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Abstract

Sewage sludge in the ocean has been detected using a modified 200 KHz 

acoustic echo sounder. The three-dimensional distribution of suspended 

material and its rate of diffusion have been determined after digital 

processing of data. Increased biological activity is apparently associated 

with the presence of sewage sludge. The detection of internal waves in 

30 m of water is reported.

Introduction

The short-term fate of sewage sludge dumped in the ocean is largely 

unknown due to the lack of real-time tracking techniques. Chemical sampling 

suffers from the inherent time lag between the time the sample is taken 

and the time the analysis is complete, the lack of knowledge as to where 

in the sludge cloud the chemical sample was gathered or, in fact, whether 

the sample came from the sludge cloud and not the adjacent waters. Ship

board measurements with a light beam transmissometer, whether towed or 

lowered, provide measurements along a horizontal or vertical line and require 

extensive sampling of the sludge cloud to provide a reasonably complete 

three-dimensional concentration map. The time required for such extensive 

sampling is probably long compared to the interval in which significant 

changes take place in a sludge cloud. This report describes the first use 

of a modified 200 KHz acoustic echo sounder detecting sludge dumped into 

the ocean, monitoring the sewage cloud over a period of several hours.

Objective

Guidance from meetings with the Physical Oceanography Laboratory, 

the Marine Geology and Geophysics Laboratory, and the MESA New York Bight 

Office helped determine the following objectives for the Sludge Tracking



Acoustic Experiment (STAX-1):

1. Show that sewage sludge dumped in the ocean is detectable 

acoustically.

2. Show that the space-time evolution of a sewage sludge dump may 

be followed by acoustic profiling.

3. Make estimates of particle concentration throughout the detectable 

sewage waste cloud.

4. Show that real-time acoustic profiling is a feasible guide for 

water sampling in the sludge dump area.

5. Make estimates of the residence time of the sludge material 

in the water column.

Field Method

In September 1975, as part of NOAA's New York Bight Project, a three- 

day pilot sludge tracking experiment was conducted aboard the NOAA ship 

George B, Kelez in the New York Bight sewage sludge area. An 80-watt,

200 KHz acoustic echo sounder with the receiver modified to give 100 db 

maximum gain and a 1 kilowatt, 20 KHz Lodar echo sounder were operated 

continuously throughout the three-day period. The detected signal from 

each system was tape recorded in analog form for later digitization and 

computer analysis. Paper strip chart recorders provided real-time data 

output from both systems. The transducer for each system was mounted in 

a streamlined towbody and towed at 2 m depth on opposite sides of the ship. 

The 200 KHz system had a beamwidth of 20°, and the 20 KHz had a beamwidth 

of 12° X 18°. Occasional water samples were obtained by conventional hydro

cast within and outside the sludge cloud. Particle size analysis for all 

water samples within one hour of capture was provided by a Coulter counter 

mounted on a vibration isolation-table, and profiles with expendable bathy-
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thermographs (XBT) and a lowered conductivity-temperature depth sensor 

were obtained. The water column was well mixed down to 18 m, with a 4°C 

(19-15°C) thermocline to the bottom at 25 m.

The Environmental Protection Agency prohibited all sewage sludge dumping 

for a 48-hour period so that an acoustic background survey could be made and 

water samples taken within the sludge dump area. During the next 24-hours 

(1000 EDST, 22 September to 1000 EDST, 23 September) the dumping was 

limited to specific ships, and the actual dumping was directed by the Kelez. 

After 1000 EDST, 23 September, conventional dumping procedures were resumed.

The first dump in the controlled period (from the Owls Head Sewage 

Treatment Plant) was made from 1045 to 1111 EDST in a 3 km line from west 

to east in the sludge dump area. The Kelez traversed the length of the 

dump several times by making a zigzag track at alternating 45° angles 

to the tanker's straight line dump. This fresh line dump was clearly visible 

on the paper recorder output of both 200 KHz and 20 KHz systems (fig. 15) 

and produced detectable acoustic return above background level throughout 

the water column (23 m), implying that some portion of the sludge sank to 

the bottom in 20 minutes or less. After one hour the sludge was no longer 

directly detectable by the 20 KHz system, although it was indirectly detect

able in that the system displayed the presence of many large point scatterers 

in the same regions where the 200 KHz system was still detecting sludge 

directly. It is assumed that the large point scatterers are fish or other 

types of highly mobile marine biota. Possible reasons for their presence 

will be discussed below. This line dump was tracked for an hour and forty 

minutes with good signal on the 200 KHz system when the Kelez departed 

for another dumping event. When this line dump was 4 hours old,it was 

traversed again and was still detectable.

