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DESIGN OF FINE-GRAINED DREDGED

MATERIAL SEDIMENTATION BASINS

Raymond L. Montgomery, Ph.D., P.E.*

ABSTRACT

Sedimentation is an important process in the disposal of dredged

material generated from navigable waterways in the United States. The

sedimentation basins used in this disposal process are different from those

used in water and wastewater treatment in that the dredged material basins

must provide for sedimentation to achieve acceptable effluent water quality

while providing storage volume for several years of material dredged from

the local waterways. This paper presents a methodology for designing fine-

grained dredged material sedimentation basins. This methodology can also

be used for designing sedimentation basins for other slurries having high

suspended solids levels.

Settling tests performed in an 8-in.-diam. column were found to be

satisfactory for defining dredged material settling behavior. Settling

behavior in the freshwater environment' was best described by a flocculent

settling test, ~bile behavior in a saltwater environment was best described

by a zone settling test. The same settling columns were used for both tests

with only minor procedural changes.

Procedures are presented for designing new containment areas for

suspended solids retention and for evaluating the suspended solids retention

potential of existing containment areas during planned disposal activities.

Dye tracer studies indicated that a correction factor of about 2.25 should

be applied to design area and detention. times to compensate for the deviation

* Chief, Water Resources Engineering Group, USAK Waterways Experiment
Station, Vicksburg, Mississippi



from ideal or plug flow conditions.

INTRODUCTION

Confinement of dredged material on land has been a disposal alternative

used by the Corps of Engineers for a number of years. In more recent years

this practice has increased, and added requirements have been placed on the

solids retention capability of confined disposal areas. The confined dis-

posal  containment! areas used for both retention and disposal of dredged

material are simply sedimentation basins.

Sedimentation has been used far more widely than any other major pro-

cess for the removal of suspended matter from water. No doubt it is the

oldest process which has remained in continued use. The settling behavior

of suspensions has always been the key to the design of effective sedimen-

tation basins, and this factor has consequently captured the interest of

researchers in a number of fields. Extensive literature is available on

the subject.

Dredged material sedimentation basins are slightly different from

those used in water and wastewater treatment in that the dredged material

basins must provide for sedimentation to achieve acceptable effluent

quality while providing storage volume for several years of material

dredged from local waterways. Xn most cases, the amount of dredged material

storage required is probably the controlling factor in sizing a conventional

disposal area. Nevertheless, effluents from the large areas now in exis-

tence often have problems meeting the effluent requirements for suspended

solids. This shortcoming can be attributed to the non-uniform lateral

distribution of flows and short-circuiting currents that occur in most

dredged material containment areas. As a result of short-circuiting currents,

one section of flow is subjected to a different velocity from another. Since



sufficient detention time is not provided in this section, the effluent has

a higher solids level. This can be seen in aerial photographs of contain-

ment areas in operation. An example of a poorly designed containment area

is shown in Figure l. The flow in this containment area is essentially

overland flow resulting in significant short-circuiting. In addition, the

effective settling area appears to be reduced to about one half the diked

area because of a build-up of the coarse-grained dredged material. These

factors result in poor suspended solids removal as indicated by the tur-

bidity plume from the weir.

The ma!or problem is Chat very little is known about the actual sedi-

mentation process in dredged material containment areas. The hydrodynamic

problem of one particle falling through a fluid has been solved  Stoke's

Law!, and formulas have been developed by researchers to determine the fall

speed when the density of a part:icle is very small and their distance apart
/

is much greater than their size. In practice, dredged material is dis-

charged into the sedimentation basin at: concentrations averaging about

145 g/K. Because of this high concentration, it is believed that sedimen-

tation occurs under either flocculent or zone settling processes.

High density slurries have been observed near the surface of dredged

material sedimentation basins indicating that hindered settling occurs in

a significant portion of the water column. The velocity for hindered

settling is less Chan thaC predicted by theories based on discrete settling

because of the upward velocity of water displaced by the highly concentrated

slurry. A review of present practices indicates that many dredging disposal

operations cannot be undertaken on a continuous basis and still maintain

acceptable suspended solids removal levels. Where strict effluent suspended

solids limits are enforced, periods of interrupted dredging are common to

reduce the loading rate and provide time for particle settling. These



Figure l. Turbidity From Dredged Material Containment Area.



interrupted dredging operations usually result in increased overall

operational costs.

This paper provides procedures for designing fine-grained dredged

material sedimentation basins to provide adequate retention of suspended

solids so that required effluent suspended solids levels can be met. The

procedures described herein were developed by the author with funds from

the Dredged MateriaI Research Program, Environmental Laboratory, U. S.

Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.

CONCEPTS OF CONTAINMENT AREA OPERATION

Diked containment areas are used to retain dredged material solids

while allowing the carrier water to be released from the containment area.

The two ob!ectives inherent in the design and operation of a containment

area are:  a! to provide adequate storage capacity to meet dredging re-

quirements, and  b! to attain the highest possible efficiency in retaining

solids during the dredging operation in order to meet effluent suspended

solids requirements. These considerations are basically interrelated and

depend upon effective design, operation, and management of the containment

area.

The ma/or components of a dredged material containment area are shown

schematically in Figure 2. A tract of land is surrounded by dikes to form

a confined surface area, and the dredged channel sediments are. then pumped

into this area hydraulically. The influent dredged material slurry can

be characterized by suspended solids concentration, particle gradation,

type of carrier water  fresh or saline!, and rate of inflow.

In some dredging operations, especially in the case of new work

dredging, sand, clay balls, and/or gravel may be present. This coarse

material  more than half >No. 200 sieve! rapidly falls out of suspension
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Figure 2. Example of Dredged Material Containment Area.

near the dredge inlet pipe forming a mound. The fine-grained material

 more than half <No. 200 sieve! continues to flow through the containment

area with most of the solids settling out of suspension, thereby occupying

a given storage volume. The fine-grained dredged material is usually

rather homogeneous and is easily characterized.

The clarified ~ater is discharged from the containment area over a

weir. This effluent may be characterized by its suspended solids concen-

tration and rate of outflow. Effluent flow rate is approximately equal to

influent flow rate for continuously operating disposal areas. Flow over

the weir is controlled by the static head and the effective weir length

provided. To promote effective sedimentation, ponded water is maintained

in the area; the depth of water is controlled by the elevation of the weir



crest. The thickness of the dredged material layer increases with time

until the dredging operation is completed. Minimum freeboard requirements

and mounding of coarse-grained material result in a ponded surface area

smaller than the total surface area enclosed by the dikes. Dead spots in

corners and other hydraulically inactive zones reduce the effective surface

area, where sedimentation takes place, to considerably less than the ponded

surface area.  Gallagher, 1978!.

FIELD INVESTIGATIONS

Field investigations are necessary to provide data for containment

area design. The channel must be surveyed to determine the volume of

material to be dredged, and channel sediments must be sampled to obtain

material for laboratory tests. This part of the paper describes field

investigations required to obtain the necessary samples for laboratory

testing. The methods in common use for determining volumes of channel

sediment to be dredged are well known and do not warrant discussion here.

CHANNEL SEDIMENT SAMPLING

The level of effort required for channel sediment sampling is highly

pro]ect-dependent. In the case of routine maintenance work, data from

prior samplings and dredging activities can provide a basis for developing

the scope of field investigations. Grab samples are considered adequate

for sampling fine-grained sediments from maintenance dredging locations

 Palermo, et al., 1978!. Such samples are adequate for sediment character-

ization purposes and are relatively easy and inexpensive to obtain. An

evaluation of dredged material after being removed by the hydraulic dredge

indicated that grab samples were adequate to characterize the sediment

properties  Montgomery 1978!.

Research by Bartos �977! summarized equipment available for sampling



channel sediments. He concluded that there are two general classes of

sampling equipment available for use in sampling channel sediments - grab

samplers and tube samplers.

Petersen dred e. The Petersen dredge was found to be adequate for

most sampling needs. An example of this type of grab sampler being used

is shown in Figure 3. The Petersen dredge is a versatile sampler; it will

Figure 3. Petersen Dredge Being Used to Sample Channel Sediments.

sample a wide range of bottom textures, from fine-grained clays to sands.

The Petersen dredge samples 144 sq in. to a depth of about 12 in., depending

on the texture of the sediment. Tt can be seen in Figure 3 that the sampler

closes tightly, minimizing the loss of sediment and water upon retrieval.

The fine-grained sediment samples obtained with this type grab sampler are

considered to be representative of in situ moisture contents.



channel sediment samples. The water samples should be taken near the water-

sediment interface and used to determine the salinity of the sediment

environment. As will be discussed later, salinity levels play an important

role in the way sediments settle.

uantit of sediment sam les. The quantity of sediment required is

based on the amount needed for the laboratory tests. Enough sediment to

perform the necessary characterization tests and provide material for the

column settling tests should be collected from each established sampling

station. Five-gallon containers can be used to hold the sediment samples.

These containers are about the largest that can be handled efficiently.

Small samples of sediment should be collected and placed in 8-oz watertight

jars for water content and specific gravity tests. Care must be taken to

collect the small sediment samples that appear to be most representative of

the entire sample.

After the characterization tests are performed on grab samples from

each sampling station, the samples collected in the five-gallon containers

can be combined to obtain sufficient material for the column settling tests.

Sam le reservation. Samples should be placed in air- and watertight

containers and then in a cold room � to O'C! within 24 hours after sampling.

The organic content should be determined for each sample, and, if less than

about 10 percent, it is not considered necessary to have the samples remain

in the cold room. Below this organic content level, it is assumed that

little biological activity could occur that would affect subsequent testing.

LABORATORY TESTING

Laboratory tests are required primarily to provide data for sediment

characterization and containment area design. A flow chart illustrating the



complete laboratory testing program for sediment samples is shown in

Figure 4. Sediment character and requirements for sedimentation data

estimates will dictate which laboratory tests are required. Not. all

laboratory tests indicated in Figure 4 are required for every application.

The required magnitude of the laboratory testing program is highly project-

dependent. Fewer tests are usually required when dealing with a relatively

homogeneous material and/or when data are available from previous tests

and experience, as is frequently the case in maintenance work. For unusual

maintenance projects where considerable variation in sediment properties

is apparent from samples or for new work projects, more extensive laboratory

testing programs are required. Laboratory tests should always be performed

on representative samples selected using sound engineering judgement.

