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INVESTIGATION Ol' 110-VOLT ~BO SCXJNDER 

PART I: INTROWCTION 

l. The Waterways Experiment Station has undertaken a comprehensive 

field and office investigation of revetment in the Mississippi River in 

an effort to deterlline the nature and causes of revetment failures with 

the view toward the development of methods ot overcoming such ta.Uures. 

Accordingly 1 efforts ere being made to utilize every means available to 

obtain as much detailed information as possible concerning the factors 

affecting the stability of revetmeftt in the river and developmentsleading 

to revetment faUure. It was recognized that the determination of the 

exact location and condition of a revetment, particularly at the time of 

its failure, is ot paramount importance 1n such an investigation. Because 

ot the turbidity of the Mississippi River and the great depths and swift 

currents usually found along a revetted bank, the location, condition, 

and performance of revetment cannot be determined by direct observation. 

In this connection it vas thought that it might be possible to obtain 

additional information concerning the location and condition of a revet

ment and its SUI>portins bank with the aid of echo sounding. 

2. Various claims have been made with regard to the ability ot 

echo sounders to show distinction between dUferent layers ot silt, mud, 

sand, rocks and other such materials composing the bottom of a river or 

lake. The accuracy of the echo sounder in measuring depth is generally 

accepted, but its ability to provide additional information pertaining to 

composition ot the bed of a body ot water has been a subject of much 
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controversy with opinions varying widely among its users, 

3- Preliminary tests conducted at the Reid Bedford Bend revetment 

(Mississippi River) produced results which appeared encouraging; however, 

because of the turbulent flow conditions prevailing, probability of mov-

ing sand, and the existence of several types of revetment in the area, 

the accuracy of interpretation of the results could not be established, 

Limited field tests were therefore undertaken under more favorable con-

ditions. The general purpose of this field investigation was to determine 

the capabilities and limitations of the echo sounder in obtaining infor-

mation concerning the location and condition of r evetment and to obtain 

infor.mation which might be useful as a guide in the interpretation of 

data recorded on the echo-sounding charts. 

4. The stuqy reported herein consisted of r esearch of the princi-

ples of echo sounding from available literature, discussions with engi-

' neers experienced in the operation and use of echo-sounding equipment, 

and limited field tests conducted with a super sonic echo sounder. The 

investigation was not intended to be comprehensive in nature; hence, this 

r eport does not cover the relative merits of one make or type of instru

ment over another or the advantages and disadvantages of echo sounding as 

compared with other methods of sounding. 

5. It is the purpose of this report to present the r esults of the 

tests conducted during the investigation, the conclusions reached from 

an evaluation of the test results, and analyses of the theoretical and 

practical characteristics of the echo sounder insof3r as they affect this 

investigation. 
' 

6, The field tests on the echo-sounding equipment were conducted 

I 
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in Lake Ferguson at Greenville, Mississippi, in the E~ ssissippi Etiver nt 
• 

Reid Bedford Bend, Louisiana, n.nd at the M5.ssissippi River Bridge at New 

Orleans, Louisiana. 
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PAM' II: ECHO SOUNDING 

General 

7. The principles af echo sounding have been knovn to engineers 

tor many years, but only in recent times has the method been developed to 

a stage of practical usefulness. Essentially, echo sounding is a method 

of measuring the depth ot a body of water by determining the time required 

tar sound waves to travel, at a known velocity, from a point near the 

surface of the water to the bottom and return. Echo- sounding equipment 

is designed to produce the sound, receive and amplify the echo, measure 

the intervening time interval, and convert this interval into units of 

depth, such as feet, fathoms or meters. 

8. Echo sounders are classified generally as either sonic or super

sonic. This investigation was concerned only with the supersonic type 

which utilizes sound ot a high frequency above the auditory perception of 

the human ear. The supersonic sounder is directional in nature and, com

pared to the sonic sounder, has a. higher sound energy concentration, and 

is more discriminatory against spurious noises and side echoes. The 

supersonic sounder also permits the measurement of relatively shoal depths 

because a shorter signal can be made and, therefore, it is the type used 

for surveys on the Lower Mississippi River. Supersonic sounders are 

either of the permanently installed type or of the portable type. T.be 

portable-type equipment is of light construction and is designed for use 

in small boats or skiff's and can be moved from one boat to another with 

little effort; the oscillators are mounted outboard and the equipment is 

operated with paver from a 12-volt battery. The permanent type is ot 
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heavier construction and is not designed for mobility; the oscillators 

are usually installed in the hnll of the survey boat and the equipment is 

operated with 110-volt power. Since the permanently installed (110-volt) 

type is considered to be the more sensitive, it was used for this inves

tigation. 

Principle of Operation 

9. Sound in the higher frequencies is directional in nature, the 

directivity depending upon the treguency of transmission of the sound 

impulse and the diameter of the transmitter diaphragm. The sound waves 

produced at the diaphragm are projected in the water in the general form 

of a spreading cone, the front of the generated wave being generally 

spherical in shape with the sphere center at the oscillator. The apex 

angle of the eone is at the transmitting oscillator and the base of the 

cone is on the river bottom. Sound transmitted from the oscillator is 

reflected from objects within the cone and received back at the receiver 

and amplified. The time of travel of the sound wave from the transmitter 

to the object and back to the receiver is measured and converted into 

depth in feet and recorded on the chart, the depth being proportional to 

one-bel f the total tiD"t of travel. It is important to note here that an 

echo may be received trom any object vithin the transmitting cone -- not 

necessarily from the bottom or from directly beneath the oscillator -- as 

transmission of the sound impulse is complete within the cone, and reflec

tion of the sound is along a path directly opposite to that of trans

mission. The lawa at incidence end reflection are not violated here since 

the reflecting object is considered not as having a plene, smooth surface 
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but ae being composed of a large number of individual particles, each of 

to the path of sound transmission and capable 

of reflecting sound. 

10. In addition to the tne echoes obtained in sounding operations, 

spurious reflections mAy be recorded as well. Such reflections are 

called "strays", of which there are two types: (1) those which signify 

true reflections or echoes from suspended material, such as fish, refuse, 

nearby piling or wharves i and (2) those which are false 1 being caused by 

excitation of the receiving unit from water turbulence, vibration of the 

boat's ansina or hull, extraneous noises in the water, etc. Frequently, 

strays in the first class are beyond the control of the operator and can-

not be eliminated from the chart w1 thout impairing the record of the 

bottom. Straye of the second type are easily detected on the sounding 
• 

record because of their discontinuity and can usually be el1m1 nated by 

raducins the sensitivity setting which controls the degree of amplifica-

tion of the signal received by the unit. 

11. Multiple echoes also may be recorded. These echoes are caused 

by reflection of the initia1 sound tmpulse several times between the 

water bottom and water surface or b06t 's hnl l • Such multiple echoes 

usually are easily detected, since they appear on the sounding record at 

even multiples of the depth and produce a.n exaegarated trace of the 

bottom. 

12. For proper use of the echo sounder, an understanding should 

be had of the effects brought about by the properties of the metium 

through which the sound is transmitted and of the principles involved 1n 

the f'unction1ng of the echo-sounding equipnent. 
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13. The transmission ot the acoustic waves used in echo sounding 

is dependent on certain properties or the medium and on the reflecting 

surface. In sounding an ocean or river by this method the transmitting 

medium is water (through which the sound passes) e.nd the reflecting sur

face is the ocean or river bottom. Ideally, for echo sounding, both 

should possess the following characteristics: constant phy~ical proper

ties throughout the entire depth of water, resulting in a constant veloc

ity from surface to bottom; zero attenuation ot sound; and 100 per cent 

reflection from a bottom parallel to the surface ot the water. In prac

tice these ideal conditions never exist; nevertheless, echo sounding 

under existing conditions gives results satisfactory for ordinary pur

poses. Some of the conditions that influence echo sounding are: 

salinity of the water, temperature of the water, type of bottom, absorp

tion, aeration, turbulence, radiation, and reflections. 

14. For proper operation of the echo sounder, it is necessary that 

a relatively constant velocity of sound be known for the medium through 

which the sound is to be transmitted. Although water is a much more 

suitable medium for sound transmission than air, some variation of sound 

velocity may be caused by differences in salinity and temperature of the 

water. Such variation may be detected, however, and proper allowance 

made. 

15. As sound passes through water some ot its intensity is lost 

because of friction due to the viscosity of the medium. This loss of 

soun4 energy is by conversion to heat and is sometimes referred to as 

absorption. Absorption of this nature is important when high supersonic 

frequencies are employed. 
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16. Sound leaving the transmitting unit does not travel 1n 

parallel rays, but radiates from the source. This divergence of the 

sound represents one of the largest losses of useful energy. Sound 

utilizing high frequencies is controlled, to a limited degree, by •earning 

of the sound in the general shape ot a cone whose apex angle is about 30 

or 35 degrees. In sounding, any object within the cone may be detected 

and careful analysis of the sounding record must be made to prevent 

erroneous interpretation of results. 