At 1450 EDST in the controlled period, a sewage tanker dumped its
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entire contents (from Nassau County Bay Park Sewage Treatment Plant) at 

one location. Many transects of this dump were made over a period of 

two and a half hours. During this time the dump mass was observed to move 

slightly northward with the upper portion becoming displaced further to 

the north relative to the lower portion, indicating the presence of a current 

shear (winds were from 170° at 6 knots). As with the morning line dump, the 

20 KHz system no longer gave detectable acoustic return from the sludge 

after approximately 1 hour, although the higher concentration of point 

scatterers, thought to be fish, was present during the entire tracking 

period.

Additional sludge dumps were tracked after dark on 23 September, 

but the background acoustic scattering throughout the water column was 

significantly increased, presumably due to nocturnal migration of uniden

tified biota from the bottom. This made detection and tracking of sludge for 

periods of greater than 2 hours impossible. The increased background scat

tering level was evident on the 200 KHz system in the form of continuous 

signal amplitude. The 20 KHz system showed the water column to have become 

densely populated with point scatterers of the same sort observed in the 

regions of sludge earlier in the day.

The nature of the objects responsible for the high concentration 

of point scatterers observed in the sludge cloud on the 20 KHz records is 

not known. Point scatterers observed were not concentrated at the dumpsite 

before introduction of sewage, but congregated rapidly, usually within 10' 

minutes after the dump. However, it seems reasonable to speculate that 

the point scatterers, because of their apparent high mobility and affinity 

for the nutrient-rich sewage cloud, are either marine biota or are vertically 

transported aggregates formed by flocculation of sewage particles when they 

are introduced into the water column. A continuous layer with a high
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concentration of point scatterers was also observed to "rise" from the bottom 

in an area to the west of the dumpsite soon after sunset. Such behavior of 

point scattering objects is reminiscent of the response of the deep scattering 

layer to the day-night light cycle.

The basic quantity measured in this experiment is the magnitude of 

the received acoustic signal at the face of the acoustic transducer. Using 

certain reasonable assumptions, which are stated below, estimates have 

been made of the acoustic scattering strength per unit volume. A fundamental 

assumption is that the acoustic scattering strength per unit volume is 

related (perhaps proportional) to particle concentration. This kind of 

assumption is often made in optical studies of particle concentration.

In the present paper, it is assumed that the acoustic scattering strength 

per unit volume is an indicator, but at present a poorly defined one, of 

sewage particle concentration. Portions of the acoustic records from the 

20 KHz and 200 KHz systems shown in figures 2 through 7 illustrate the clarity 

with which sewage sludge was detected. Figures 2, 3, and 4 are passes over 

the 1045 EDST line dump. Figures 5, 6, and 7 are passes over the 1450 

EDST spot dump. Figure 1 is a map showing part of the ship track over 

the spot dump and indicating the sludge cloud boundaries.

Laboratory Methods

The Ocean Acoustics Laboratory has the capability of digitizing 

acoustic data (analog tape recording) on the PDP 11/40 computer system.

Figure 8 is a computer plot of unprocessed acoustic return as a function 

of depth (bottom occurs at 23.5 m) in the line sewage dump. The strip chart 

record corresponding to this profile is shown in figure 3 at 1200 m 

distance (200 KHz system). Plots of scattering strength per unit volume 

as a function of time from the data recorded on magnetic tape were obtained
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from digitized portions of the 200 KHz data from the sludge event. Averages 

of successive ten-second time intervals yield profiles of acoustic return 

which are reasonably noise-free and represent a sampling interval of 

approximately 20 m along the ship's track. Since the acoustic beam is essentially 

conical, the intensity of the transmitted pulse and subsequent echo decreases 

as the square of the depth of the acoustic reflector. Therefore, it is 

necessary to multiply the ten-second averaged profiles by the square of the 

depth to give profiles of actual scattering strength per unit volume as 

a function of depth. To estimate how much scattering was due to the sludge 

alone, the profile of averaged scattering strength per unit volume just 

outside the sludge dump was subtracted from each averaged profile obtained 

along the ship's track within the dump region. For each transect of a 

dump region, the value of net scattering strength per unit volume due to 

sludge can be estimated at a prescribed depth plotted as a function of distance 

through the sludge clouds.