SEDIMENT CHARACTERIZATION TESTS

A number of sediment characterization tests are required before

settling tests can be performed. Visual classification will establish

whether the sediment sample is predominantly fine-grained. Tests

required on fine-grained sediments include natural water content, At-

terberg limits, organic content, and specific gravity. The coarse-

grained sediments require only grain size analyses. Water samples taken

from the channel should be tested for salinity to provide information

for use in performing the column settling tests.

SEDIMENTATION TESTS

Sedimentation, as applied to dredged material disposal activities,

refers to those operations in which the dredged material slurry is separated

into more clarified water and a more concentrated slurry. Laboratory

sedimentation tests must provide data for designing the containment area

to meet effluent suspended solids criteria and to provide adequate storage
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FigUre 4. Flow Chart of Recommended Laboratory Testing Program.



capacity for the dredged solids. These tests are based on the gravity

separation of solid particles from the transporting water.

The sedimentation process can be categorized according to three basic

classifications:  a! discrete settling where the particle maintains its

individuality and does not change in size, shape, or density during the

settling process;  b! flocculent settling where particles agglomerate during

the settling period with a change in physical properties and settling rate;

 c! zone settling where the flocculent suspension forms a lattice structure

and settles as a mass, exhibiting a distinct interface during the settling

process.

The important factors governing the sedimentation of dredged material

solids are initial concentration of the slurry and flocculating properties

of the solid particles. Because of the high influent solids concentration

and the tendency of dredged material fine-grained particles to flocculate,

either flocculent or zone settling behavior governs sedimentation in con-

tainment areas  Nontgomery, 1978!. Discrete settling describes the sedi-

mentation of sand particles and fine-grained sediments at concentrations

much lower than those found in dredged material containment areas.

Laboratory tests are necessary to characterize the sediment and to

provide data for containment area design. A flow chart of the laboratory

testing program recommended for providing design data is shown in Figure 4.

The recommended laboratory procedures discussed here are for characterization

of the dredged material sedimentation processes. They are based on results

from the extensive laboratory testing program  Nontgomery, 1978, 1979!.

The objective of running settling tests on sediments to be dredged is

to define, on a batch basis, sett1ing behavior in a large-scale, continuous-

flow dredged material containment area. Results of tests must allow deter-

mination of numerical values for the design parameters which can be projected

12



to the size and design of the containment area.

Sedimentation of freshwater sediments at alurry concentrations as high

as 175 g/R can be characterized by flocculent settling properties  Mont-

gomery 1978!. However, as slurry concentrations are increased, the sedi-

mentation process may be characterized by zone settling properties. The

settling column shown in Figure 5 can be used with procedural modifications

for both flocculent and zone settling tests. Salinity enhances the agglom-

eration of dredged material particles  Migniot, 1968!. The settling

properties of all saltwater dredged material tested during the study by

Montgomery �979! could be characterized by zone settling tests.

Flocculent settlin test. The flocculent settling test consists of

measuring the concentration of suspended solids at various depths and time

inter~als in a settling column. If an interface forms near the top of the

settling column during the first day of the test, sedimentation is governed

by zone settling and that test procedure should be initiated. Information

required to design a containment area in which flocculent settling governs

can be obtained using the procedure described below.

l. A settling column such as that shown in Figure 5 is used. The
test column depth should approximate the effective settling depth
of the proposed containment area. A practical test depth is 6 ft.
The column should be at least 8 in. in diameter with sample ports
at 1-ft intervals. The column should have provisions to bubble
air from the bottom to keep the slurry mixed during the column-
filling period.

2. Mix the sediment slurry to the desired suspended solids concentra-
tion in a container with sufficient volume to fill the test column.

At least two tests should be performed at the concentration selected
to represent the concentration of influent dredged material Ci.
Use the average detent'ion time computed from these tests for design.
Field studies indicate that for maintenance dredging in fine-grained
material the disposal concentrations average about 145 g/k.

3. Pump or pour the slurry into the test column using air to maintain
a uniform concentration during the filling period.

13



Figure 5. Schematic of Flocculent Settling Test Equipment,



4. While the column is completely mixed, draw off samples at each
sample port and determine the suspended solids concentration.
Average these values and use the results as the initial concentra-
tion at the start of the test. After the initial samples are
taken, stop the air bubbling and begin the test.

5. Allow the slurry to settle, then withdraw samples from each sampling
port at regular time intervals and determine suspended solids con-
centrations. Sampling intervals depend on the settling rate of the
solids � usually at 30-min intervals for the first 3 hours and then
at 4-hour intervals until the end of the test. The sampling times
can be ad!usted after the first complete test. Continue the test
until the interface of solids can be seen near the bottom of the

column and the suspended solids level in the fluid above the inter-
face is <1 g/k.

6. If an interface has not formed within the first day on any previous
tests, run one additional test with a suspended solids concentration
sufficiently high to induce zone settling behavior. This test
should be carried out according to the procedures outlined below for
zone settling tests. The exact concentration at which zone settling
behavior occurs depends upon the sediment being used to estimate the
volume required for dredged material storage.

Zone settlin test. The zone settling test consists of placing a slurry

Use a settling column such as that shown in Figure 5. Tt is impor-
tant that the column diameter be sufficient to reduce wall effects
and the test be performed at a slurry depth near that expected in
the field. Therefore, a one-litre graduated cylinder should never
be used to perform a zone settling test for sediment slurries
representing dredging-disposal activities.

2. Mix the slurry to the desired concentration and pump or pour it
into the test column. Test concentrations should range from about
60 to 200 g/k. Air may not be necessary to keep the slurry mixed
if the filling time is less than 1 minute.

3. Record the depth to the solid-liquid interface with respect to
time. Observations must be made at regular intervals to gain data
for plotting the depth to interface versus time curve. It is im-
portant to make enough observations to clearly define this curve
for each test.

15

in a sedimentation column and recording the fall of the liquid-solids inter-

face with time. Plot the depth to the interface versus time. The slope of

the constant settling zone of the curve is the zone settling velocity, which

is a function of the initial test slurry concentration. Information required

to design a containment area in which zone settling governs can be obtained

by using the procedure described below.



4. Continue the readings until sufficient data are available to define
the maximum point of curvature of the depth to interface versus
time curve for each test. The tests may require from 1 to 5 days
to complete.

5. Perform a minimum of eight tests. Data from these tests are re-
quired to develop the curve of zone settling velocity versus con-
centration.

6. One of the above tests should be performed on sediment slurries at
a concentration of about 145 g/R. The test should be continued
for a period of at least 15 days to provide data for estimating
volume requirements.

DESIGN PROCEDURES

The flow chart shown in Figure 6 illustrates the design procedures

recommended in the following paragraphs. The design procedures were

adapted from procedures used in water and wastewater treatment and are

based on field and laboratory investigations on sediments and dredged

material  Montgomery 1978!. Design methods for saltwater and freshwater

sediments are presented. Essentially the method for saltwater sediments is

based on zone settling properties, and the method for freshwater sediments

is based on flocculent settling properties.

The design procedures presented here are for gravity sedimentation of

dredged suspended solids. However, gravity sedimentation will not com-

pletely remove suspended solids from containment area effluent since wind

and other factors can resuspend solids and increase effluent solids con-

centration. The sedimentation process, with proper design and operation,

will normally provide removal of fine-grained sediments down to levels of

1 and 2 g/R in the effluent for saltwater and freshwater sediments, res-

pectively. If the required effluent standards are lower than this, the

designer must provide for additional treatment of the effluent, e.g.,

flocculation or filtration.



ANALYZE AVAILASLE
Pfi!OJECT DATA

PLAN S PERFORM FIELD RIVESTIGATIONS

TES

REDUCE AND
EVALUATE DATA

REDUCE AND
EVALUATE DATA

ADD PONDING DIPTN
ANO FREESOARD

Figure 6. Flow Chart of Recommended Design Procedures
for Fine-Grained Sediments.

17

PLAN 8 PERFORM
FLocCULENT a
ZONE SETTLING

TESTS

DETERMINE OETENTON
TIME REQUIRED FOR

SUSPENDED SOLIDS REMOINL

PERFORM LAbORATORY
CLASSIFICATON TESTS

F RE SIIVSAT ER
FINE GRAINLD

DillE NT S
7

COMPUTE VOLLIMK
REQUIRED FOR

COVTAINMENT OF
SOLIDS

RLCOMMI ND LONIAINMLNT
AREA DESIGN Fuk

SVSPE HOED sOLIDS RE TENTH!

PLAN 8 PERFORM
ZONE SETTI.ING

TESTS

DETERMINE AREA
REQuIRED FOR
SEDIMENTATION



DATA RE UIREHENTS

The data required to use the design procedures are obtained from field

investigations, laboratory testing, dredging equipment designs, and past

experience in dredging and disposal activities.

Estimate in situ sediment volume. The initial step in any dredging

activity is to estimate the in situ volume of sediment to be dredged.

Sediment quantities are usually determined from channel surveys on a

routine basis.

Determine h sical characteristics of sediments. Field sampling and

laboratory testing should be accomplished according to the methods discussed

by Palermo, et al. �978!. Adequate sample coverage is required to provide

representative samples of the sediment. In situ water contents of the fine-

grained sediments are also required. Care must be taken in sampling to

ensure that the water contents are representative of the in situ conditions.

The water content of representative samples, w, is used to determine the

in situ void ratio e. as follows:
i

 w/100!G

i ~S10D

where

w = water content in percent

G specific gravity of sediment solids
S

S = degree of saturation  equal to 100 percent for sediment!
d

A representative value from in situ void ratios is used later to estimate

volume for the containment area. Grain-size analyses must be performed to

estimate the quantities of coarse- and fine-grained material in the sediment

to be dredged.

Obtain and anal ze ro osed dred in and dis osal data. The designer

must obtain and analyze data concerning the dredged material disposal rate.

18



For hydraulic pipeline dredges, the type and size of dredge s! to be used

and the average solids concentration of the dredged material when dis-

charged into the containment area must be considered. If the size of the

dredge to be used is not known, the design must assume the largest dredge

size that might be expected to perform the dredging.