17. Aeration is the suspension in water ot air in the form of' 

bubbles. Sound waves are partly reflected, or dispersed, and partly 

absorbed by aeration; theoretically when the air in the water represents 

10 per cent by volume of the water, total reflection of sound will take 

place. 

'Echo-eonnding Rec ard 

18. A continuous record ot soundin! operations is recorded on the 

chart paper or f'athogre.m, which is ted through the recorder at a pre

determined rate of speed. As the receiving instrument records the time 

interval between the transmission and reception of the echo, this inter

val is automatically converted into distance or depth and recorded elec

trically. The operator manually records the horizontal location of the 

sounding vessel at frequent intervals, thus providing a lateral network 

to which the soundings may be referenced. 

19. SeTeral important points concerning interpretation of the 

sounding record should be noted. The record itself presents a general 

picture of the river bottom, but this picture may or may not, depending 



upon conditions, reflect the depths or sizes ot laminae or objects on 

the bottom or the types of materials composing the bottom. Although 

soundfnga appearing on the record are referenced laterally to some known 
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point, they are not necessarily of a point directly beneath the sounding 

vessel as they may have been obtained a' any point vithin the projected 

sound cone. Unfortunately there exists no practical method whereby such 

soundings may be determined and projected backward to locate their true 

lateral positions. Because of the spread of the sound cone as it is pro-

Jected downward, small breaks in the river bottom may not be detected. 

The base o:t the cone may overlap the break on both sides and so cause a 

recording of a flat surface. The sounding record does not show scale re-

lationshipe between vertical and horizon*al distances. The record must 

be replotted before analysis ot these dimensional relationships can be 

made. Distortion of this relationship on the fathogram is influenced by 

the speed of the sounding vessel and the rate of chart feed. 

Theoretical Aspects of Echo Sounding 

Sound cone 

20. Probably the greatest advantage of the supersonic echo sounder 

over the sonic sounder is its degree of directivity. The sound emanating 

from the transmitter is beamed in the general :torm ot a cone, thus ex-

eluding to a large extent interfering echoes from objects to the side. 

The relation by which the apex angle, 2a, of the sound cone may be ob-

tained is 

Sin a = 0.61 V 
rt 

in which V is the velocity ot sound in the medium through which the 

• 
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sound waves are projected, t is the frequency of transmission, and r 

is the radius of the transmitting diaphragm. 

Intensity of sound transmission 

21. Intensity of sound varies inversely as the cross-sectional 

area of the sound cone or inversely as the second power of the diameter 

of the sound cone. Since sound is transmitted from the oscillator in the 

shape of a cone, there is a diminution of sound intensity (amount per 

unit area) with increasing distance from the vibrating diaphragm. This 

reduction in intensity may be appreciable at great depths and may pre-

vent the detection of returning echoes except vith very high settings 

of the sensitivity control. 

Reflection from vertical surface 

22. The base of the theoretical sound cone is the river or lake 

bottom, but reflections from any object within this cone possessing 

sufficient acoustic resistance may be recorded on the graphic chart. 

Thus echoes from a pier, dock, or steep bank coming within the limits of 

the sound cone my be recorded. Although a portion of the transmitted 

sound waves striking an object above the river or lake bottom may be 

reflected at an angle to the river bottom and back to the receiver (in 

accordance with the laws at incidence and reflection), another portion 
"' 

strong enough to be recorded w1ll be reflec'Ud back along the path of 

transmission. The latter reflection is caused by the fact that each 

1Ddividual particle making up the vertical surface has a oinute surface 

normal to the path of sound transmission. 



Effect of sloping bottom 

23 • In the plotting of cross sections from echo- sounder records, 

it is generally assumed that the reading shown at any specific point is 

the vertical depth below the sounding vessel at that instant. This 

assumption is strictly accurate fo~ horizontal river bottoms, and is 

sufficiently accurate for all practical purposes except in cases where 
• 
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ver.y considerable bottom or bank slopes are encountered. However, those 

using the echo sounder should recognize the nature of the significant 

errors which are inherent in the recordings of this apparatus over and 

adjacent to steep slopes. A mathematical analysis of the probable error 

resulting from sounding over a sloping bottom is presented on plate 30. 

Inspection of this plate will shov that the analysis has been resolved 

into two conditions for purposes of simplification. In the first con-

dition the angle 9 between the sloping bottom surface and the horizontal 

plane is assumed equal to or greater than one-half of the apex angle of 

the sound cone. In the second condition the angle 9 between the sloping 

bottom surface and the horizontal plane is assumed less than one-half of 

the apex angle of the sound cone. In Case I (plate 30) the measured 

depth, Dm, is the distance along the edge of the sound cone from the 

soundings reference datum to the point of intersection with the sloping 

surface. An increase in angle Q will produce a decrease in this 

measured depth, thereby increasing the percentage of error. In Case II 

the measured depth, Dm, is the perpendicular distance from the soundings . . 

reference datum to the sloping bottom surface. As the angle between the 

sloping surface and the horizontal plane increases, the measured depth . 

approaches the value of the distance along the side of the sound cone 
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trom the apex to the point of intersection with the bottom and finally 

meets this value as a limit when the angle 9 becomes exactly equal to 

the half angle ~ in the apex ot the sound cone. As in the first con

dition, an increase in the angle 9 results in a decrease 1n the measured 

depth, thus increasing the amount of error. The probable error in feet 

corresponding to different values of true depth and bottom slope and the 

probable percentage of error 1n terms of true depth and slope are pre-

sented graphically on plates 30 and 31, respectively. 

Effect of acoustic resistance 

24. As mentioned previously, the principal purpose of this inves-

tigation vas to determine the capabilities and limitations of the echo 

sounder in determining the location and condition of revetment and its 

supporting banks. In this connection, the capabilities of echo sounding 

must be based upon the effects of variations in specific acoustic resist-

ances ot the media involved upon the transmission of sound. For instance, 

whether total or partial reflection occurs when a sound wave passes from 

one medium to another and the amount of sound energy reflected or trans-

mitted are particularly important. If the specific acoustic resistances 

of two adjacent media differ considerably, almost no energy is transmitted 

and nearly perfect reflection occurs. In the case ot energy transfer from 

water to air and vice versa, the amount transmitted is oDly about 0.12 per 

cent of the incident energy. 

25. The equations for the reflection and transmission of sound 

energy between two media are: 

(Rl - ~}2 E 2 .;.....-....._.-...~ 

r (~ + ~)2 
{a) 
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(c) Er + Et = 1 

in which ~ is the energy reflected in passing from one medium to an

other, Et is the energy transmitted in passing from one medium to an

other, El is the specitic acoustic resistance of the first medium, and 

is the specific acoustic resistance of the second medium. Consider 

the case ot a sound wave passing throush fresh water with a specific 

acoustic resistance ot 1.5 x 105 end striking a mass of air with a specif

ic acoustic resistance ot 42. Substitution in formula (a) above shows 

that 99.89 per cent of the total sound energy striking the air mass is 

reflected. Analyzing the ettect ot acoustic resistance still further, 

consider a condition in vhich a water~tilled hole or cavity exists beneath 

a concrete mt. A sound wave initiated by an echo sounder will travel 

through the body of' water above the concrete mat, through the concrete 

itself, and through another body of water until finally it is reflected 

from the bed back through water, then concrete, and then water, to the . 

receiver. The specific acoustic ~esistances of water and concrete are 

1.5 x 105 and 8.1 x 105, respectively, and it the specific acoustic re

sistance ot the bed be taken arbitrarily as 2.0 x 105 (soft bottom), the 

following relationships may be shown by substitution in formulae (a), (b), 

and (c), above. In passing f'rom ~he water to the concrete mat approxi

mately 47 per cent ot the initial energy will be reflected and about 53 

per cent vill be transmitted to the mat. After passing dowmrard from the 

concrete to th• vater underneath, another 47 per cent of the energy 
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transmitted thus far is reflected and about 53 per cent is transmitted. 

But now the total energy which is transmitted to the water underneath the 

mat is only about 53 per cent of 53 per cent of the initial energy or 

about 28 per cent of the initial energy. The bed then reflects 2 per 

cent of the energy arriving thereat (28 per cent of the initial amount} 

or about 0.6 per cent of the original energy transmitted. Corresponding 

losses occur in the small amount of energy reflected from the bottom as 

it is transmitted back through the water underneath the mat, through the 

concrete itself, and through the water over the mat. From such a purely 

theoretical analysis, it is considered extremely unlikely that such a 

smell amount of energy could be detected by the echo sounder. In the 

case of unconsolidated silt covering a concrete mat, approximately 98 per 

cent of the sound energy is transmitted to the silt with the remaining 2 

per cent being reflected back toward the surface. About 36 per cent of 

the energy transmitted to the silt will be reflected by the concrete mat 

underneath, or approximately 35 per cent of the original energy is re

flected upward 'by the concrete. On the return to the water surface, how

ever, another 2 per cent of this energy is lost in transmission from the 

sUt layer to water, thus leaving about 34 per cent of the original sound 

energy to reach the top. On the basis of such theoretical analysis it 

may be considered that the presence of a concrete mat underneath a layer 

of soft and unconsolidated silt might be recorded although there is no 

indication that it could be identified as such. Inasmuch as only 2 per 

cent of the initial sound energy is reflected by the unconsolidated mass 

of silt, it is possible that the silt layer may not be recorded on the 

sounding record. 
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Composition ot bottom material 

26. Composition of the materials forming a lake or river bottom will 

inf'luence the characteristics of the markings obtained on the sounding 

record. Rock, consolidated sand, concrete, and other similar materials 

possess a high reflection characteristic and permit little attenuation of 

sound waves. Accordin~y, such materials register distinctly on the -
.. 

sounding record end may be recognized by a shorter and blacker mark than 

soft bottom. Conversely, soft mud and unconsolidated silt have a low re-

flection characteristic and transmit a much larger percentage of sound 

energy than is reflected. Thus the recorder may indicate as the bottom 

some point down in the slush just sufficiently consolidated to reflect a 

usable echo. Also, because of the low density of the soft material, a 

certain penetration of the sound signal may occur, and echoes may be re-

ceived not only from the true bottom but also from a multitude at depths 

underneath, producing a longer and fainter trace on the chart. 