The scattering strength at 14 m depth for 3 crossings of the morning line 

dump calculated as described above is shown in figure 16. The progressive dis

placement of the scattering curves in figure 16 along the abscissa represents 

the southerly drift of the sludge cloud during the tracking period. The 

result of the profile in figure 8, after being processed, is shown in figure 9 

(the large signal excursion at the bottom of these profiles is an artifact 

of the processing and should be disregarded). The profile in figure 9 

is a relative measure of particle concentration increases near the bottom 

whereas the signal manifested on the strip chart and in figure 8 decreased 

in intensity toward the bottom.

A sequence of profiles, processed as above, has been made for each 

of three passes through the same portion of the 1045 EDST line dump.

The value of each of these profiles was noted at two particular depths and
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plotted as a function of horizontal position on the transect through the sludge 

cloud. The results of the transects, spaced approximately 30 minutes apart, 

are shown in figures 10, 11, and 12. In these figures the distance scales 

serve only to show the horizontal dependence of particle concentration and 

do not relate to each other because the entire sludge cloud was moving south

ward and was found at a different location on each transect. Appendix E is 

a collection of these profiles. A negative particle concentration implies 

only that the signal at that position and depth deviated below the average 

background level outside the cloud.* It is encouraging to note that the 

ratio of the peak concentrations, figures 10 to 11, and figures 11 to 12, 

are nearly the same as would be expected for equal time intervals along 

a diffusion process.

In addition, the time dependence of the width of the sludge cloud 

is not inconsistent with diffusion rates of dye streaks in the ocean as 

discussed by Bowden et al. (1974).

It should be mentioned that three observations, believed to be 

new, were made. The first is that the 20 KHz system shows biological 

activity, probably feeding, increased rapidly in the region of the sewage 

sludge cloud immediately after the dump. This activity persisted until 

the sludge had become very dilute. The second, shown in figure 13, is 

an internal wave packet seen on the 20 KHz system at 1200 m "distance" 

and 20 m depth. Apparently internal waves propagate into quite shallow 

water from the outer shelf or are generated nearshore by some mechanism.

The third, shown in figure 14 (20 KHz system), is the occurrence at sunset

*A particle concentration of zero (zero difference from background) 
corresponds to 0.7 mi 11igrams/1iter suspended material. Peak concentration 
in figures 10 and 11 are a few milligrams/liter. Water sampling was 
performed only once in the sludge due to fear of health hazard without 
specialized expertise.
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of a phenomenon similar to the rise of the well-known acoustic scattering 

layer. As seen in figure 14, the water column fills with fish (or other 

type of biota) rising into the water column from the shelf bottom.

Summary

Sewage sludge dumped in the ocean is acoustically detectable for 

several hours using commercially available equipment with a moderate amount 

of modification. The signal-to-noise ratio is higher during daylight, 

presumably due to the lower level of biological activity in the water column. 

The space-time evolution of a sludge dump can be followed by making regular 

traverses of the dump area, and the relative three-dimensional distribution 

of suspended material can be determined with digital processing. It is 

clear that chemical sampling for research or monitoring purposes could 

be accurately guided in real-time using acoustic tracking, because the 

sludge boundaries are easily discernible from the qualitative paper strip 

chart record alone. Estimates of the local horizontal diffusivity representing 

mixing and diffusive processes less than 100 m in scale may also be made.
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FIGURE CAPTIONS

Figure 1 Ship Track over the 1450 EDST dump with sludge cloud boundaries 
indicated.

Figure 2 20 KHz and 200 KHz acoustic echographs from passes made from
1100 to 1120 EDST over the 1045 EDST line dump.

Figure 3 Same as figure 2, but for passes made from 1130 EDST to 1150 EDST.

Figure 4 Same as figure 2, but for passes made from 1140 EDST to 1200 EDST.

Figure 5 20 KHz and 200 KHz acoustic echographs from passes made from 
1500 EDST to 1520 EDST over the 1450 EDST "spot" dump.

Figure 6 Same as figure 5, but for passes made from 1535 EDST to 1555 EDST.

Figure 7 Same as figure 6, but for passes made from 1625 EDST to 1645 EDST.

Figure 8 A computer plot of unprocessed acoustic return as a function
of depth in the 1045 EDST sewage line dump. Bottom occurs at 23.5 m.