Based on these data, the designer must estimate or determine contain-

ment area influent rate, influent suspended solids concentration, effluent

rate  for weir sizing!, effluent concentration allowed, and time required

to complete the disposal activity. If no other data are available, for

hydraulic pipeline dredges, an influent suspended solids concentration of

145 g/k �3 percent by weight! can be used for design purposes.

Perform laborator sedimentation tests. The procedures for sedimen-

tation tests are given earlier under the part on laboratory testing. A

designer must evaluate the results of salinity tests to determine whether

the sediments to be dredged are freshwater or saltwater sediments. If the

salinity is above 3 ppt, the sediments are classified as saltwater sedi-

ments for the purpose of selecting the laboratory sedimentation test.

DESIGN METHOD FOR SALTWATER SEDIMENTS

The following design method is recommended for sedimentation of

dredged material from a saltwater environment. It can also be used for

freshwater dredged material if the laboratory settling tests indicate zone

settling properties. An example of this design method is presented by

Montgomery �978!.

Anal ze laborator data. A series of zone settling tests must be con-

ducted as detailed earlier. The results of the settling tests are analyzed

to determine zone settling velocities at the various suspended solids con-

centrations. The procedure is as follows:

19



1. Develop a settling curve for each test. Plot depth to interface
versus time.

2. Calculate the zone settling velocity, vs, as the slope of the con-
stant settling zone  straight line portion of curve!. The velocity
should be in ft per hour.

3. Plot v versus suspended solids concentration on a semi-log plot.s

4. Use the plot developed in step 3 to develop a solids loading versus
solids concentration curve as shown in Figure 7.

A U.
IZ
Z
m

0 2 0
0 2

0 J
0 1

25

SOL I DS CONCENTRATION C ~ LB! F T

Figure 7. Typical Solids Loading Curve for Dredged Material.

Com ute desi n concentration. The design concentration, CD, is defined

as the average concentration of the dredged material in the containment

area at the end of the disposal activity and is estimated from data obtained

from the 1S-day column settling tests. The following steps can be used to

estimate average containment area concentrations for each 15-day column

20



settling test. It may be desirable to perform more than one 15-day test.

If so, use an average of the values as the design concentration.

l. Compute concentration versus time for the 15-day settling test.
Assume zero solids in the water above the solids interface to
simplify calculation.

2. Plot concentrations versus time on log-log paper.

3. Draw a straight line through the data points. This line should be
drawn through the points representing the consolidation zone.

4. Estimate the time of dredging by dividing the dredge production
rate into volume of sediment to be dredged.

5. Estimate the concentration at time ti~2  one-half the time required
for the disposal activity determined in step 4! using the figure
developed in steps 2 and 3. This time is an approximation of the
average time of residence for the dredged material in the contain-
ment area. Since concentration is a function of time, one-half
the dredging time would represent a period during which one-half
of the dredged material would have been in the area longer and
the other half less than a time equal to one-half the dredging
time.

6. Use the value computed in step 5 as the design solids concentra-
tion, CD'

Com ute area re uired for sedimentation. Containment areas designed

l. Use the design concentration and construct an operating line from
the design solids concentration tangent to the loading curve as
shown in Figure 8. The design loading is obtained on the y-axis
as S

2. Compute the required area as

QiC.
A =

S~ �!

where

21

according to the following steps should provide removal of fine-grained

sediments well enough so that suspended solids levels in the effluent do not

exceed 1 to 2 g/R. The area required for the zone settling process to con-

centrate the dredged material to t: he design concentration is computed as

follows, using the Yoshioka et al. �957! graphic solution to the Coe and

Clevenger procedure �916!.
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Figure 8. Solids Loading Curve Showing Design Line.

containment area surface requirement, ft
2

influent rate, ft /hr3

 Qi = A Vd, assume Vd l5 ft/sec in absence of data and convert

Qi calculated in ft /sec to ft /hr!

Q m
i

A = cross-sectional area of dredge pipeline ft 2

P

Vd = velocity of dredge discharge, ft/sec

Ci = influent solids concentration, lb/ft 3

 use 145 g/k or 9.2 lb/ft3 if no data are available!

S = design solids loading, lb/hr-ft 2

22

3. Increase area by a factor of 2.25 to compensate for containment
area short-circuiting and dispersion.



�!A = 2.25 A

where

2
A = design basin surface area, ft

2
A = area determined from Equation 2, ft

DESIGN METHOD FOR FRESHWATER SEDIMENTS

ties of a freshwater sediment slurry is accomplished as discussed earlier.

The design steps are as follows:  Refer to Montgomery �978! for example

problem.!

-l. Arrange data from laboratory tests illustrated in Table 1 into the
form shown in Table 2.

2. Plot these data as shown in Figure 9. The percent by weight of
initial concentration for each depth and time is given in Table 2.
The solid curved lines represent the concentration depth profile
at various times during settling.  Refer to Figure 9 for more de-
tails.! Numbers appearing along the horizontal depth lines are
used to indicate area boundaries.

3. Compute a design concentration using data from the 15-day zoneI
settling test. Follow the procedure outlined in the design method
for saltwater sediments.

Com ute detention time re uited for sedimentation. The detention time

is computed as follows:

23

Sediments in a dredged material sedimentation basin are comprised of a

broad range of particle floes of different sizes and surface characteristics.

In the sedimentation basin under flocculent settling conditions the larger

particle floes settle at faster rates, thus overtaking finer floes in their

descent. This contact increases the floe sizes and enhances settling rates.

The greater the ponding depth in the containment area, the greater is the

opportunity for contact among sediments and floes. Therefore, sedimentation

of freshwater dredged sediments is dependent on the ponding depth as well as

the properties of the particles.

Anal ze laborator data. Evaluation of the sedimentation characteris-



TABLE 1

OBSERVED FLOCCULENT SETTLING CONCENTRATIONS

WITH DEPTH, IN GRAMS PER LITRE

Depth from top of' Settling Column, ft

Time, min 3 4 5 6 7

132

135

128

122

119

117

115

114

110

106

105

92

90

132

146

186

227

132 132 132

46 99 115
25 49 72
14 20 22
11 14 16

6.8 10.2 12
3.6 5.8 7.5

2,8 2.9 3 ' 9
1.01 1.6 1.9

.90 1.4 1.7

0.83 1.14 1.2
0.74 0.96 0.99
0.63 0.73 0.81

Note: Data from actual test on freshwater sediments. Although a
6-ft test depth is recommended, an 8-ft depth was used in this
test.

TABLE 2

PERCENT OF INITIAL CONCENTRATION WITH TIME

Depth From Top of Settling Column

2 ft 3 ft1 ftTime, T, min

Note: Initial suspended solids concentration = 132 g/E
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Figure 9. Removal of Flocculating Dredged Material Particles.

1. Calculate removal percentage at depths of l, 2, and 3 ft for, various
times using the plot illustrated in Figure 9. The removal percent-
age for depth d1 and t 1 is computed as follows:

Area 0 10 ll 1+ 100
Area0,2,11, 1 �!

where

R = removal percentage

Determine these areas by either planimetering the plot or by direct
graphic measurements and calculations. This approach is used to cal-
cuIate removal percentages for each depth as a function of time.
The depths used should cover the range of ponding depths expected
in the containment area. This report recommends at least 2 ft of
ponding depth at the end of the dredging pro!ect,

25

+ These numbers correspond to the numbers used in Figure 9 to indicate the
area boundaries for the total area down to depth d, �,2,11,1! and the area
to the right of the t = 1 time line �,10,11,1!.



2. Plot the solids removal percentages versus time as shown in
Figure 10.

99

ZOO 400 900 800 l000
TIME, min

Figure 10. Solids Removal Versus Time as a Function of Depth.

3. Theoretical detention times can be selected from Figure 10 for
various solids removal percentages. Select the detention time, T,
that gives the desired removal percentage for the design ponding
depth.

�!T 2.25 T

where

T = design detention time
d
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4. The theoretical detention time, T, should be increased by a factor
of 2.25 to compensate for the fact that sedimentation basins, be-
cause of short-circuiting and dispersion, have average detention
times less than volumetric detention times:



VOLUME RE UIREMENTS FOR CONTAINMENT OF SOLIDS

The procedures outlined in the above paragraphs are aimed at providing

sedimentation basins with sufficient areas and detention times to accommo-

date continuous disposal activities while providing sufficient suspended

solids removal to meet effluent suspended solids requirements. Sedimenta-

tion basins must also be designed to meet volume requirements for a particu-

lar disposal activity. The total volume required of a sedimentation basin

includes volume for storage of dredged material, volume for sedimentation

 ponding depths!, and freeboard volume  volume above water surface!. Volume

required for storage of the coarse-grained material  >200 sieve! must be de-

termined separately, because this behaves independently of the fine-grained

 <200 sieve! material.

ESTIMATE VOLUME OCCUPIED BY DREDGED MATERIAL IN SEDIMENTATION BASIN

1. Compute the average void ratio of fine-grained dredged material in
the sedimentation basin at the completion of the dredging operation
using the design concentration determined in earlier steps as dry
density of solids.  Note that design concentration is determined
for both the flocculent and the zone sedimentation design procedure.!
Use the following equations to determine void ratio:

Gs"w
e 1

o �!

where

e = average void ratio of dredged material in the sedimentation
0 basin at the completion of the dredging operation

G = specific gravity
s
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The volume occupied by dredged material in the sedimentation basin

after the completion of a particular disposal activity is computed as

follows. The volume is not an estimate of the long-term needs for multiple-

disposal activities. -The procedures given below can be used to design for
92

volume required for one disposal activity, or used to evaluate the adequacy

of the volume provided by an existing sedimentation basin.



y density of water, g/R

y = dry density of solids at design concentration,  C - yd! g/R

2. Compute the change in volume of fine-grained channel sediments
after disposal in the sedimentation basin from

e � e

AV V.
o i

i 1+ei

where

AV = change in volume of fine-grained channel sediments after dis-
posal in the sedimentation basin, ft3

e - average void ratio of in situ channel sedimentsi

3Vi volume of fine-grained channel sediments, ft

3. Compute the voLume required by dredged material in the sedimenta-
tion basin from

V = Vi + AV + V d
sd

where

V volume of dredged material in the sedimentation basin at the
end of the dredging operation, ft3

V d volume of sand  compute using l:l ratio!, ft 3
sd

ESTIMATE OF BASIN DEPTH

Previous calculations have provided a design area Ad and design deten-

tion time T required for fine-grained dredged material sedimentation.