Multiple echoes 

27. Double, triple, and even quadruple echoes me.y be recorded on the 

sounding record as multiples of the initial recording if the surface over 

which the soundings are made possesses a high degree of reflecting ability. 

1bis phenomenvn is caused by multiple reflections of the initial sound 1m-

pulse betveen the bottom and the recording unit. Such multiple echoes are 
. 

easily identified on the sounding record since they app~ at even multiples 

of the initial recording and produce an exaggerated profile of the bottom. 

Horizontal 1 ocation 

28. HYdrographic surveying depends upon an accurate determination of 
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vertical depths and the horizontal locations of the points at which 

soundings are made. Obviously an error in determining the horizontal 

location of a point will nullifY the accuracy of the depth determination. 

It is imperative that accurate measurements of the horizontal locations 

be made continuously during sounding operations. The sounding vessel 

should be operated 1n.c;ofar as practicable at a constant speed and it 

should follow its prescribed course within the closest possible limits, 

as deviation ot the boat by only a ff!'W feet might produce results not 

applicable to the range desired. 
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PART III: TESTS AND R!SULTS 

29. T.he purpose of the field tests described herein was to deter

mine if by a careful analysis of the record obtained from the echo sound

er, some indication of the location, condition, and behavior of a revet

ment can be obtained. Although some of the tests described are not 

directly connected with the revetment problem, they were conducted in an 

effort to obtain data which might be useful in interpreting echo-sounding 

records obtained from revetment surveys. 

Eguipment Used 

30. The instrument available for this investigation was manufac

tured by the Submarine Signal Company, Boston, Massachusetts, and is re

ferred to as the 788A Fathometer • Survey Type. This instrument produces 

a signal of high-frequency sound (approximately 21,000 to 23,000 cycles 

per second) in the water by means of an oscillator which is mounted in 

the hull of the survey boat. With this instrument, direct soundings in 

feet can be obtained at the rate ot approximately 240 or 480 times per 

'minute, depending ~on the setting. During a rapid rate of chart feed 

each individual sounding is easily discerned but tor slower rates of feed 

the marks appear closer together or partly superimposed. Calibrated con· 

trols, provided on the recorder, allow the operator to compensate tor 

such var~ables as draft and squat o£ the vessel in which the instrument 

is mounted al1d variations in tide and water- surface elevations. A speed 

control also is provided to permit adjustment for variance of speed of 

sound ~ wa~er due to changes in temperature or saline content of the vater. 

• 
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31. For the 110-volt echo sounder used in this investigation, the 

theoretical apex angle of the projected sound cone is determined from the 

formula presented in paragraph 20 as follows: 

r = 0.453 ft 

f = 21,000 cycles per second 

V = 4700 ft per second 

Sin a = 0.61 x 4700 = 0.30138 
0.453 X 211 000 

Thus the apex angle of the theoretical sound' cone as applied to the anal

ysis of the results of this investigation was assumed to be 35 degrees. 

32. The echo sounder used in these tests was aounted in the hull 

of the New Orleans District survey boat "Amite" with the transmitting 

oscillator being located on the port side 1.5 ft from the keel and the 

receiver being located on the starboard side 1.5 ft from the keel. Thus 

the distance between the transmitter and the receiver was approximately 

3 tt, center to center. The beam of the sounding vessel at the oscUla

tors was approximately 18 ft. In addition to the above, the equipment 

available for the investigation included a barge-mounted drill rig, lead 

line and weight, check bar, chain, and special equipment fabricated at 

the casting plant at Greenville, Mississippi. 

Method of Presentation of Results 

33. The results of these tests are presented by means of plates 

comprising reproductions of typical fathometer records obtained during 

each test, schematic presentations of the various test conditions, and 
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where applicable, diagrammatic plots or analyses of the data taken from 

the record chart. In order to explain the records obtained, there are 

also included theoretical analyses of the principle of echo sounding when 

applicable to the test conditions. 

Check-bar Tests 

34. The first series of tests were check~bar tests conducted in 

Lake Ferguson near Greenville, Mississippi. A check bar was improvised 

from a 6-in. channel iron 21 f't in length which was supported by light

weight porch chains attached 1.5 ft from each end. In each test the 

survey boat was moved to a point near the center of the lake and allowed 

to drift with the motor turned off in order to eliminate the possibility 

ot interference trom the noise of the motor or the vibration of the boat. 

Test 1 

35. 1be first test was conducted for the purpose of checking the 

accuracy ot the setting on the speed adjustment for the velocity of sound 

in the· water at Lake Ferguson. The bar was lowered in the center of the 

lake to depths of 10, 20, 30, 40, and 50 ft below the water surface for 

runs 1, 2, 3, 4, and 5, respectively. The sensitivity control was set at 

6 and remained constant throughout this test. 

36. The r~sul.ts of this test are shown on plate l. Each successive 

horizontal position of the cheek bar directly beneath the oscillator is 

shown on the graphic chart. During the first run with the check bar 

lowered 10 tt below the water surface, the echo sounder first indicated 

the submergence of the bar to be about 9.5 f't indicating that the 
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instrument was not adjusted properly to correspond with the speed of 

eound in the lake water. Accordingly, an adjustment was made to tba 

speed of the recorder motor before continuing the test and, as shown on 

the sra phic chart near the end of the rae ord for the first run, the 

sounder indicated the position ot the check bar to be 10 .o tt below the 

lake surface. Further tests indicated the submergence of tha check bar 

to be about 19.5, 29.4, and 39.1, respectively, for actual depths of 20, 

30, and 40 ft indicatine that the instrument was still not properly ad

justed and that the magnitude of error was increastns with depth. Another 

adjustment then was mada to the speed of the recorder motor and the effect 

of this adjustment is shown near the and of the record for run 4. It will 

be noted that the echo sounder indicated the depth of the check bar to be 

50.0 ft in run 5, thus checkine the actual depth to which the bar was 

lowered. Intersection of the sides of the sound cone with the supporting 

chains used in runs 4 and 5 was not recorded on the sraphic chart. The 

soundings reference datum (elevation of the oscillator at the bottom of 

the sounding vessel) is marked clearly on the graphic chart as a well· 

defined heavy line. It will be noted, however, that the line indicating 

the lake bottom is not so wall defined and that it is not continuous. No 

explanation is apparent tor this discontinuity in recording of the lAke 

bottOJJ.. 

Test 2 

37. The next test was conducted to detemine tha accuracy of the 

echo sounder in meaeurins the depth of a modarately·submarged sloping sur

face and the eftect of such slOJ?e on the record obtained. For this test 
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the check bar was placed directly underneath the oscillator with the left 

chain submerged 10 ft and the right chain submerged 20 ft. Three runs 

were made with sensitivity control settings of 6, 8, and 10. 

38. The results of this test are shown on plate 2. In the first 

run with the sensitivity control set at 6, the soundines reference datum 

and the lake bottom were clearly indicated. In addition, a well-defined 

markins was recorded at a depth of about 13 .2 ft below the water surface. 

This marking apparently indicates the intersection of the left edge of the 

theoretical sound cone with the check bar. With the sensitivity control 

increased to a setting of 8, two additional faint traces appeared on the 

chart at depths of 22 .0 ft and 24 .5 ft below the water surface. Since 

these traces are recorded below the location of any part of the check bar 

and chains, they do not appear to be reflections therefrom. As the sensi

tivity control setting was increased to 10 for run 3, the trace at a dapth 

of 13.2 f't became very faint and the banda at depths of 22.0 tt and 24.5 

ft almost disappeared. In addition, the traces indicating the soundings 

reference datum and the lake bottom became very indistinct. It should ba 

noted that the elevation of the bar directly underneath the oscillator and 

the slope of the bar ware never indicated on the record. 