Figure 9 Computer plot of data shown in figure 8 after processing.

Figure 10 Graph showing particle concentration (processed acoustic return) 
as a function of horizontal position for the 1108 EDST pass in 
the 1045 EDST line dump.

Figure 11 Same as figure 10, but for the 1138 EDST pass.

Figure 12 Same as figure 11, but for the 1212 EDST pass.

Figure 13 An internal wave packet as seen on the 20 KHz acoustic echograph 
circa 1200 m distance.

Figure 14 The evening rise of the biological scattering layer as seen 
on the 20 KHz acoustic system.

Figure 15 A comparison of 20 KHz and 200 KHz system responses to the 1045
EDST line dump, during passes at 1108 EDST, 1138 EDST, and 1212
EDST, respectively.

Figure 16 Data from figures 10, 11, and 12, projected along a north-south
line to show both dispersion and drift of the 1045 EDST line dump.
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SLUDGE TRACKING EXPERIMENT (STAX) 
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Figure 1. Ship Track over the 1450 EDST dump with sludge cloud 
boundaries indicated.
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HORIZONTAL PARTICLE CONCENTRATION PROFILE 
STAX-I (22 SEPT 1108)

200 KHZ (S2- B2) r2

DISTANCE (METERS)

Figure 10. Graph showing particle concentration (processed 
acoustic return) as a function of horizontal 
position for the 1108 EDST pass in the 1045 EDST 
line dump.

20



H
O

R
IZ

O
N

TA
L P

AR
TI

C
LE

 CO
N

C
EN

TR
A

TI
O

N P
R

O
FI

LE
 

ST
A

X-
I (2

2 S
EP

T 1
13

8)

GO CO
cr cr o

i

co
or
UJ
\—
UJ

Ul
o

< 
I— 
CO
Q

(SlINfl AdVdliadV) 
N0llVaiN33N00 310llUVd

OJ

cn

G
ra

ph
 sh

ow
in

g p
ar

tic
le

 co
nc

en
tra

tio
n (p

ro
ce

ss
ed

 ac
ou

st
ic

 
re

tu
rn

) as
 a 

fu
nc

tio
n o

f h
or

iz
on

ta
l po

si
tio

n fo
r th

e 
11

38
 ED

ST
 pa

ss
 in 

th
e 1

04
5 ED

ST
 lin

e d
um

p.

21



H
O

R
IZ

O
N

TA
L P

AR
TI

C
LE

 CO
N

C
EN

TR
AT

IO
N

 PR
O

FI
LE

ST
AX

-1
 (22

 S
EP

T 1
21

2)
20

0 
KH

Z (S
2-

B2
)r2

om
ro

Ooo

CO CO
cr cr
LU LU 
I- h- 
LU LU

CO oo 
co ro
H n 
X X 
I— \— 
CL CL 
LU LU 
O O

ooooooooo
n (D in ^ ro w - —

(siiNn Advanadv)
NOI1VU1N30NOQ 3"10l±dVd

oo
ro

O
inCVJ

CO
cr 

O Ld o I-CVJ Ld

Ld O O 2 
in <

co
Q

Oo

o
in

co
=3 CD O XI 
O 4-> 
rO

S-
~o o
CD 4- 
ir
co c 
CD O
O *i • 
O 4-> Q-
S- •>— E
Q- CO =3

—- o to
CL

C CD 
O I— c 

•I— ro •!—
4-> 4—> r—
rO C 

O I— 
4-> N OO 
C -r- Q
CD S- LU
u o
C _C LO 
O *3- 
CJ 4- O 

O f— 
CD
r- C CD
u or

•r- *' 4-5
4-5 4-> 
LUC
ro C *i—
Cl 3 

4— co 
cn co 
C ro ro 

•«- Q- 
^ CO
O roh

SZ 00 
CO •—- Q 

C LU 
_C S- 
CL 3 C\J 
rO 4-5 i— 
%- CD C\J 

CD S- ■—

CD
S-3
cn

•i—
Ll_

22



SL
U

D
G

E TR
AC

KI
N

G
 EXP

ER
IM

EN
T STA

X 
SE

PT
EM

BE
R

 23,
 197

5
08

50
-0

91
0L

~rrsi
CO
QC

N
X

o
CM

X 
I— 
CL 
LlIo

COcr
lx! 
I— 
LlI

M
XLLoo
CM

COx cr
I— LlI 
CL I- 
LJ LlI Q ^

-rx-:-,. : “■ •

T‘2 ?
'-'f-.'- r *

sT_: -
--L

- 3--:? ■

- I-*-

~ L:

; 2 s s #•

VfV

tf.j ■*
X-r :

rsi
X

o
o
CM

X 
I— 
CL 
LlJ Q

COcr
LlJ 
I— 
LlJ

COcr
LlI
I—
LlJ

LlI
O

CO
O

COcro

2
<
CO
LlI

cr
UJ

Fi
gu

re
 13

. An 
in

te
rn

al
 wa

ve
 pa

ck
et

 as 
se

en
 on

 the
 20

 KH
z a

co
us

tic
 ec

ho
gr

ap
h 

ci
rc

a 1
20

0 m
 di

st
an

ce
.

23



SL
U

D
G

E TR
AC

KI
N

G
 EXP

ER
IM

EN
T

ST
AX

 
SE

PT
EM

BE
R

 22,
 197

5 
19

04
-1

92
4L

N
X
X
o
o
OJ

COcn
CL I- 
LU UJ o "5

._ <
=fr; '

1 rrr! ■’ i
CM C£> O ^ CO

NJ
X

o
o
CM

X 
I— 
CL LJ Q

cn 
X 
UJ 
I— 
UJ

cn 
x
UJ
I—
UJ

UJ
u

CO
o

_l
CO
X
oN

<
<
CO
UJ

cr
LU

Fi
gu

re
 14

. The 
ev

en
in

g ri
se

 of
 the

 bi
ol

og
ic

al
 sc

at
te

rin
g la

ye
r as

 see
n 

on
 the

 20
 KH

z a
co

us
tic

 sy
st

em
.

24



SL
U

D
G

E
TR

AC
KI

N
G

EX
PE

R
IM

EN
T

ST
AX

 
SE

PT
EM

BE
R

 23,
 197

5

XM
X

o
00

N
X

Oooo

CL
UJ
O

E

N X N
X 1— X

Q_ <r
UJ 3 oo O

00 o O

D
IS

TA
N

C
E (

m
)

Fi
gu

re
 15

. A co
m

pa
ris

on
 of

 20
 KH

z an
d 2

00
 KH

z sy
st

em
 res

po
ns

es
 to 

th
e 1

04
5 E

D
ST

 lin
e d

um
p,

 
du

rin
g p

as
se

s a
t 11

08
, 11

38
, an

d 12
12

 ED
ST

, re
sp

ec
tiv

el
y.

 
 

 

00

25



E

L±J
O

<
C/)
O

Fi
gu

re
 16

. Data
 fro

m
 fig

ur
es

 10
, 11

, an
d 1

2,
 pro

je
ct

ed
 alo

ng
 a 

no
rth

-s
ou

th
 lin

e 
to

 sho
w

 bo
th

 dis
pe

rs
io

n a
nd

 dr
ift

 of
 th

e 1
04

5 E
D
ST

 lin
e d

um
p.

26



Appendix A

SHIP TRACK
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Appendix B

COULTER DATA

Identification of the analysis reads as follows:

Cl - S = Cast 1 Surface
Cl - M = Cast 1 Midwater
Cl - B = Cast 1 Bottom

Cast 1 (21001) 2304 EDT 21 September 1975
Cast 2 (22001) 0117 EDT 22 September 1975
Cast 3 (22002) 0305 EDT 22 September 1975
Cast 4 (22003) 0558 EDT 22 September 1975
Cast 5 (22004) 1432 EDT 22 September 1975
Cast 6 (23001) 0510 EDT 22 September 1975

Mass/Unit volume is written on each coulter record 
for that sample.
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Appendix C

SLUDGE DATA SUMMARY

These data were provided by the United States 
Environmental Protection Agency, Region II, 
Edison, New Jersey.
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Appendix D

COMPUTER PROCESSED ACOUSTIC DATA

The plots that follow are:
Scattering strength per unit volume (SIGNAL,) 

as a function of time from the data recorded 
on magnetic tape from the 200 kHz device. The 
records are 15 second averages representing 
approximately twenty meters along the ship's 
track. To estimate how much scattering is done 
by the sewage sludge alone, the averaged 
scattering strength per unit volume from just 
outside the sludge dump was subtracted from each 
profile. This background signal is included as 
the last figure.
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