Equations 6-8 are used to estimate the volume and corresponding depth re-

quirements fox the storage of solids in the containment area. Throughout

the design process, the existing topography of the containment area must be

considered, since it can have a significant effect on the average depth of

the containment area.

Saltwater sediments  zone settlin !. The following procedure should be

used for saltwater sediments:

l. Estimate the thickness of dredged material at the end of the dis-
posal operation from

28



V
H

dm A
 9!

where

H ~ thickness of the dredged material layer at the end of dredg-
dm

ing operations, ft

volume of dredged material in the basin, ft  from Equation3

8!

2
A = design area, ft  as determined from Equation 3 or known

surface area for existing sItes!

2. Consult with soils design engineers to determine maximum height
allowed for confining dikes. Anticipated settlement of the dikes
should also be considered.

�0!dm pd fb

where

D dike height, ft

H d = average ponding depth over the area, ft  a minimum of 2 ft
is recommended!

freeboard above the basin water surface to prevent wave over-
topping and subsequent damage to confining earth dikes, ft
 a minimum of 2 ft is recommended to account for fetch and
wind!

fb

4. Compare with allowable dike height

Freshwater sediments  flocculent settlin !. The following procedure

should be used for freshwater sediments:

1. Compute the volume required for sedimentation from

Vg � QiT

where

V = sedimentation basin volume required for meeting suspended
8 solids effluent requirements, ft3

T = required detention time from Equation 5
d

29

3. Add ponding depth and freeboard depth to Hdm to determine the re-
quired containment area depth  dike height!.



2. Consult with soils design engineers to determine maximum height
allowable for confining dikes D. In some cases, it might be de-
sirable to use less than the maximum allowed dike height.

3. Compute the required design area as a minimum required surface
area for solids storage from

V
d H

dm  max!
�2!

where

dm max! pd f b

or set the design area Ad equal to the known surface area for
existing sites.

4. Evaluate volume available for sedimentation near the end of the
disposal operation from

�3!V+=8 A
pd d

where

V* volume available for sedimentation near the end of disposal
operation, ft3

5. Compare V* and VE. If the volume required for sedimentation is
larger than V*, the sedimentation basin will not meet the suspended
solids effluent requirements for the entire disposal operation.
The following three measures can be considered to ensure that ef-
fluent requirements are met: �! increase the design area Ad,
�! operate the dredge on an intermittent basis when V* becomes
less than V> or use smaller size dredge, and �! provide for post-
treatment of effluent to remove solids.

6. Estimate the thickness of dredged material at the end of disposal
operation using Equation 9. A is determined using step 3 above.

30

7. Determine the required sedimentation basin depth using Equation 10.

8. Compare with maximum allowable dike height.  See paragraph below.!

At most sedimentation basins, the foundation soils are soft. Such

foundations limit the heights of confining earth dikes that can be economic-

ally constructed. Therefore, soils design engineers must be consulted to

determine the maximum dike heights that can be constructed. If the maximum

dike height allowed by foundation conditions is less than the sedimentation

basin depth requirement, the design area A must be increased until the



depth requirement can be accommodated by the allowable dike height; the

thickness of the dredged material layer must also be decreased.

The field verification work performed by Montgomery �979! indicated

that conservative values could be estimated from laboratory tests for solids

concentrations expected in the dredged material sedimentation basin. The

laboratory test data were reasonably close and should be adequate for design

purposes. The column sedimentation tests can be improved with further ex-

perience in dredged material sedimentation basin design. and with more labora-

tory testing.

The flocculent settling tests and design procedures recommended for

freshwater sediments were found to provide design estimates that agreed

closely with actual field values. However, additional cases should be

evaluated before full substantiation of these procedures is proclaimed.

A significant amount of work is required on the hydraulic efficiency

of dredged material sedimentation basins before firm design. correction

factors can be established to account for scale-up and flow-through problems.

Five dye tracer tests were evaluated by Montgomery �979!, The correction

factors determined from these tests varied from 2.13 to 2.72. Based on the

work accomplished during this research, a correction factor of 2.25 appears

reasonable. This factor is higher than those recommended in the sanitary

engineering literature. However, the conditions experienced at a dredged

material sedimentation basin are more complex than those of wastewater

treatment facilities.
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DREDGED MATERIAL SEDIMENTATION BASINS

EXAMPLE DESIGN CALCULATIONS+

* Taken from report entitled "Methodology for Design of Fine-Grained
Dredged Material Containment Areas for Solids Retention," by
R. L. Montgomery.

33



EKAMPLE DESIGN CALCULATIONS

This Appendix pxesents example calculations for sedimentation

basin designs. The examples are developed to illustrate the use of

field and laboratory data and include designs for sedimentation and

weir design. Weir design is based on the research reported by Walski

and Schroeder �9!. Separate examples are developed for saltwater and

freshwater sedimentation designs as described in Chapter VIII of the

main text. Only those calculations necessary to illustrate the proce-

dure are included in the examples.

Exam le I: Sedimentation Basin Desi n
Method for Freshwater Sediments

Each year an average of 300,000 yd of fine-grained channel
3

sediment is dredged from a harbor on Lake Michigan. A new in-water

containment area is being constructed to accommodate the long-term

dredged material disposal needs in this harbor. However, the new con-

tainment area will not be ready for approximately 2 years. One con-

tainment area in the harbor has some remaining storage capacity, but

it is not known whether the remaining capacity is sufficient to accom-

modate the immediate disposal requirements. Design procedures must be

followed to determine the detention time needed to meet effluent re-

quirements of 4 g/i and the storage volume required for the 300,000 yd3

of channel sediment. These data will be used to determine if the

34



Results of containment area surve

The existing containment area has the following dimensions:

l. Size: 96 acres.

2. Shape: length-to-width ratio is about 3.

3. Volume: 1,600,000 yd  Average depth, from surveys, is 10 ft.!
3

4. Weir length: 24 ft  rectangular weir!.

Results of laborator tests and anal sis of data

The following data were obtained from laboratory tests as de-

scribed in the main text:

1. Salinity. <1 ppt.

2. In situ water content of channel sediment, w: 86 percent.

Specific gravity, G : 2.69.
s

3.

4. Observed flocculent' settling concentrations as a function of
depth  See Table 6.!

Variation of solids concentration with time  as percent of
original concentration!  See Table 7.! This is determined
as follows:

5.

Column concentration at beginning of tests is 132 g/R, concen-
tration at 1-ft level at time = 30 min is 46 g/i  Table 6!.
Percent of initial concentration ~ 46 � : 132 0.35 35 percent.
These calculations are repeated for each time and depth to

35

existing containment' area storage capacity is sufficient for the planned

dredged material disposal activity. The existing containment area is

about 3 miles from the dredging activity.

Records indicate that, for the last three dredgings, an 18-in.

pipeline dredge was contracted to do the work. The average working time

3was 17 hours per day, and the dredging rate was 600 yd per hour of in

situ channel sediment. The project depth in the harbor is 50 ft.



TABLE 6

OBSERVED FLOCCULENT SETTLING CONCENTRATIONS

WITH DEPTH, IN GRANS PER LITRE

Depth from top of Settling Column, ft

Time, min

132 132 132 132 132 132 132

46 99 125 128 13530 146115

60 4925 72 96 115 128 186

22 12220 55 78 227120

14180 29 75 119

6410.2 12240 6.8 117

3.6 5.8360 7.5 10 37 115

4.42.8 2.9 3.9 114600

1.91.01 1.6 3.1 4.5720 110

2.41.4 1.7 3.2 1060. 901020

0.83 1.14 1.2 1 ~ 4 l. 7 105

92

1260

0.96 0.990.74 1.21500

0.730.63 0.85 0.941740 90

36

Note: Data from actual teat on freshwater sediments. Although a 6-ft
test depth is recommended, an 8-ft depth waa used in this test.



TABLE 7

PERCENT OF INITIAL CONCENTRATION WITH TIME

Note: Initial suspended solids concentration 132 g/K

TABLE 8

AVERAGE CONCENTRATION OF THE FRESHWATER SEDIMENTS

FROM LONG-TERN COLUMN TEST AS A FUNCTION OF TIME
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develop Table 7.

6. Plot the percent of initial concentration versus depth profile
for each time interval from data given in Table 7.  See Figure
72.!

7. Average concentration from long-term column test as a function
of time  l5-day settling column data!  see Table 8!.

8. Plot concentration versus time from data in Table 8 as shown
in Figure 73.

9. Laboratory tests indicate that 20 percent of the sediment is
coarse-grained material  �0 sieve!; therefore, the volume of
coarse-grained material V d is:

sd

V = 300,000 �.20! = 60,000 yd3

and the volume of Zine-grained material V is:
i

Vi = 300,000 � 60,000 240,000 yd3

Com ute detention time re uired for sedimentation

The design detention time required for sedimentation in the

containment area is determined by the computations i11ustrated in the

following steps. The laboratory data are used to develop Figures 72

and 73. Figure 74 is developed from computations of suspended solids

removal percentages using Equation 22. The required suspended solids

removal is used to determine an allowable theoretical detention time.

This time is increased by a factor of 2.25 to account for short-

circuiting and dispersion in the containment area.

1. Calculate removal percentages for depths of 1, 2, and 3 ft.

t 30 min

d ~l ft

C ~ 132 g/i
i

8 ~2ft
pd

C ~ 4 g/i
e
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Pig. 74. Solids removal versus time as a function of depth



Calculating the total area down to a depth of 1 ft from Figure
72 gives an area of 100  scale units!. Calculating the area to
the right of the 30~in time line down to a depth of 1 ft gives
82.5  scale units! ~ These areas could also have been determined
by planimetering the plot. Compute removal percentages as fol-
lows  See Equation 22 in the main text.!

R 00 x 100 ~ 82.582 ' 5

For a settling time of 30 min, 82.5 percent of the suspended
solids are removed from the water column above the 1-ft depth.