Test 3 

39. This t .est was similar to test 2 except that the slope of the 

suspended eheck bar was increased. The bar was placed directly underneath 

the oscillator with the left chain submerged 10 ft. Submergence of the 

right chain, however, was increased to 30 ft. Five runs were made in this 

test with sensitivity control settings of 10, 8, 6, 4,and 5, respectively. 
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40. The results of tho test are shown on plate 3. In the first 

run with a sensitivity control setting of 10, two faint banda of markings 

were recorded extending, respoctivoly, from a depth of about 21 ft to 29 

ft and from 35 ft to about 61 ft. Markings for the soundings reference 

datum and the bottom of the lake were not discernible. With the sensi

tivity setting reduced to 8 in run 2, traces indicating the soundings 

reference datum and the lake bottom became well defined. In ~~dition, 

well-defined traces were obtained at depths of 28 ft and 31 ft and irregu

lar bands were indicated at depths of 10.1 ft and 15 ft. The trace at a 

depth of 15 ft may have been produced by reflections from the right sup

porting chain at its point of intersection with the theoretical sound 

cone, but the reason for tho irregularity of the trnco is not apparent. 

The traces at depths of 28 ft and 31 ft may be reflections from the point 

of intersection of the chain and tho check bar and from the lower end of 

the cheek bar, respectively; however, tho actunl depth of tho end of the 

bar and the recorded depth nre not in close o.groemont. Decreasing the 

sensitivity setting to 6 caused the traces at depths of 15 ft and 28 ft 

to become vory faint. As the sensitivity setting was decreased further 

to 4 o.ll mnrkings disappeared except an irregular bank indicating the 

bottom of the lake. A discontinuous band was recorded at a dept of about 

10 ft in the last run when the sensitivity setting was increased to 5. It 

can be seen from the results of this test that interpretation of the 

graphic chart with regard to the position and elevation of the check bar 

would be very difficult and would not be conclusive. It should also be 

noted that the continuity of the band indicating the bottom of tho lake 

was changed with changes in tho sensitivity setting. 
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Test 4 

41. In conducting teat 4 the slope of the check bar was reversed 

from that used in teste 2 and 3. The right supporting chain was sub

merged 10 ft and the lef't chain was submerged 30 ft. Four runs were made 

with the sensitivity control setting varied from 5 to 10. 

· 42 • Results of this test are shown on plate 4. The effects of re

versine the slope ot the check bar can be seen by comparing the results 

of this test with those of teat 3 (plate 3). With a sensitivity setting 

of 5 in thia test, the lake bottom was recorded as a discontinuous and 

irregular band but the soundlnsa reference datum was not indicated. A 

heavy and continuous band of soundings was recorded at a depth of' about 

21.5 ft • This band is in close agreement with the depth of the point of 

intersection of the sounding bar and the theoretical sound cone. Increas

ing the senai ti vi ty setting to 6 caused the soundings reference datum to 

be recorded. A fUrther increase in the sensitivity setting t~ 8 produced 

an increase in the width of the band at 21.5 ft and caused another band 

to appear at about 31 :f't. The latter depth is somewhat lowr than the 

lowest part of the check bar. All markings became much fainter in :run 4 

with tbe sensitivity control set at 10. A comparison of plates 3 and 4 

indicates that reversing the slope of' the bar produced a considerable 

change in the characteristics of records obtained. The difference may be 

partially due to .the relative position of the transmitter and receiving 

units which could possibly have caused a difference in the recorded eleva

tions. A sounding trace was recorded both in test 3 and test 4 at a depth 

of about 31 ft; however, this trace appeared only w1 th sensi ti vi ty 

settings of 6 and 8 in teat 3 and only with sensitivity settings of 8 and 



24 

10 in test 4. A satisfactory explanation for this ant other differences 

noted is not available. 

Test 5 

4 3. For thie test the check bar was held in an almost vertical 

poeition on the right aide of the boat. The left supporting chain was 

submerged 40 ft and the right chain was submerged 10 ft. Five runs were 

made with the sensitivity control eetting varied from 4 to 10. 

44. Results of test 5 are show on plate 5· With a sensitivity 

set tins of 4, only one discontinuous and irregular band of markings indi

cating the lake bottom was recorded. This band became heavi&r when the 

sensitivity setting was increased to 5 but it still remained the only 

marking on the graphic chart. In run 3 with a setting of 6 on the 

sensitivity control, the soundinea reference datum was recorded together 

with a well-defined continuous line indicatine the lake bottom. As the 

sensitivity setting was increased further to 8, discontinuous markings 

were recorded at depths of 14, 21, 29, and 32 ft • The trace at 29 ft 

is fairly close to the depth of the point of intersection of the left 

chain and the right aide of the theoretical sound cone. When the sensi

tivity control setting was increased to 10, the band of markings at a 

depth of 14 ft became better defined, but the other intermediate trac

ings were decreas~d in intensity. In this last run the soundings 

reference datum disappeared. It should be noted that in this teet, the 

markings appearing below the trace indicating tbe bottom of the lake 

appear to decrease in elevation with increase in the sensitivity 

set tine. 
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Test 6 

45 • Test 6 waa identical to teat 5 except that the length of chain 

submerged on the left was increased fran 40 ft to 50 tt. Four runs were 

made in this test with the sensitivity setting varied fram 5 to 10. 

46. Results of this test are presented on plate 6. It can be seen 

:tram a canparison of these results with those shown on plate 5 that in

creasing the length of the submerged chain while 1aaeping the check bar in 

very nearly the same vertical position had no appreciable effect on the 

recorded mark1 nge. The soundinss reference datum and the lake bot tom 

were clearly indicated in the first run with the sensitivity control set 

at 6. Several diecontinuous and irresular markings between the traces 

showing the soundinss reference datum and the lake bottom were produced 

with sensitivity settings of 8 and 10. 

Test 7 

4 7. Test 7 was conducted for the purpose of dete:nnining the accu

racy of the echo sounder in measuring the depth of a deeply-submerged 

sloping surface and the effect such slope would have on the record ob

tained. In this test the check bar was suspended directly underneath the 

oscillator with the left supporting chain submerged 40 ft and the right 

chain submerged 50 ft. Only one run was made, and tho sensitivity control 

was set at 6. 

48. The results of teat 7 are shown on plate 7. The soundings 

reference datum is clearly defined but the lake bottom is indicated rather 

indistinctly as beine at a depth of about 50 tt . It will be noted that 

the left or upper end of the oheck bar is . indicated by tracing~1f ~um 
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intensity at a depth of about 41 :rt or 42 tt. The right or dee:per end of 

the bar is not discernible on the graphic chart; it is believed that this 

end was reeting on the lake bottom and the markings may have bean super

imposed on those denoting the bottan of the lake. Traces recorded between 
I 

depths of 16 ft to 22 ft probably are reflections from the supportins 

chains, but they do not appear to have any spacial significance. 

Test 8 

49. In conducting test 8, the slope of the check bar was reversed 

from that of test 1 and the depth of submergence we decreased. The bar 

was suspended directly underneath the oac illator w1 th the right supporting 

chain submerged 30 ft and the left chain submerged 40 ft. The sensitivity 

control for this teat waa set at 6. 

50. The results of this test are presented on plata 1. The sound

ings reference datum and the lake bott011 are fairly wall defined on the 

graphic chart. In addition, well-defined traces denotinS the ends of the 

check bar appear at depths of 29.6 ft and 41.0 ft. Additional markings 

were recorded at depths of 14.0 ft and 17.5 ft and probably are reflec

tions from the supporting chains; the difference in these reflections ob

tained in tests 1 and 8 is probably due to the difference in the positions 

of the chains with respect to the oscillators. 

Chain Testa 

51· In the next series of tests a light -weight porch chain was 

suspended vertical 1 y from the sounding vessel and lowered to various 

depths • IAlring these teats 1 the boat motor was turned off and the boat 
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allowed to drift in order to eliminate the possibility of interference 

tram vibration of the boat or noise of the engine. 

Test 9 

52. This test was conducted to determine the effect of using the 

echo soun~r near a. vertical cable or other vertical ob jecta. The light-

weight porch chain was suspended vertioaJ.ly from the right side of the 

drifting boat and four runs were made with the chain submerged for lengths 

varying from 0 :tt to 40 ft below the lake surface. A sensitivity control 

setting of 8 was used for all four runs. 

53· Plate 8 shows the results Of this test. In each run the sound-

ings reference datum and the lake bottom were recorded as heavy wall

defined traces. With the eha.in submersed 40 ft traces appeared at depths 

of 19, 23, and 36 tt . The traces obtained at depths of 19 ft and 23 ft 

ware definitely reflections from the chain, aince these traces disappeared 

in run 2 when the chain was withdrawn. In run 3 the chain was submerged 

for a length of 10 ft and a discontinuous band of markings appeared on 

the graphic chart at a depth of about 17 ft. Lowering the chain an addi

tional 10 ft in run 4 caused a band of soundings to appear at a depth of 

15 f't and a. discontinuous and sloping band of soundings to appear at 

about 21 f't. No logical explanation can be offered for these tn-egular 
• 

reflections from the chain. The faint markings recorded at an indicated 

depth of 36' f't were not affected by the variation in position of the chain 

and may be a multiple echo :from the lake bottom. It should be noted that 

the chain extended into the theoretical. sound cone only in the first run 

at a depth ot approximately 32.5 tt. 
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Test 10 

54 • During thie test, the chain was maintained in one position and 

the sensitivity setting varied from 4 to 10. The chain wae sust::endad on 

the right side of the boat to a depth or 40 tt below the water surface. 

