t ici loss Ic ~~~ny b~- e~ pressr d by

R.L ~~IO LOG 10 ~V~
2

An i l lustration of the t hree—layer  rccdt ~ IS preseu t ed in Fi gure 4 . I t  should be noted
that Brekhovskil~ h s notatinus w. re ma lit a m e d  for continuity.

\ 13 Y3
3 \

_
~~~~~~~

-/ I
2 ~~2 . \ ~

- d
I-
I /

FIGURE 4 THREE—LAYER REFLECTION MODEL

Core analysis for this area has not been comp leted; however, It Is known that
sed iment layering exists in the vicinity of the reflection measureme r ts . The sediment
dens ity and velocity values used In this report are consistent with available data 13 .

• Layer 3 is assumed to be water of a constant density and velocity , and layer 2 is
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ci h~ Io~ veln~ ~V L )r Inc - i~~ c~ s ilt ~~ ich overlies a layer(layer 1) ot • n~rse si lt or s au~~ ~~ h i q~~~-r  iC Ic ~rnpedance (P c) tha n layer 2.

Pre as su r ed la ,~ is L~~ r~~~~~t t ~ ’ w m~h - ist ing ~~ ‘ -~~i ions since the presenceof .. ~ve IoL it y S cj m e ’~~ iu’t brr r . ’ uth the 
~ t e r — s~ dj ment interface has been de—f~~C t n  by or ~ .-

~~ ~ ~~, .‘ihi le ~rLidlt~ current deposi t ion would account forsi l t  or sars~ lay-

Fioures 5 and 6 ~le~1ct th f ;  - IHec t i on  c ’ .~f f ic  I nt and corresponding reflectionloss for 3 instances j r .-~hich ~~ a. uu~t i .  impedance of layers 1 and 2 was varied .From this i~ can S C ef l  Hit va r iat ions in the acoustic impedance of layers I and 2
~an account for f Iuc’ - - C i ~ ns in the r - f l e c t i o n  coeff icient and consequent l y in thetheo ret ica l re le : r i o r . loss . H~ wevc- r , c-/an more s ign ificant is the effect upon theref le tL-  

~~~~~~ c~ sn a I l  c~ ungr 5 in t i i’~ t hicknes s of layer 2. Maxima in each
-;~~~ ic occur  -.~.hen t ’ I I•  r ’ i l ,  • s y r  ‘ is equal to one half wavelength. The re—
~l~~cf Iotr • oe fU c t r :T -, ’ reac ht -. r in~ r c a  vnl uo when the th ic kness of the center ~oyeris eq ia! ~ on •~-~J nurrv -~~r • •~ a t  r \~~~‘ ieng ths . Ref le ction can be entirel y ei Irr —i n-  CO when t n -  a~ na I’ pedon c h~ - ‘ n f e r  iay er  is equal to the geometr Icneon o f the I l e0O~~Ce~ : 1  ~,

- a r s  I Qflu j  P2 C 2~ J p c  p
~~ 3

Although ~f rc r - - -~ay~~ model - t r e r s  a p laus Ible exp lanation for the measuredre flection losses c- n c - e ntere d i n  His area , it would appear that this model should beextende d to nc luae ‘~~~j r ? 5 i(n c-c f sound w Ith in the sediment as well  as additiona ls- ~J ; rn en t  I ry ” r ind .  E tension • 2 1  t he ref le ct i o n coeff ic ient to include absorption and
d t i ~ n t I  se dIment ~rye r ing is necess itated by t he verification of more than one sub—

~ott om e t e c ~or an I -~~~~- ~~~~~~ of I 2 k c  si gna ls to depths of about 100 feet . Fryand P arker 15 r~~ i’~ p rese nteJ a f our—layer model and Cole and Bell 16 have includedJcs or pt ion in the three-la yer model. Mackenz ie 17 has presente d a modified two—layer Ray leigh se rlec - t io n coefficie nt which was extended by Morse to Include ab-sorpt ion . Since the tw u—l ayer model does not account for sediment layering, Itwou ld appear that an n—laye r model should be invesfi gatea . The number of layersIncluded In the model should be determined by the actua l number of significant
sed iment layers present in long cores taken in the various physlographic provinces
of the oc ’ans . Sub—bottom reflec tors encounte red during seismic reflection surveys
should also be cons idered .

~ DMPARlSON WITH OTHER DATA

The overall mean re flec tion loss for the ent ire area is about 20 db, wh ich Isabout 2 db higher than t he corrected AMOS 18, ~ re flection loss curve for 1 2—kc andnormal incidence. Brass 11 20 re flection loss measurements made at graz ing angles of

8 CON FIDENTIAL
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FI GURE 5 BOTTOM REFLE C [I ON-I COEFFICIENT VERSUS THICKNESS OF LAYER 2
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FIGURE 6 BOTTOM REFLECTION LOSS VERSUS 10 LOG (V)
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20 to ‘
~C n ’yrees at 4.5 ~sc ~r. an area oi ou~ 15 ri l es east of this area show reflection

loss va’ues between 21 onc 25 db, .vhile si t i i a r  i easurements further north Indicate
losses ranging from 11 to 14 ab.

Any Comparison of reflection loss measurements is meaning less If the absorption
coefficients used ;~ the c xrputot lons do not coincide . The average absorption coeffi-
c ient determined from the express ion presented in the AMOS report is about 0.2
db/kyd greater than the 1. db/kyd used j r 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 kc and normal incidence. It ~s ~ot known If the AMOS
absorption coefficient was used in the Brass Il study.

CONC LUSPON

Normal incidence ‘ 2—kc et~ect ion loss measurements indicate that this area may
be one of variable ref lect iv i ty.  ~.ow loss va lues of 14db show relativel y good reflec
tiv ity, w hereas high values of 24 and 26 db indicate poor reflectivity. The range of
the Brass Ii l osses coup led w ith the nar rca i :cc- idence measurements possibl y indicates
the var iable sediment cond t ions that may be encountered in abyssa l pla in regions or
n areas access ible to turbidity currents. A layered model may be used to exp lain

theoret ical fluctuations in reflection loss as functions of layer thkkness and variations
in sediment propert ies .

CONFIDENTIAL
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