2. The calculations illustrated in step 1 are repeated for each
depth as a function of time and the results are tabulated in
Table 9.

3. Plot the data in Table 9 as shown in Figure 74.

C - C

Required Solids Removal e

Ci

Required Solids Removal 2 ~ 0.97 or 97 percent132 � 4

5. From Figure 74: T ~ 365 min.

6. Increase the theoretical detention time T by a factor of 2.25:

�3!T 2.25 T

Td = 2.25 �65!

design detention time, T ~ 822 min.

Com ute volume re uired for sedimentation

�9!VB ~iT
18 Ke.

2

Q = ~ x 18 fc/sec12

~ 26.5 ft /sec3

Q = 1590.4 ft /min
3

V 1590.4 ft /min  822 min! = 1,300,000 ft3 3

4. Since the average ponding depth H d is 2 ft, use the 2-ft depth
curve shown in Figure 74 and determine the theoretical detention
time required to meet the 4-g/K effluent suspended solids re-
quirement:



TABLE 9

REMOVAL PERCENTAGES AS A FUNCTION

OF SETTLING TIME



Com ute desi n concentration and estimate volume re uired

The design concentration is determined from the long-term column

 a! Dredge size. '18 in.

 b! Volume to be dredged: 300,000 yd3

 c! Average operating time: 17 hr/day

 d! Production: 600 yd per hour3

2. Estimate time of dredging activity:

600 yd /hr
3

29.4 or 30 days
500 hours

17 hr/day

3. Average time for dredged material consolidation:

15 days

4. Design solids concentration C is the concentration shown in
Figure 73 at 15 days. D

C ~ 253 g/k

5. Compute the average void ratio e using Equation 24.
0

Gy
8 W

e = � � 1
Yd �4!

G 2.69
8

y < 1000 g/R
W

yd 253 g/

44

test and used to estimate the volume that will be occupied by the

dredged material in the containment area at the end of the dredged

material disposal process.

l. Pro! ect information:



2. 69 �000!
253

e ~ 9.63
0

6. Compute the change in volume of fine-grained channel sediments
after disposal in containment area using Equation 25:

e � e
o i

AV = Vi 1 +
ei �5!

 w/100! s
G

i Sd/100
 85/100!�. 69!

1.00

�9!

ei 2'29

V 240,000 yd
3

AV � 1 + 2 29 x 240,000 535,440 yd9.63 � 2. 29 3

7. Estimate volume required by dredged material in containment area
using Equation 26:

�6!V=V +AV+Vd
sd

Vi 240,000 yd3

AV = 535,440 yd3

V ~ 60,000 yd 3
sd

V 835,440 yd
3

Estimate thickness of dred ed material la er

A 96 acres x 43,560 ft /acre
2

A " -4,200,000 ft
2

2. Compute the thickness of dredged material using Equation 27:

8
V

dm A

835 440 d x 27
3

4,200,000 ft

�7!

45

l. Design area is equal to existing surface area given in preliminary
data:



Determine re uired containment area de th

The containment area depth can be computed using Equation 28;

�8!D = H + H d + Hfbdm pd

D 5.4 + 2 + 2

D - 9.4 ft

Zt is recommended that a value of 2 ft be required for both

ponding depth  H d! and freeboard  Hfb!, Because of the foundationpd

conditions, dike heights are limited to 10 ft. However, the depth

required for the containment area is 9.4 ft. Sufficient volume is

available for the project because the dikes can be constructed to 10

V~=H A
pd d

V+ - 2 ft �,200,000 ft !
2

�1!

V+ = 8,400,000 ft 3

Com are V* and V>

Since V* > V , a 96-acre containment area will meet the suspended
solids effluent requirement of 4 g/L for the entire disposal
operation.

Check weir len th

Existing effective weir length L weir crest length L for
erectangular weirs:

L = 24 ft

C 4 g/Re

Qi ~ 26.5 ft /sec2

Evaluate volume available for sedimentation near the end of the dis osal



=2ft
pd

With an average ponding depth within the containment area, H d,pd'

of 2 ft, the ponding depth at the weir D is estimated to be in excess
P

of 3 ft, accounting for a dredged material surface which slopes toward

the weir. Using Figure 75, a 3-ft ponding depth at the weir required

an effective weir length of approximately 13 ft. The existing 24-ft

weir length should therefore be adequate, but effluent suspended solids

should be monitored periodically.

3
The remaining volume of 1,600,000 yd in the existing containment

area is sufficient to accoamodate disposal of the 300,000 yd of main-
3

tenance channel sediment into the basin under a continuous disposal

operation. Since the required basin depth is less than existing depth,

no upgrading will be necessary to accommodate the first dredging

operation.
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Exam le II: Sedimentation Basin Desi n

Method for Saltwater Sediments

The steps in the design method for saltwater sediments involve

the computation of a design concentration from long-term settling

column test data, the computation of an area required for sedimentation,

and an estimation of volume required for dredged material storage. The

data necessary to complete these steps are obtained primarily from

laboratory settling tests.

Pro'ect information

Fine-grained material is scheduled to be dredged from a harbor

maintained to a project, depth of 50 ft. Channel surveys indicated

that 500,000 yd of channel sediment must be dredged. All available
3

disposal areas are filled near the dredging activity, but land is

available for a new site 2 miles from the dredging project. The sedi-

mentation basin must be designed to accommodate continuous disposal

operations while meeting effluent suspended solids levels of 4 g/k.

In the past, the largest dredge contracted for the maintenance dredging

has been a 24-in. pipeline dredge. This is the largest size dredge

located in the area.

Results of laborato tests

The following data were obtained from laboratory tests:

1. Salinity: 15 ppt.

2. In situ water content of channel sediment, w: 92.3 percent.

3. Specific gravity, G : 2.71.
s

49



4. Depth to solids interface as a function of time  settling
column data!.  See Table LO.!

5. Zone settling velocity as a function of concentration.  See
Table 11.!

6. Curve of zone settling velocity versus concentration.  See
Figure 76.!

7. Calculations of solids loading values: Use data given in
Figure 76 to develop Table 12.

8. Solids loading versus solids concentration: Use data in
Table 12 to develop Figure 77.

9. Data of concentration from the long-term column test as a
function of time data Q5-day settling column data!.  See
Table 13.!

10. Curve of concentration versus time.  See Figure 78.!

ll. Representative samples of channel sediments tested in the
laboratory indicate that 15 percent of the sediment is coarse-
grained material  >40 sieve!.

V d 500,000 �.15! 75,000 yd3

V 500,000 � 75,000 425,000 yd3

Com ute desi concentration

The design concentration is defined as the average concentration

of the dredged material in the containment area at the end of the

dredging disposal pro]ect. It is estimated from data obtained from the

long-term column settling tests described in Chapter VXI.

l. Pro!ect information:

Dredge size: 24 in.
Volume to be dredged: 500,000 yd

2. Good records are available from past years of maintenance
dredging in this harbor. They show that each time a 24-in.
dredge was used, the dredge averaged operating 12 hours per
day and dredged an average of 900 yd3 per hour.



TABLE 10

DEPTH TO SOLIDS INTERFACE  FEET! AS A

FUNCTION OF SETTLING TIME  HOURS!

Initial Suspended Solids Connentration, g/i
Time
Hours

73 143120 163 215 243 310

0.25 0.230

0.50 0. 390

0,75 0.530

0.005

1.0

2.0

3.0

4-.0

5.0

6.0

7.0 0.565

0.575

0.595

0.655

0.690

0, 440 -0. 188

0.459 0.212

0.522 0.259

0.564 0.292

8.0

10.0

20.0 0. 19G

0.25030.0
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0. 620

0.690

0.740

0.770

0.805

0.820

0.830

0.840

0.145 0.065

0. 290 0. 165

0.435 0.270

0.535 0.360

0.635 0.490

0.680 0.535

0.700 0.555

0.710 0.580

0.730 0.585

0.050 0.065

0.090 0.138

0.170 0.210

0.230 0.276

0.420 0.430

0.475 0.467

0.505 0.495

0.530 0.510

0.553 0.515

0.026 0.010

0.050 0.020

0.075 0.030

0.100 .0.040

0.225 0.080

0 340 0 100

0.365 0.122

O.390 0.140

0.410 0.160

0.430 0.175

0.009

0.020

0.025

0.035

0.050

0.070



TABLE 11

ZONE SETTLING VEMCITY AS A FUNCTION

OF SUSPENDED SOLIDS CONCENTRATION

TiQLE 12

CALCULATMNS OF SOLIDS LOADING VALUES+

* DeveIoped from curve shown in Figure 76
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Pig. 76. Zone settling velocity versus concentration
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TABLE 3.3

AVERAGE CONCENTRATION OF THE SALTWATER SEDIMENTS PRON

LONG-TERN COLUMN TEST AS A FUNCTION OF TIME
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3. Estimate time of dredging activity:

556 hours

900 yd /hr
3

operating time per day 12 hours

556 hours

12 hours/day

4. Average time for dredged material consolidation:

2
= 23 days

5. Design concentration is the concentration shown in Figure 7S
at 23 days.

C = 340 g/R or 2l.l lb/ft 3

D

Compute area re uired for sedimentation

In the saltwater method, the size of the containment area is

based on the area required for the zone settling process to concentrate

the dredged material to the design concentration. This area is de-

termined using the Yoshioka et al.  ll! graphical procedure and in-

creased by a factor of 2.25 to account for short-circuiting and dis-

persion during disposal operations.

l. Construct an operating line from design concentration �1.1
lb/ft ! tangent to the loading curve  Figure 77!:

Design solids loading S = 2. 95 lb/hr-ft
2

L

2. Compute the area requirement using Equation 20:

A-Qi i
SL

�0!

g A V
i p d

Vd = 15 ft/sec
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C ~ 9.2 lb/ft
3

S = 2.95 lb/hr-ft
2

I.

24 in.
2

l2
x 15 ft/sec

Qi = 47.12 ft /sec3

Q. 169,632 ft /hr
3

i

A 169 632  9.2!
2.95

A = 529,022 2

4 ~ - 12.14 accee
529 022

43,560

3. Increase the area by a factor of 2.25

Ad 2.25 �2.14 acres!