55. The results of this test are shown on plate 9. In each run 

the lake bottan was clearly indicated at a depth of about 42 i't. The 

soundings reference datum, however, was not recorded in runs 4 and 5 when 

the sensitivity setting was reduced below 6. With a sensitivity setting 

or 8 (run 1) irregular and discontinuous sounding marks ware recorded 

between depths of 10 ft and 15 ft, and a fairly regular band of soundings 

appeared at a depth of about 19 ft. It should be noted that although the 

conditions in run 1 ot this test were the same as those for run 1 of test 

9, described above, the results were somewhat different. Increasins the 

sensitivity setting to 10 produced faint bands of markings a.t depths of 

12, 14, and 18 :rt and a heavier band at a depth of 35 ft. Decreasing the 

sensitivity setting to 6 and below caused all traces between the sound

ings reference datum and the lake bottom to disappear. The results or 

this test indicated that the markings recorded at a depth of 19 ft in run 

1 e.nd at a depth of 35 ft in run 2 were reflections from the chain with 

the latter trace apparently marklns the depth of the point of intersection 

of the chain and theoretical sound cone. No reasonable explanation can 

be offered for the other recorded markings. 

Test 11 

56. In this test the chain "W6s suspended in the water so as to 

form a catenary directly underneath the oscillator. The total length of 
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submerged chain was 30 :t't and the maximum depth below the water surface 

at the deepest part of the loop was 10.4 ft. The poai tion of the chain 

remained the same during this test and the sensitivity control setting 

was varied from 6 to 10. 

57. The results ot this teet are show on plate 10. With the 

sensitivity control set at 6 in run 1, the chain was lowered into posi

tion underneath the oscillator. A band of marldnss was recorded on the 

graphic chart at an indicated depth of about 10 f't, and a less intense 

band of secondary markings was recorded at a depth of about 11.5 :rt. The 

secondary band of markings indicated a depth greater than the deepest 

part or the chain; whether the trace at 10 tt is the result of reflactiona 

from the center of the chain or the intersection of the chain with the 

theoretical sound cone could not be determined since the distance from 

the center of the oscillators to each point was about the same. The 

effect of the downward movement of the chain into position can be seen on 

the extreme left of these markings. As the sensitivity setting was in

creased to 8 the secondary markings noted above disappeared. The markings 

at a depth of 10 ft practically disappeared when the sensitivity setting 

was increased further to 10, but strays wra recorded between a depth of 

20 f't and the sounding marks indicating the bottom of the lake. The 

soundings reference datum and the lake bottom were clearly indicated 

throughout the teat. 

Test 12 

58._ This test was similar to test 11 except that the length of sub

merged chain was increased to 40 ft. The maximum depth of the chain below 
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the -water surface at the deepest part of the loop wae 16 .o ft • F1 ve runs 

were made with the chain in this position. The sensitivity control 

setting was varied from 4 to 10 during the teat. 

59 • The results of this test are presented on plate 11. In runs 1 

and 2 with sensitivity settings of 4 and 5, respectively, only irregular 

and discontinuous markings indicating the bottom of the lake were re

corded. When the sensitivity settill8 was increased to 6 in run 3, defi

nite sounding marks appeared at depths of 12 and 17 ft. Apparently the 

traces at a depth of 12 ft mark the intersection of the sides of the chain 

with the theoretical sound cone, and the marks at a depth of 17 :ft indi

cate the lowest point of the chain. These traces remained distinct with 

sensitivity settings of 8 and 10, but with the latter setting additional 

markinss of an iiTegular pat tern were recorded between depths of 21 ft 

and the lake bot tom. 

Lead-line Tests 

60. Iaad-line teats were conducted in Lake Ferguson in a manner 

similar to the check-bar and chain tests. The lead line used in these 

tests consisted of a section of 1.5-in. pipe 9 in. long filled with lead 

and attached to a length of graduated window sash cord. As in previous 

testa, the boat motor was tum.ed oft and the boe.t allowed to drift in 

order to eliminate vibrations from the boat and motor. 

Test 13 

61. For this test 1 the lead line was lowered overboard on the left 

side of the sounding vessel. Five runs were made with the bottom of the 



lead wight eubmerged to depths varyins from 12 ft to 30 ft below the 

water surface. The senaiti vity control was kept constant at a setting 

of 6. 
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62 • The results of the first lead-line test are shown on plate 12. 

With the bottom of the weight placed at depths of 12, 16, 20, and 25 ft 

below the water surface, markinss we• recorded on the chart at indicated 

depths of 15, 17, 20, and 24 ft, respect! vely. These markings are con

sidered to be definite reflections f'rcm the lead weight inasmuch as the 

downward movement of the wight is also indicated on the chart. Lowering 

the wight to a depth of 30 ft below the water surface caused the dis

appearance of all reflections from the lead line. It should be noted tha.t 

in runs 1 and 2 the indicated depths of 15 ft and 17 ft shown on the chart 

were below the actual positions of the weight, while in run 3 the indi

cated depth of about 20 !t was in close agreement with the actual depth 

of the lead wight • For the actual submergence of 25 ft in run 4, the 

indicated depth of the wight was slightly less. The only explanation 

that can be offered for not obtaining traces of the 30-ft submergence in 

run 5 is that, because of the smallness of the weight &nd its distance 

from the oscillator, the intensity of the echo was not sufficient to be 

recorded. The soundings reference datum and the bottom of the lake were 

recorded very distinctly in al 1 runs. It should be noted that the posi

tion of the lead line was such that it did not extend into the theoretical 

sound cone during any part of this test • 

Test 14 

63. This teat was s1m1lar to teat 13 except that the lead line was 



lowered on the right aide of the eoundine vessel and the sensitivity con

trol was kept constant at a settine of 5· Four runs ware made with the 

bottan of the lead wight submerged to depths varying from 18 ft to 30 ft 

below the water surface • 

64. The results of this test are presented on plate 13. There ware 

no markings recorded which could be attributed to reflections from the 

lead weight submerged to a depth of 30 ft. However, w1 th the weight sub

merged to depths of 20, 19, and 18 ft, markings were recorded on the chart 

at indicated depths of 22.5, 22, and 21.5 ft, respectively. It will be 

noted that decreasins the depth of su"tmergence of· the weight did not pro

duce can.para.ble chanees in the recorded soundings. The soundings refer• 

enoe datum and the lake bottom were indicated in each run. Aa in the 

previous test, the lead line did not extend into the theoretical sound 

cone at any time. 

65. A comparison of the results of this teet with those obtained 

in test 13 will show that, w1 th the weight lowered to a. depth of 20 ft 

below the water surface, the indicated depth on the graphic chart was 20 

ft for teet 13 (plate 12) and 22.5 tt for test 14. This difference is 

attributed to the reversal of position of the lead line and weight and 

the relative locations of the transmitting oscillator and receiver (one 

being located 1.5 ft to the right of the boat keel and the other being 

located 1.5 ft to. the left of the boat keel). 

Teat 15 

66. This test was a continuation of experiments with the lead line 

and was similar to test 13 except that the line was lowered overboard on 
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the left side of the boat at a point 5 ft forward of the oscillator. 

Thus the horizontal distance from the midpoint of the two oscillators 

(transmitter and receiver) to the lead line was increased from 9.0 ft 

(one-half beam width used in tests 13 and 14) to 10.3 ft. Five runs ware 

conducted with the weight submerged to depths varying from 10 ft to 27 

ft. The sensitivity control was maintained on a constant setting of 6. 

67. The results of this test are shown on plate 14. With the 

we~ submerged to a depth of 10 ft, tbera were no markings recorded on 

the chart which could be attributed to reflections from the lead line. 

Lowering the weight to depths of 20, 22, and 25 ft produced indicated 

soundings on the chart at depthts of 20.5, 22, and 24.5 ft, respectively. 

Further lowering of the weight to e. depth of 27 :rt caused the diaaptx:'ar

ance on the chart of all definite sounding marke between the soundings 

reference datum and the lake bottom. As in the previous teste the lead 

line did not extend into the theoretical sound cone. It should be noted 

from a comparison of the results of test 13 w1 th those of this test, that 

the indicated depths during this test for the 20-ft and 25-ft submergences 

of the lead weight wre somewhat greater than those obtained in the form

er test. This is attributed to the greater distance between the oscilla

tors and the lead weight • 

Pier Test 

68. In order to detennina the accuracy of the echo sounder in 

measuring depths adjacent to or near a vertical river bank or we.ll, 

soundinss .,.re taken near Pier 2 of the Mississippi River Bridge at New 

Orleans, Louisiana., with the sounding vessel movins away from and toward 



the pier several times. Horizontal distances were measured by means of a 

graduated cable attached to the ·bridge pier. 

Test 16 

69 • In the first run of this test the survey vessel was started at 

a point about 10 ft from the face of Pier 2 (distance measured from face 

of portion of pier above water to center of oscillator) and soundings 

were. recorded continuously until a distance of about 90ft from the pier 

face was reached. The course of the boat then was reversed in run 2 and 

again soundinea were recorded back to tbe starting point • 

70. Results of this teat are shown on plate 15. Inspection of the 

graphic chart and the resultant plot shows that, as the soundins vessel 

approached to within 20 ft or 30 ft o~ the pier, reflections were obtained 

from both the pier face and the river bottom. (Because of the range of 

the record chart and the phasing of the instrument, renections from the 

river bottom and from the face of the pier could not be recorded simulta

neously.) If the aha~ and position of the pier had not been known, it 

could not have been accurately detennined with the echo sounder. It should 

be ·noted that soundings obtained in run 2 with the sounding vessel moving 

toward the pier were within 1 ft or 2 ft ot the soundings recorded in run 

1 with the boat moving away from the pier; this difference can be attri

buted either to the boat being slightly off range or, since the vessel was 

moving at right aneles to the current, to the boat leaning toward one side 

goine toward ·the pier and toward the other side moving away from the pier. 

Test with Submersed Concrete Mattress 

71. One of the moat important phases of the field investigation was 
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to deter.mine the capabilities or the echo sounder in providing detailed 

information concerning the location and condition of articulated concrete 

revetment • S pee if'icaJ 1 y, it was des 1 red to determine the usefulness of 

the echo sounder as an aid in locating revetment, dete~ining its con

dition, and the condition of the underlying banks. For this part of the 

investigation teats were made on aeleeted ranges in Lake Ferguson near 

Greenville, Mississippi, where existing revetment was known to have been 

covered with silt and where ap9cial ma.t sections wen purposely installed. 

Teet 17 

72. The purpose of this test was to dete:nnina if a piece of revet

ment covered with sand and silt could be located and identified with the 

aid of the echo sounder. Accordingly a range was selected where it was 

known that an articulated revetment which was covered w1 th sand and silt 

existed. Tests were made by surveying the range several times with con-

etant and varying sensitivity settings. The location of the mat was then 

checked by means of a barge -mounted drill rig and samples of the over-

lying materials ware taken. 

73. A reproduction of the typical fe.thogrem and the results of the 

plotted croaa sections are shovn on plate 16. It can be seen from this 

record that no indications were obtained that the echo sounder could :pane-

trate the material overlying the concrete mattress or indicate the eleva-

tion of the mat underneath the overburden of sand and silt. The material 

overlying the concrete mattress consisted of approximately equal parts of 

sand, silt, and clay. Data on the density of the material fonning the 

overburden are not available because of the difficulty of obtaining 

• 

• 



undisturbed ee.mples; however, with the exception of a fairly hard crust 

over a portion of the bank which ie exposed to the weather during low 

water, the material appeared to be very loose. 

Test 18 

74. In the previous test it was dete:rmined that the section of 

mattress buried under a layer of sediment could not be located with the 

aid of the echo sounder. In the r1 ver, the bank is sometimes scoured or 

washed out from under the mattress, leaving 1 t suspended over a hole or 

hollow. In this test, it was desired to detemine if such holes and 

hollows under revetments can be located with the use of the echo sounder. 

In order to provide suitable test conditions, the suspended mattress was 

simulated by the construction of two sections of articulated concrete 

mattress supported on wooden frames. The first structure was made in the 

form of a flat -top table 4.5 ft high, 8 ft wide, and 12 ft long (see plate 

17); the other was constructed in the fom of an arch 4 ·5 ft high, 8 ft 

wide, and 24.5 ft lone (see plata 18). A range was then selected along 

which the structures ware submerged a:rter the range had been sounded with 

the echo sounder. The bottom of the lake along this range was almost en

tirely sand. The first or table-type structure was submerged in approxi

mately 30 ft of water and the second or arch-type frame was submerged in 

about 14 :rt of water. Tests were conducted by resurveying the range with 

the mat in place. Numerous test runs wre also made under varying con

ditions of sensitivity settings and with the survey boat either drifting 

or ·anchored over the mattress. These tests were also conducted with 

different operators handling the echo-sounder controls. 
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75· The results of thie test are shown on plates 19·21. It can be 

seen on plate 19 that the two submerged structures are plainly indicated 

on the graphic chart of the survey but that the leneth and shape of the 

mattress are greatly distorted with the degree of distortion increasing 

with the clapth. The total length of the table-type section is indicated 

as approximately 35 ft, whereas the greatest actual length between any two 

points on the mattress could not have been more than 15 f't. The maximum 

elevation of the structure was shown as 5 tt, which is fairly close to the 

actual height of the structure. Since the exact position the mat struc .. 

ture assumed after being released on the bottom of the lake was not lmown, 

the accuracy of the echo sounder, as tar as indicating the elevation of 

the structure is concerned, could not be determined; however, there is no 

reason to believe that the shoalest sounding indicated is not the true 

elevation of the highest point on the structure. Close exmn1nation of the 

results or this test revealed no indications that the echo sounder pene

tra.ted the concrete mattress to show the elevation and condition of the 

lake bot tom underneath the mattresses (see plates 20-21) • During sana of 

the runs made over the submerged structures, records wre obtained which 

appear to indicate the elevation of the lake bottom and that of the mat

tress. However, caref\\1 analyses of the records and of the principles of 

echo aoundine indicate conclusively that euch records are the results of 

echoes racei ved f~ points some distance apart. In other words, the 

echoes ~re received simultaneously from the lalre bottom to the side of 

the structure as well as tram the top of the structure. This is substan

tiated by the fact that the double sound.inss wra only obtained when the 

sound1ns vessel approached the edge of the mattress and when the vessel 



38 

passed over the oppoai te ed8e of the mattress. The exaggerated size of 

the mat as indicated by the sounding recorda is also attributed to this 

phenomenon • It can be seen from the analyses ehown on plates 17 and 18 

that echoes can be received from the top of the mat for same distance be

fore the sounding vessel passes the nearest edge of the mat structure and 

for same distance after it has passed the point directly over the opposite 

edse • This effect increases with increase in depth because of the greater 

spread of the sound cone • 

Tests of Miscellaneous Bottom Materials 

76. Theoretically, bot toms composed of different types of materials 

or materials having different degrees of consolidation are considered to 

record characteristic echoes. The hard bottoms should be recognizable by 

shorter and blacker markings. The longer and fainter trace from the soft 

bottom is attributed to the low density of the soft material which per.mits 

a certain penetration of the signalj echoes, therefore, would be received 

from various depths beneath the true bottom as well as from the true 

bottom. In this connect~on it was desired to determine the ability of 

the echo sounder to distinguish between ravetted and unrevetted areas. 

Test 19 

77. This ~eat consisted of sounding over various materials includ· 

ing concrete, sand, and silt. For the test on concrete, a ranee was sa

leeted over the sloping monolithic concrete pavement along the city front 

at Greenville 1 Mississippi. Ranges were also selected over the artificial 

sand beach just below the city wharf and over a known silted area in the 



northern part of the lake. The nature and extent of the silt deposit 

Selected in the northern part of the lake were detennined by means of a 

barge -mounted drill rig. In order to obtain a suitable comparison the 

sensitivity setting was maintained the same f'or each run. 

78. Typical sounding records obtained during this test are shown 
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on plates 22 -24 • It should be noted that it would be extremely difficult 

to distinguish between the record obtained over concrete and that obtained 

over sand. In tact, the depth of the trace along the portion of the slope 

aPJ?ears to be a little lese for the sand than for the concrete. The t~e 

obtained over the silt range appears to have a little more depth than 

either the sand or concrete range; however, the trace over silt appears 

darker than either of the other two. It should be particularly noted here 

that the trace indicating the soundings reference datum shows the same 

trends. Varying the sensitivity setting of the instrument did not produce 

any definite change in comparative results. There are included, for pur

pose of comparison, enlargements of typical records made while sounding 

over revetment and sand during teat 19 (see plate 24) , 

... 

Teat 20 

79. This teet was conducted on a re.nge across the entrance channel 

to the lake. This channel is shoaled periodically by sedimentation from 

the backwater of the Mississippi River and required considerable main

tenance dredging. Since the Mississippi R1 ver was rising during the 

period of the teat, conditions wre favorable for sedimentation. The 

range was sounded several times to insure that the records obtained were 

typical of existing conditions. Frozen-plug smnplea of the bottom were 
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taken and check sound.inss were made with a 10-lb cyclindrioal weight and 

a 12-volt portable-type echo sounder. The range was also ~ounded before 

and after the samples were taken. 