Ad 27.3 acres

Thus, the area required for sedimentation is 27 acres.

Estimate volume re uired for dr~ed ed material and de th of containment
area

After the containment area has been sized to provide for sedi-

mentation, the area must then be sized to accommodate the volume of

dredged material to be placed into the arear' The total volume required

includes volume for, storage of dredged material, volume for sedimenta-

tion  ponding depth!, and freeboard volume to account for wind effects

 volume above water surface!. The procedures given below and in

Chapter VIII can be used to design for volume required for one disposal

activity, or used to evaluate the adequacy of the volume provided by

an existing containment area.



1. Compute average void ratio using:

Gy
S W

e ~ - 1
0 �4!

G 2.71
S

y = 1000 g/k

y = 340 g/R design concentration, C>  Figure 78!

2.71�000!
o 340

e ~ 6.97
0

e - e

AV =
o i

1+ e
x V

i
�5!

Using equation 19 in the main text,

 w/100!G

i 8 /100

 92. 3/100! �. 71!
i 1.00

e. ~ 2 ~ 5
i

V = 425,000 yd
3

AV � '1 + 2 50 x 425,0006. 97 � 2. 50

hV = 542,785 yd = 543,000 yd3 3

3. Estimate the volume required by the dredged material in the
sedimentation basin using:

�6!V~ V. +AV+V
i sd

V 425,000 yd
3

hV = 542, 785 yd
3

2. Compute the change in volume of fine-grained channel sediments
after disposal in the containment area using:



V 75,000 yd
3

sd

V = 425,000 + 543,000 + 75,000

V ~ 1,043,000 yd 3

4. Estimate thickness of dredged material at sn4 of disposal
operation-'

V
8

dm A �7!

1 043 000 d �7!
3

dm 27 acres �3,560!

Hd = 23.9 ft

.�S!D~Hd +Hd+Hfb

D - 15 ft

H ~2ft
pd

H 2 ft

dm pd fb

8 ~15-2 � 2
dm

H ~ 11 ft
dm

5. Compute new area requirement:

V
8

dm A �7!

l 043 000 d �7!3.
A

A I 25560,090 ft
2

60

Because of foundation problems, dike heights are lf~ited to

15 ft. Therefore, the area of the disposal area must 4g Qacraased to

accommodate the storage requirements. Use Equation 2$ to determine

the allowable dredged material height:



A = 59 acres
d

47.12 ft /sec
3

i

C = 4g/x

Using Figure 79, operating linea constructed at Qi 47.12 ft /3

sec and C 4 g/k indicate possible combinations of ponding depth ande

effective weir length required. Assuming that a 1-ft ponding depth at
the weir is the minimum that could be allowed, a weir length of 35 ft

is required. However, a ponding depth of 2 ft is recommended during
the operation to provide a margin of safety. Note that 59 acres is

the minimum area required for storage of one dredging of 500,000 yd3

and will not meet the long-term storage capacity requirement.
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MEAS U REM ENT AND P RED I CT I ON OF

CONSOLIDATION OF DREDGED MATERIAL

W. David Carrier, III
1

and Berg Keshian, Jr.
l

ABSTRACT

In recent years, it has become more and more common in the

United States to dispose of dredged materials in confined im-

poundment areas. To estimate the useful life of a disposal area

and the time required to achieve reclamation, it is essential that

the rate of consolidation and the final density of the dredged

material be estimated. Usually this is done on the basis of rules

of thumb and local experience. A new method of predicting consoli-

dation is proposed, based on sound geotechnical principles The

method utilized field and laboratory data to determine the com-

pressibility and permeability vs. void ratio of the dredged material.

Virtually any sequence of filling and settling in the disposal area

can then be analyzed by a specially written computer program, which

uses a sophisticated formulation of large strain, non-linear con-

solidation theory.

The proposed prediction method has been used successfully on a

recent dredging project for the U.S. Navy. Two confined disposal

areas were intensively studied during and after the initial filling

period. A total of 8 million cubic yards of sediment were dredged

over a l0-month period. The field investigation included borings,

sampling, pore pressure measurements, and settlement measurements.

1
Bromwell Engineering, Lakeland, Florida.
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The laboratory tes s included the usual geotechnical index properties,

plus slurry consolidometer tests.

The dredged material naturally separated into two distinct

material types: a coarse fraction and a fine fraction. The dredging

contractor also assisted this natural process in an attempt to maxi-

mize the production of material that would be suitable as fill. The

coarse fraction consists of poorly graded silty sands and sands

 SM, SM-SP, and SP!. On the average, 95% is finer than No. 4 sieve

and l3% is finer than a No. 200 sieve. Shortly after deposition, the

coarse fraction settles to a void ratio of 0.8 and consolidation is

essentially complete almost immediately. In one of the disposal areas>

the coarse fraction represents 78% of the total dredged material by

weight, but only 46% by volume. The remainder is fine fraction, which

consists of sandy silts, sandy clays, and silty clays  ML-MH and CH!.

Computer simulations of the fine fraction, based on measured material

properties, predict the average initial void ratio to be 7.5. This

has been confirmed by extensive field sampling. The simulations also

predict that approximately one year will be required for complete con-

solidation and that the final void ratio will be 4. This represents

an approximate volume reduction in the fine fraction of 40%. The

additional volume will be used to dispose of maintenance dredged

material in future seasons. This material is anticipated to be simi-

lar to the fine fraction, and consequently, the filling and settling

periods for the disposal areas have been projected several years in

advance.
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An improved technique for measuring and predicting the

consolidation  dewatering! of dredged material is proposed

and examples of its application are presented. The method

is based on determining the compressibility and permeability

of the dredged material by means of a series of field and

laboratory tests. Once the soil properties have been deter-

mined, finite difference computer programs are used to

analyze consolidation under field conditions. These computer

programs are based on large-strain, non-linear consolidation

theory. Finally, design guidelines are presented which provide

a simple and rapid means of estimating the amount and rate

of consolidation of dredged material for various disposal

situations.
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INTRODUCTION

In recent years, it has become more and more common in

the United States to dispose of dredged materials in confined

impoundment areas. To estimate the useful life of a disposal

area and the time required to achieve reclamation, it is

essential that the rate of consolidation and the final density

of the dredged material be estimated. Usually this is done

on the basis of rules-of-thumb and local experience. Previous

studies by Salem and Krizek �973, 1976! and Lacasse, et al.

�977! attempt to apply soil mechanics principles and tests

to predict final dredged material densities.

A new method of predicting the consolidation of the

fine-grained fraction of dredged material is described in

this paper. The method is directly applicable to any fine-

grained mineral slurry. Zt was originally developed by

Bromwell Engineering, Inc., to predict the consolidation

of waste clay produced by the Florida phosphate industry

 Bromwell and Carrier, 1979!.

To predict the consolidation of dredged material at a

specific site, it. is necessary to perform an integrated

program of field testing and sampling, laboratory testing,

and computer analysis. The purpose of the field and laboratory

testing is to measure the compressibility and permeability

of the dredged material, such that the constants in the

following expressions can be determined:
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e= Ao

k= Ce
D

where e = void ratio

a = vertical effective stress

k = permeability

A,B,C,D = constants for a specific dredged material.

The first expression determines how much consolidation

will occur; the second. determines how fast it will occur. A

computer analysis can then be performed and virtually any

sequence of filling and quiescent settling can be evaluated.

For illustrative purposes, examples of field testing,.

laboratory testing, and computer analysis have been taken from

a dredging project which is part of the construction of a

channel and docking facilities near Cumberland Sound in southeast

Georgia. Approximately 9 million cubic yards of sediment have

been dredged over a 10-month period and deposited in a salt

water environment into two confined disposal areas. A map

indicating the location of the project is presented in Fig. l.

Bromwell Engineering has investigated the dredged material

properties and has designed new disposal areas fqr future project

and maintenance dredging.

The dredged material under study has naturally separated

into two distinct material types: a coarse fraction and a

fine fraction. The dredging contractor also assisted this

natural process in an attempt to maximize the production of

material that would be suitable for fill. The coarse fraction

consists of poorly graded silty sands and sands. On the
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average, 95% is finer than a No. 4 sieve and 13% is finer than

a No. 200 sieve. During deposition, the coarse fraction

sediments to a void ratio of about 0.8 and negligible additional

consolidation occurs. In the mainside disposal area, shown

in Fig. 1, the coarse fraction represents 78% of the total

dredged material by dry weight, but only 46% of the initial

volume. The remainder is fine fraction which consists primar-

ily of silty clays  NH-CH!, with some sandy silts and sandy

clays. All of the examples described in this paper are related

to this fine fraction material.

Xt should be noted that testing and sampling of the dredged

material in this project was begun after dredging ha already

begun. Thus, the method could not be applied to the design

of the first two disposal areas. In fact, these two areas

were designed by another organisation based on experience and

previous practice. However, in principle, it is possible to

sample an area to be dredged in advance and perform similar

tests and analyses before dredging commences. Xt is antici-

pated that this new prediction method will be refined and

improved as it is applied to additional dredging projects

and greater experience is obtained.
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FIELD TESTING

Field testing of a dredged material disposal area presents

special problems not ordinarily encountered in typical geotech-

nical investigations. The sampling and testing operations

in a disposal area are generally controlled by the water

level. If there are a few inches or more of clear water

above the material, then flat-hulled boats are used for access.

For areas having very little free water and/or extensive herb-

aceous vegetation, airboats are especially practical, providing

rapid mobility and a convenient work platform. Xf the water

has been drained off, but the surface is still soft, then

tracked-amphibious vehicles have been found to be useful. If

a crust has formed, access can be accomplished on foot or

with any convenient low-pressure vehicle. In most cases, the

dredged material is very soft and can be sampled and tested

with manually operated equipment. Even if a crust has formed,

it is generally feasible to excavate a small hole with a

shovel and then sample the underlying soft sediment. Conse-

quently, it is usually not necessary to mobilize a heavy

drill rig and barge.

Sampling and testing is performed with equipment that

has been specifically developed for very soft, fine-grained

soils and slurries, such as dredged material. These are:

~ Piston Tube Sampler

o Pore Pressure Probe

e Piezometer

~ Nuclear Density Probe
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Each of these is described in more detail in the following

sections.