80. The results of the soundings taken during this test are shown 

on plate 25. It can be seen fran the graphic chart that three distinct 

layers of material are indicated in the dredge cut at depths of approxi

mately 38, 40.5, and 44 ft. Analyses of the frozen-plug samples indicated 

that the upper tw layers were in a liquid state with the contents of the 

first layer being 651 parts per million in suspension and 210 parts per. 

million dissolved, ae compared with 246 parts -per million in suspension 

e.nd 274 parts per million dissolved for the water sample obtained. near 

the surface. :Because of samplins difficulties 7 a complete analysis of the 

second and t!lird layers could not be made. The solid matter in the second 

layer consisted of 15 per cent very fine sand and the remainder silt and 

clay; the solid matter in the bottom layer consisted of 30 per cent fine 

and very fine sand and the remainder silt and clay. In probing with the 

10-lb lead -weight (flat bottom, 1.5-in. diameter) no resistance to the 

movement of the weight could be felt until a depth of about 44 ft below 

the water surface was reached, which is very close to the depth indicated 

tor the bottom layer. The material below the 44-ft depth was very sof't as 

indicated by the probing lead which sank about 9 in. from ita own ~ight • 

It should be :particularly noted hera that the degree of' consolidation is 

not imd1cated in a manner which would normally be expected. A careful 

examination of the soundins chart indicates the thickness of the reoordins 

band to be greater for the material foming the banks of the dra(}ee out 

then for materials between the indicated top and bottom layers, which 
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would tend to lead to the erroneous conclusion that the material forming 

the bank of the cut is in a state of lees consolidation than the material. 

in the bottom of the dredee cut • Soundinss made in the dredge cut w1 th a. 

12-volt portable-type echo sounder indicated that the elevation of either 

the top, middle, or bottom would be recorded depending upon the sensi

tivity set tins of the instrument; when recording the elevation of the top 

layer with the portable-type sounder, the soundins band recorded extended 

from the elevation of the top layer to below the elevation or the bottom 

layer with the intermediate layers e.Jmost impossible to distinsuish. This 

demonstration indicated clearly that the true depth of a channel under the 

above conditions would be difficult to date~ine with a. porta.bla•type echo 

sounder without same prior knowledge of existing conditions. 

Revetted Bank Test 

81. While conducting preliminary tests on the echo sounder at Reid 

Bedford Bend (Mis~iesippi River) revetment, secondary soundings or mark

ings showing two or more depths were recorded which could not be aatiafac

torily explained. In view of the infomation obtained during the pre

ceding tests, it was considered desirable to investigate this phenomenon 

and. to determine its etfect on the interpretation of the results. The 

p.trpos~ of this test vas to determine the characteristics of the aoundine 

recorQ. obtained in deep water near a typical r()vetted bank and to check 

the accuracy of the echo sounder under such conditions. 

Test 21 

82. This teat consisted of sounding along two established revetment 
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ranges (ranees 36 and 38) with the no-volt echo sounder during a high 

river stase and the makine of comparative surveys along another range 

(ranee 42) with the 110-volt echo sounder, the 12-volt portable-type echo 

sounder 1 and a 300-lb lead weight. The 110-volt echo sounder used for 

the latter teat was of a different type than that used for the other 

testa. The lead weight used for the test was streamlined and was handled 

by a specieJ ly designed mechanism operated by experienced personnel. 

83. Results of this teat are shown on plates 26-28. Inspection of 

the sraphic charts shown on plates 26 and 27 ahowa that where a material 

change in the slope is indicated there were recorded two lines of sound

ines cross ins each other rather sharply i this phenomenon is particularly 

noticeable at the point of maximum depth where the change in the slope is 

the greatest. Careful study of the recorda indicates that this is another 

example of echoes received from two or more points at different elevations 

on the r1 ver bottom. This occun-ence is demonstrated by the theoretical 

application of the principle of echo sounding to a given river cross sec

tion as shown on plate 29. In inspect ins this plate, consider the fact 

that echoes are racei ved from the outer edees of the projected sound cona 

where it coincidas with the bottom or ·vhe river. Tha echoes received 

from the loft edee of tba sound cone (starting at point A on the soundings 

reference datum) travel a much shorter distance than do the echoes re

caived from the ~ight edge until point R between A and R is reached where 

the conditions are reversed. Thus, on the basie of time of travel 

required, recorded markinss of echoes from the lett of the sound cone 

would indicate a shallower depth than those from the right of the cone 

until point R is reached when the reverse would becane true. It should 



be noted that the two lines connecting the plotted elevations of the 

echoes cross at a sharp angle s1m1la.r to those shown by the actual sound

ing record. ProJecting the echoes into a sounding chart produces a 

record similar to those obtained on ranges 36 and 38 (plates 26 and 27). 

84 • It will be noted on plate 28 that the lead -line soundings on 

the slopill8 bank showed consistently greater depths than did the echo 

sounders. This discrepancy could have been caused by a combination of two 

factors: first, tho tendency for lead-line soundings to show exaggerated 

depths due to bows in the line and other causes; and second, the spread . 

of the echo-sounder sound cone on the elcbping bank of the river, causing 

the instrument to record the elevation of a point somewhat higher up the 

bank than the point directly under the vessel. It is evident from compe.r-

ati va soundings with the lead line and the echo sounder, as well as from 

application of the principles of the echo sounder, that the latter instru-

ment will sive ·neither the actual location nor the actual depth of the 

deepest point at the toe of a steep slope • It will also be noted on plate 

28 that the lead-line soundings show shallower depths than do the echo 

sounders on' the river bottom past the toe of the bank slope; this discrep-

ancy is not tully understood, and no satisfactory explanation thereof can 

be offered. 

Special Test 

85. ~n connection with the test of the suspended mattress (test 

18), a similar experiment was conducted by the Memphis District, CE, at 

Porter Lake, Arkansas. The echo sounder used for this test was the 

Simplex Depth Finder, 110-volt model F.S-1000, manufactured by the 
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International Projector Corporation. Tbe transmitter and receiver units 

were outboard mounted on the survey boat. This test was conducted by 
-

mooring two barges in a fixed position approximately 20 ft apart with the 

survey boat moored in between the barges. The teat section consisted of 

n1na .sla:t>s of standard articulated concrete revetment supported rigidly 

by 4- x 4-in. timber beams placed near each edse. The blocks ware 4 ft 

long and spaced approximately 1 in. apart; the teat section therefore was 

approximately 4 ft by 11 ft. With the use of block and tackle rigging, 

tbe teat section was lowered to the ri var bottom and the survay boat moved 

into a poai t1on approximately over the mattress. Before starting the 

teste, the echo sounder was first checkad with the standard chack bar. 

During this teat, the survey boat was held in a fixed position with 

mooring lines and the mat section moved except as noted below. During tha 

first phase of the test, the mat was raised to a 5-ft depth and than 

lQwered be.ck down to the bottom while the sounder was in operation; no 

attempt was made.to locate the position of the mat horizontally with 

respect to tha oscillator. In the second phase the mat wa.a raised to 

about 3-1/2 ft below the water surface and was maneuvered into such a 

position that tbe oscillator unit was centered over the width of the 

mattress and about 2-1/2 ft from one end. The position of the mattress 

in relation to the oscillator was maintained by using two poles fastened 

to tbe outer two corners of the mattress. In this manner the mattress 

vas lowered to the bottom of the river with the machine recording the 

various depths. The second phase was then repeated except that the boat 

vas moved about two feet so as to place the oscillator in a vertical line 

near the end of the mattress • 



86. During the first phase of thie experiment the lowering and 

raisins of the mat were clearly indicated ae well as the laka bottom. In 

the second phase with the oscillator positioned near the center of the 

mattress, the river bottom was not recorded, regardless of sensitivity 

setting. When the second phase was repeated with the position of tbe 

oscillator near the end of the mat, the record showed the elevation of 

both the mattress and the bottom. Analysis of tbe results of this test 

~ndicates that at no ttme did the echo sounder penetrate the cone rete 

mattress. Where the recorder indicated both the mattress and the river 

bo~tam it was evidently the result of reflections received from two 

points some distance apart horizontally but within the cone of sound pro

Jection as indicated when the oscillator was moved directly over a point 

near the end of the mat • 
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PARI' IV: DISCUSSION OF RESULTS 

87 • In order that the results of the teats on the echo sounder may 

be proJl6rly analyzed it is essential that the principle upon which it 

operates be clearly understood. It must be borne in mind that although 

sound in the higher frequencies is directional in nature, it is projected 

in the form of a cone with an apex angle of approximately 30 to 35 

degrees. The theoretical apex angle of the sound cone on the instrument 

used most extensively during this investigation was computed to be as 

much aa 35 degrees (see paragraph 31); the base of the cone is the river 

bottom. The area covered by the base of the cone increases with increase 

in depth, increase in slo~, and irregularity of the bottom. Sound re-

flectiona may, therefore, be received from all pointe within the area 

covered by the base of the cone. 