Piston Tube Sam ler

A schematic of the piston tube sampler is shown in Fig. 2.

In operation, the sampler is manually pushed into the soil

to a specified depth and a sample is taken by raising the

piston. The sample is then extruded into a jar, sealed, and

returned to the laboratory for testing. The sample thus

recovered is not undisturbed, but the water content is repre-

sentative of the in situ condition. Hence, the total weight

 saturated!, dry unit weight, and void ratio can be determined

with reasonable accuracy. A series of samples are usually taken

at the same location at different depths so that a profile of

unit weight and void ratio can be determined; an example from

the project is shown in Fig. 3. This procedure is repeated at

various locations so that representative samples are recovered

from the entire disposal area. A typical sampling grid is

shown in Fig. 4. In this case, more than 250 samples were

taken at about 50 locations, which required two field technicians

working for nearly a week.

With the sampling data, it is then possible to calculate

the total volume, average depth, mass, and weighted average

void ratio of the dredged material. By repeating the sampling

procedure at regular time intervals, it is possible to estimate

the rate of consolidation. An example is shown in Fig. 5.

It can be seen that deposition of fine fraction in the Mainside

disposal area began in early October 1978 and continued through
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mid-Narch 1979. Initially, the material was placed very rapidly

and consequently had a high void ratio. The mass filling rate

then decreased for slightly more than a month and the volume

actually remained constant as the void ratio decreased. After

that, the filling rate picked up again and the volume and

void ratio increased.

As will be discussed in a later section, it is possible

to perform computer simulations of virtually any sequence of

filling and settling. Thus, with some judgment, it is possible

to "back-calculate" soil compressibility and permeability

values which best fit the data presented in Pig. 5. As more

sampling data are gathered over a longer period of time, this

is, in fact, the most accurate method of estimating the soil

properties.

Pore Pressure Probe

The pore pressure probe is used to obtain rapid profiles

of pore pressure with depth. A schematic of the probe is

shown in Fig. 6. To obtain pore pressure measurements, the

probe is inserted into the dredged material to a specified

depth. The fluid pressure is transmitted through the porous

tip and acts against the diaphragm of the electrical trans-

ducer. The output from the transducer in millivolts is then

converted to pressure by means of a calibration curve. It

is necessary to hald the probe in position until the electrical

reading indicates equilibrium has been achieved, which may

take 60 minutes or longer, depending upon the soil character-

istics. After a reading has been completed, the probe is
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pushed deeper into the dredged material to measure the pore

pressure at the next specified depth. A typical pore pressure

profile is shown in Fig. 7.

Piston tube samples of the dredged material are then

taken immediately adjacent to the pore pressure probe location

at the same depths. By measuring the total unit weight of

the samples, it is possible to calculate the total stress vs.

depth, which is also shown in Fig. 7. Then, of course, the

effective stress vs. depth is calculated by subtracting the

pore pressure from the total stress. Finally, the void ratio

of each sample is correlated with the effective stress in

the soil at the same depth. Thus, by performing a pore pressure

probe and recovering samples, it is possible to directly

evaluate the compressibility of the dredged material. This

procedure is normally repeated at different locations in the

disposal area in order to investigate the variations in material

properties.

An important limitation of this method is that if very

little consolidation has occurred, then the effective stress

is very low. To be able to define the compressibility curve

over a greater range of effective stress, it is necessary

to repeat the testing procedure at selected time intervals

as the degree of consolidation increases. On the other hand,

by making repetitive tests, the rate of consolidation can

also be determined and, again with the aid of the computer

programs, the permeability can be "back-calculated."
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Piezometer

Many types of piezometers have been developed for soil

mechanics applications. The simple Casagrande-type, consisting

of a porous polyethylene cylindrical element attached to a

PVC riser pipe, has proven satisfactory far measurements in

dredged material. The piezometer will tend to float in the

dredged material and generally will not remain at a specified

depth. Thus, it is necessary to drive one or two steel rods

into the firm foundation soil beneath the disposal area and

fix the piezometer at the desired depth.

The piezometers are used to monitor the rate of pore

pressure dissipation as well as to check the pore pressure

probe results. Falling head tests can also be performed to

measure permeability irx situ. Smell gradients are generally

employed in these tests in order to avoid hydraulic fracturing

of the low density dredged material.

Nuclear Densit Probe

A special nuclear density probe employing a low-level

Cessium 137 gamma ray source has been developed for in situ

density determination with depth. The nuclear probe has

proven useful in a variety of loose sediments as a supplement

to direct sampling.
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LABORATORY TESTING

Extensive field testing and sampling of dredged material

is not always possible. Furthermore, predictions of consoli-

dation performance are needed before actual field behavior

can be determined. Therefore, laboratory techniques have been

developed to provide a predictive capability.

Standard geotechnical classification tests are regularly

performed on dredged. material: water content, Atterberg limits,

specific gravity, and grain size. Index properties for the

Mainside disposal area is presented in Table l. The purpose

of running these tests is the same as in any geotechnical

investigation: to characterize the nature of the material.

In addition, scanning electron microscope and X-.ray diffraction

analyses are usually run on samples from a new disposal area

to determine the major minerals. As is well known, the beha-

vior of fine-grained soils can be significantly influenced by

mineral composition  c.f., BromweLL and Oxford, L977!.

Two additional tests have been specifically developed

for measuring the compressibility and permeability of soft,

fine-grained sediments. These are:

~ 30 � day Settling Test

~ Slurry Consolidometer Test

30-Da Settlin Test

In a 30-day settling test, a sample of dilute dredged

material is simply allowed to settle under self-weight consoli-

dation in a 2000-cm graduated cylinder. At the end of 303
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days, when consolidation is essentially complete, the average

void ratio of the sample is measured and the effective stress

at the mid-height of the column of soil is calculated, thereby

establishing a single point on a compressibility curve. By

running several tests at different initial conditions, a series

of points are determined and a compressibility curve can be

defined which is valid for low effective stress.

Slurr Consolidometer Test

A schematic of the slurry consolidometer is shown in

Fig. 8. It is similar to anoedometer, except that it has a

greater height and diameter. Slurry consolidometers have also

been designed by other investigators  Salem and Krizek, 1973;

Roma, 1976; Barvenik, 1977! and have been found to be an extremely

valuable tooL

To begin a test, a sample of the dredged material slurry

is carefully poured into the consolidometer cylinder to a

height of approximately 18 inches. The initial void ratio

of the sample is usually adjusted in advance to be similar to

the void ratio of freshly deposited dredged material in the

field  typically, a void ratio of about 25!. The sample is

then. allowed to settle under self-weight consolidation. The

height of the sample is periodically measured so that the

average void ratio can be calculated versus time. Depending

on the type of test being run, either the pore pressure is

measured at. the base of the sample, or bottom drainage is

allowed to occur. The former requires more time to run the

test, but allows the permeability of the sample to be estimated
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during consolidation.

After self-weight consolidation is completed, additional

load is applied to the top of the sample by means of the loading

piston. Each succeeding increment of load is twice that of

the preceding load, similar to an oedometer test. Measure-

ments of the height and permeability of the sample continue

to be made with each increment. This is repeated until the

compressibility and permeability of the sample have been deter-

mined up to the maximum stress level necessary to simulate

field conditions. In many cases, the maximum stress is less

than 2000 psf, which is significantly less than the usual

oedometer test. On the other hand, each slurry consolidometer

test may xequire months to perform, due to the slow rate of

consolidation.



COMPRESSIBILITY AND PERMEABILITY

As discussed. in the Introduction, the primary 'purpose of

the field and laboratory testing is to develop functional

expressions for the compressibility and permeability of the

dredged material in the form:

e=Acr

k=Ce
D

where e = void ratio

a = vertical effective stress

k = permeability

A,B,C,D = constants for the particular dredged
materials.

The objective is to find values for the constants which

best fit the data from the various sources. As an example,

compressibility and permeability data from sampling, pore

pressure probes, 30-day settling tests, and slurry consolidometer

tests from the project are presented in Figs. 9 and 10. Best-fit

curves through the data points have been determined and are

also indicated in the figures. It can be seen that the data

are generally very consistent and there is not too much scatter

from the best-fit curves.

Based on these best-fit curves, the compressibility and

permeability for the dredged material under consideration are

given by: 10 21 � -0.22

k = 5.01 x 10

when o is in g/cm and k is in cm/sec.
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COMPUTER ANALYSIS

FLINITD

FLCONTD

QSNONUD

QSUNIFD

FLINITS

FLCONTS

QSNONUS

QSUNIFS

The "FL" programs analyze consolidation during filling

for a given period of time, or until a specified height is

reached. The "QS" programs analyze consolidation during

quiescent, settling for a specified period of time. The final
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As dredged material consolidates, the void rat.io typically

spans an enormous range; e.g., an initial void ratio of 25

to a final void ratio of 4 or less. The classic Terzaghi

consolidation theory cannot be used to analyze the behavior

of this material, because the theory assumes infinitesimal

strain  constant void ratio!. Consequently, finite-strain

consolidation theory must be utilized. In recent years, many

large-strain solutions have been obtained  Gibson, et al., 1967;

Olson and Ladd, 1979! Currently, the most useful solutions

for predicting the consolidation of dredged materials is a

family of finite difference computer programs written by

Prof. Frank Somogyi of Wayne State University, under contract

to Bromwell Engineering.

These computer programs are based on sound geotechnical

principles, and they use a sophisticated formulation of large-

strain, non-linear consolidation theory. There are presently

eight programs, which have been named:



letter "D" denotes those programs which permit double drainage

through both the top and bottom surfaces of the dredged material.

The final letter "S" denotes those programs which are restricted

to single drainage through the top surface of the dredge

material. All of the programs are one-dimensional and assume

that the dredged material is always submerged; desiccation

as a function of time cannot be simulated at this time.

The FLINIT programs are used to analyze consolidation

during an initial filling period.

The FLCONT programs are used to analyze consolidation

during filling over an existing deposit. The FLCONT programs

must be used whenever a change in the filling rate occurs,

or when filling is resumed after a period of quiescent settling.