88. In goneraJ., the results of the teats conducted during this 

investigation checked closely the results which would nor.mally be expected 

from the theoretical application of the principles of echo sounding with 

the followins exceptions: 

a. The apex angle of the sound cone on the instrument used - was indicated to be greater than the 35 degrees computed. 
This indication is baaed on the results of the chain and 
lead-line testa (paragraphs 53 and 62). It was noted dur
ing these tests that definite reflections were obtained 
from the chain and lead line when they did not extend into 
the projected sound cone. In some instances reflections 
were obtained when the nearest object was as lDUCh as 5 to 
8 ft from the edge of the sound cone. 

b. A possible neutral area f'rcm which no reflections are re
- eel ved is indicated near the center of the sound cone· 

This indication is based on the results of the check-bar 
teats (pe.rasraphs 41 to 44) and the comparative teet be
tween the lead line and the echo sounder (paragraph 84) • 



It should be noted that in the tests with the sloping check 
bar no reflections ware obtained which indicated the eleva
tion of the center point of the bar. The theoretical 
application of the principle of echo sounding to a typical 
river erose section, aesnm1ng that echoes are received 
from the ed8es of tha sound cone (paragraph 83, plate 29), 
produced a record vary similar to the actual record ob
tained in the river dnrins teat 21 (plates 26 and 27) • In 
the latter teat, it was noted that the elevations obtained 
vi th the echo sounder to the left of the steep slope were 
lower than those indicated by the lead line. As can be 
seen from the theoretical analysis described in paragraph 
83 and shown on plate 29, depths greater than those actual
ly existing can only be obtained when reflections are re
ceived from pointe soma distance from the center of the 
base of the cone. It would be theoretically im.:poaaibla 
for an instrument in proper adjustment to show depths 
greater than those actually existing if reflections are 
received from the center of the base of the cone. Results 
of test 1, where the bar was held horizontal, tend to 
refute the above indication since the actual depth of the 
check bar was closely indicated. It should be considered, 
however, that if a neutral area existed as mentioned above, 
the resulting error could be partially compensated for by 
the adjustment for velocity of sound in water and the 
adjustment may account for the slight discrepancies ob
tained with the eheck bar at different depths. The fact 
that the elevation of the point of intersection of the 
sound cone w1 th the submerged object was closely indicated 
tends to substantiate this theory. 

89. As described in paragraph 23, when sounding near a eloping 

bot~am, the ahoalest sounding registered will not be a reflection from a 

point directly below the vessel ~ut from the nearest point within the 

cone of projection which is higher up the slope and same distance away 

horizontally. A practical demonstration of this occurred 1n teat 21 (see 

paragraph 83) ~ It can be seen from this test that neither the true loca

tion nor the true depth of a point at the toe of the bank slope is 

correctly indicated. The amount of en-or which may be caused by a sloping 

bot tom is shown on plates 30 and 31. Where the slope of a bank or bottom 

is known, the true depth can be determined mathematically by the 

• 
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application of the for.mula shown on plate 30, or graphically by the 

method shown on plate 29. When soundings are taken over irregular areas, 

it is practically tmpossible to correct the echo-sounder profile, since 

it is made up of echoes reflected frammany points on the bottam within 

the effective cone through which the sound is radiated. 

90. As shown in teat 20 it is possible for the echo sounder to 

delineate different layers of materials in a liquid state, but the true 

nature of the material would be difficult to determine. No results were 

Qbtained, however, which would indicate that the echo sounder is capable 

of penetrating materials such as consolidated silt, sand, clay, or 

articulated concrete to show their extents or locations. Theoretical 

consideration of the characteristics and properties of sound also indi

cates that such penetration is extremely unlikely (see paragraph 24). ·It 

is theoretically possible from the echo-sounder record to distinguish be

tween a hard and soft bottom; however, such information would be extremely 

unreliable, particularly where the r1 ver bottom and banks are irregular • 

Hard bottom may be recognized by a shorter and blacker mark than soft 

bottom. The longer and fainter trace obtained over a soft bottom is 

attributed to its low density which permits a certain penetration of the 

sound and therefore echoes are received from the true depth and various 

depths underneath. It should be considered that a smilar trace can be 

obtained when sounding over an irregular bottom or near steep slopes, 

since echoes can be received from widely scattered points within the 

sound cone and thereby indicate a relatively wide range of depths • 

91. In the testa with suspended mats it was demonstrated that the 

exact location and shape of foreign objects would be difficult to 



detennine from the results of echo sounding alone. Because of the spread 

of the sound cone, particularly in deep water, reflections may be re

ceived from the object for some distance before the oscillator passes 

directly over the object. For this reason, it is difficult to determine 

the location and profile of a vertical or nearly vertical object. 

Theoretically, it is not possible for en echo sounder to record an accu

rate trace of a vertical bank or object. The record will either show a 

continuous but sloping trace, as in the case of the flat-top mat struc

ture (test 18), or two separate lines, one above the other, as in the 

case of the test near the Mississippi River Bridge (test 16). The trace 

or profile shown on the record is not an indication of the true profile 

since the slope of the record is dependent upon the amount of exaggeration 

of the vertical scale, rate of chart feed, and the speed of the sounding 

bo~t. Slopes that appear nearly vertical from. .the sounding chart may 

have been taken over a relatively flat slope. Theoretically, it is 

possible to obtain a continuous record from adjoining depths while passing 

over a shoal or mound on the bottom., if the horizontal djmension of the 

shoal or mound is leas than that of the cone of the transm1 tted sound 

where it meets the bottom. Such a record may indicate erroneously that 

the instrument has penetrated the shoal or mound and indicated the eleva

tion of the bottom under the shoal.. Such a record may also be erroneous

ly interpreted a·s indicating that the shoal consists of unconsolidated 

material of low density. Similarly, when sounding over a depression, re

flections received from the sides (or from outside) the depression might 

erroneously indicate a layer of silt in the depression. In the case of 

the results obtained in test 20 (plate 25), careful analysis of the 
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results will indicate that such a condition was not likely since the 

width of the channel was much greater than the spread of the cone. How

ever, if the submerged mattress in test 18 had been smaller or the depths 

greater it would have been possible to obtain a record which indicated 

the mattress a.nd a continuous trace of the bottom; the latter would b~ 

the result of reflections from the bottom to either side of, rath~r than 

from under, the mattress. 
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• 
PARr V: CONCWSIONS 

92. Because of its ability to measure accurately, rapidly, and 

economically the depths of water under nor.mal survey conditions, the echo 

sounder has become indispensable as a hydrographic survey instrument. 

However, it must be recognized that the instrument has certain inherent 

characteristics and limitations which, if not properly understood and 

evaluated in using the instrument and analyzing its record, can lead to 

significant errors. Probably the greatest limj tat ion of the echo sounder 

results from the amount of spread of the cone of sound radiation. Failure 

to recognize :fUlly the significance of the effect of the spread of the 

sound cone, and the fact that it is possible to receive reflections from 

any point within the cone whether on or above the bottom, or t.o the 

front, rear, or side of a vertical line directly underneath the oscilla

tor, has led to much controversy regarding the accuracy and capabilities 

of the echo sounder and the interpretation of its records. 

93. In general, the behavior of the echo sounder is in accordance 

with what would nor.mally be expected from a theoretical analysis of its 

principle of operation. Of particular importance in obtaining a river 

erose section near a relatively steep bank is the fact that, in every 

known case where comparative surveys between the lead line and the echo 

sounder were ma.de,. the echo sounder recorded shallower depths on the steep 

slopes and failed to define the true depth or location of the point of 

maximum depth. 

94. Determining the nature and condition of the bottom from an 

interpretation of the records alone is extramely unreliable because of 
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the many factors which can affect the echo-sounding records, some of 

which are as follows: 

a. - Sound cone effect. Because of the spread of sound cone in 
areas of irregular bottoms, the reflected echo is often 
registered indistinctly, or the echo may be received from 
a multitude of depths scattered along the scale, only ona 
of which may indicate the true depth. 

E.• Fallllty operation of instrument. It should be considered 
that the instrument will OJ;Jerate even when not in good ad
justment. An instrument which is not in good operating 
condition may indicate conditions which do not actually 
exist. For instance, a sudden sharp peak in the record 
may be caused by the momentary sticking of the governor 
contacts of the motor. A sudden sharp depression or eleva
tion in the record of the bottom may be caused by a sudden 
shift in the transmitting contact due to looseness in the 
locating pin or shifting of the phasing head. Insufficient 
pressure of the stylus will sometimes cause the instrument 
to record intermittently or to record faintly. Poor con
tacts in one of the several mechanical contacts may cause 
no signal. to be recorded or the recording of a ragged trace. 

~· Effect of sensitivity adjustment. It is generally empha
sized that the echo -sounding instruments be operated as 
much as possible at a constant sensitivity setting. A re
adjustment of the sensitivity setting alters the position 
of registration on the depth scale and improper adjustment 
of the sensitivity setting may produce a faint record or 
excessive width of the recorded signal. Increasing the 
sensitivity gain excessively causes oscillation of the 
amplifier. 

It can be seen from the above that the appearance or intensity of the re-

cording of the echo sounder may be affected by several factors other than 

the hardness or texture of the rivor bottom. For this reason it i s not 

believed that the instrumont can be used to determine whether the river 

bottom recorded is mud, sand, mov1Il8 sand, clay, or any of the various 

types of revetment. 

95· Because of the limitations of the echo sounder when used near 

a relatively steep bank or over irregular areas it is not suitable for 
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making detailed and accurate surveys for detennining the condition and 

behavior of a revetted bank. This is particularly true because of the 

great and variable depths and the irregularities which usually exist near 

the toe of the revetment or where a disturbance has occurred in the re

vetted bank. 
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