The QSNONU programs are used to analyze consolidation

during quiescent settling of dredged material in which the

void ratio varies with depth. The QSNONU programs are utilized

when filling is stopped, either permanently or temporarily.

The QSUNlF programs are used to analyze consolidation

during quiescent settling of dredged material in which the initial

void ratio is uniform with depth.

In addition to the compressibility and permeability of

the dredged material, the computer programs require the

following input. parameters:

~ Area of disposal site

o Maximum height of fill

~ Fill rate of dry solids

~ Initial void ratio

~ Filling period

~ Surcharge.
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The output includes predicted settlement, void ratio,

and pore pressure versus depth and time. The output of one

program becomes the input for the next program and virtually

any sequence of filling and quiescent settling can be analyzed.

A typical analysis may require first a FLINITS run, followed

by QSNONUS, FLCONTS, QSNONUS, FLCONTS, etc.

An example is presented in Fig. 11. In this case, the

purpose of the analysis was to determine how much dredged

material could be placed in the Nainside disposal area. The

starting point for the analysis was January l979; the dredged

material had already been consolidating for some time and the

surface had settled to an elevation of slightly less than

l7 feet. Using the computer program QSNONUS, it was predicted

that most of the consolidation would be completed within 200

days. The program FLCONTS was then used to analyze the effect

of adding 250,000 tons of maintenance dredged material. These

analyses were repeated until it was found that the additional

increment of dredged material that could be placed in the

disposal area was declining rapidly. This is the effective

life of the disposal area, which was predicted to be

August 1981. The final height, after consolidation was also

predicted to be approximately elevatian 17.5 feet and the

average final void ratio will be 3.6.
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DESIGN GUIDELINES

The computer programs described in the previous section

are extremely powerful analytical tools. However, they are

not particularly convenient for use in design, where a number

of variables must be considered, balanced, and traded off.

This is common in most fields of engineering: the design for

a project is based on experience, local practice, codes, and

rules-of-thumb; a sophisticated analysis is then performed

to confirm the design. For example, earth dams are frequently

designed on the basis of experience; then, the slope stability

is analyzed to confirm that the embankment has an adequate

factor of safety.

Hence, design guidelines have also been developed for

sizing dredged material disposal areas. While not as accurate

as the analytical methods, the design guidelines provide a.

simple and rapid means of estimating the amount and rate of

consolidation of dredged material. Once a design has beep

selected, the analytical methods are used to check and refine

the predicted consolidation behavior.

It should be pointed out that. these design guidelines

have been developed specifically for the conditions at this

project. They are not necessarily directly applicable to other

dredged material disposal projects. However, as more exper-

ience is obtained with these testing and analytical techniques,

it is anticipated that the guidelines can be generalized.

There are generally two types of dredged material disposal
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that must be considered:

~ Project dredging, in which a large amount of material

is deposited in a short period of time, usually less

than a year.

~ Maintenance dredging, in which small amounts of material

are periodically deposited over the life of the project,

typically 30 years or more.

Design guidelines for each of these are discussed in the

following sections.

Pro'ect Dred in

A typical filling schedule for project dredging is shown

in Fig. 12. During the filling period, material is added to

the disposal area at a high rate and only limited consolidation

can occur. High pore pressures remain at the end of filling

and considerable consolidation occurs during the quiescent

period. En the example in Fig. 12, the ultimate height of

the deposit is less than one-third of the initial height after

filling.

Computer analyses of project dredging have been performed

over a wide range of conditions, and it has been found that

the filling schedule can be approximated as follows:

h 6 07 x 10 {} ht1

0 21 {}0 45 ~t0 l5

hu=l - 2»10 ~Q~t

eu = 44.18 {}ht! � 1
-0. 28
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9p 3. 76 x 10  Qbt!

90 = 13.29  Qbt!

9p = bt 0 ~ 15 + 4.40 x 10 Q

where the subscript.

i denotes initial conditions after filling

u denotes ultimate conditions after complete

consolidation

90 denotes a point when 90% of the consolida-

tion has occurred  h = h. � 0.9 h. - h !!
90 i i u

and

h = height of the deposit  ft!

e = average void ratio of the dredged material

g = instantaneous fill rate  tons/yr/ac!

bt = filling interval  yr!

For example, say the project dredging requires the disposal of

8000 tons of dry solids per acre per year for a period of one

year. Then,

h. = 6.07 x 10  8000! �! = 27.7 ft

e. = 0.21  8000! �! � 1 = 11.0

0. 0125  8000 ' 1! = 8. 1

and so on.
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Thus, it is possible to estimate the initial fill height

 which controls the design elevation of the surrounding embank-

ment! and the ultimate height  which controls the eventual

land-use/reclamation options! by simple hand calculations.

It is important to note the influence of the exponents

in these expressions. Thus, if the filling interval in the

previous example is extended to two years, the instantaneous

fill rate would be reduced to 4000 t/yr/ac and the initial

height would be l8.3 ft. Therefore, the same mass of dredged

material could be stored in two-thirds of the initial volume.

The ultimate volume, of course, would be pxecisely the same.

Alternatively, if the area of the disposal site is doubled and

the filling interval maintained at one year, the instantaneous

fill rate would be halved, and the initial height would be

just 10.1 ft; the ultimate height would be 4.9 ft.

In this way, various alternatives for operation of the

disposal area can be considered and traded off against other

factors, such as foundation conditions, pumping distance,

availability of embankment construction materials, reclamation

alternatives, land-use priorities, etc. After an optimal

design has been developed, a more detailed analysis is then

performed to check the design and make minor corrections.

Maintenance Dred in

A typical filling schedule for maintenance dredging is

shown in Fig. 13. Usually, most of the consolidation of the

previously deposited dredged material occurs prior to the

addition of the next increment of material. This is what



distinguishes maintenance dredging from project dredging.

Again, computer analyses of maintenance dredging have

been performed over a wide range of conditions, and it has

been found that the filling schedule can be approximated as

follows: 2.2xl0
T

7 ' 78

�0.28

+ 57 x 10 ht

l 7 78t + os 55Q
t+l T gt0.05

where,

t = total elapsed time  yr!

ht = filling cycle  yr!

h = height of dredged material at end of

each filling cycle

h. = height of dredged material at end of

3. each filling interval
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For example, if the instantaneous fill rate is 2000 tons/yr/ac,

the filling interval is 0.25 yr, and the filling cycle is 1 yr,

then

  22!�000!� 25 t0.72 ~iI t+Zt  l
1. 57 x l0 �000! �. 25! ~ l. lt + 1. 1

thus, at t+ht = 30.25 yr,

hi! t t = 1.1�0! ' + l. l = 13.8 ft

ei I t+ht

As before, various alternatives can be considered for

operations of the disposal area, and an optimal design can be

developed.
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CONCLUSIONS

An integrated program has been developed for the measure-

ment and pred.iction of consolidation of dredged material. The

program consists of field testing and sampling, laboratory

testing, and computer analysis. Geotechnical principles and

test procedures have been used to determine the compressibility

and permeability of soft sediments and slurries. The primary

objective of the program is to express the void ratio, e, and

permeability, k, as follows:

e =AS

k=Ce
D

The first expression determines how much consolidation will

occur; the second determines how fast it will occur.

In the field, techniques for sampling and testing extremely

soft sediments have been developed; these include the piston

tube sampler, pressure probe, and nuclear density probe.

In the laboratory, slurry consolidometer testing has been

extensively utilized and is now becoming routine. It is

expected that many more laboratories will have this equipment

in the future.

Finally, sophisticated computer programs have been written

which can be used to simulate virtually any sequence of filling

and settling in a disposal area. In addition, design guide-

lines have been developed which simplify the evaluation of a

disposal area and significantly reduce the number of computer

analyses required. Presently, these design guidelines are
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only applicable to the project descxibed in this paper;

additional research is required to expand and generalize these

guidelines for other projects.
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Classification

Grain Size

MH, CH

79% finer than a
No. 200 sieve

LL 40 � 200
PL = 20 � 60

PI = 20 � l40

Plasticity

2.6Specific Gravity

Dry Density

Water Content

Void Ratio

19 pcf  Initial!

290 0  Initial!

 Initial!7.5
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EARLY DREDGING

ON THE TEXAS COAST

by

David Fenwick Bastian*

Having and maintaining a navigable channel to a port spelled the

difference between prominence and oblivion. This paper will discuss

the f irs t dredging at Corpus Chris ti and the f irst dredges used at

Corpus Christi and Galveston and will trace the fate of these dredges

through the Civil War.

*
Department of the Army, Waterways Experiment Station, Chesapeake Bay
Office, Stevensville, Maryland 2],666.
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As early as 1834 records show navigational problems along the Texas

coast. Three years later, during the Texas war, Great Britain~a consul in

Mexico used the occasion to send. Joseph T. Crawford to explore the Texas

coast to look for promising harbors. From his survey 5e concluded that

Corpus Christi. did not hold much promise. Henry Laurence Kinney apparently

thought otherwise because he established a trading post on Corpus Christi

Bay by the end of the 1830's. Shallow water was, in fact, an impediment

to traffic into Corpus Christi Bay exemplified when Texas was annexed by

the United States, troops under General Zachary landed at St. Joseph' s

Island July 22, 1845 but because of the shoals they had great difficulty

transferring to the mainland.

Despite navigational problems Kinney's trading post became Corpus

Christi on May 30, 1846 but because of these same problems the army moved

south to Port Isabel in 1848 ~ To protect his trade, Kinney's advertise-

ments for new settlers resulted in semi-monthly packets plying in waters

between Corpus Christi and New Orleans. This promoted merchants from

both New Orleans and Corpus Christi to band together, believing that

Corpus Christi could serve as the port city. A wagon route was established

between Rio Grande City, Micr, Laredo, and Corpus Christi, and William Mann

of William Mann and Company, General Commission and Forwarding Nerchant,

2
contracted for construction of a 170-foot wharf to ship and receive goods.

Corpus Christi's position as a port was enhanced by the 1849 gold

rush which promoted the building of another wharf and Indian hostilities

in the interior resulted in the Texas Rangers establishing a post, The

very next year, Port Nerzill was established for the army and Corpus

Christi became a depot for military supplies.
3
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During the Mexican hostilities the United States government realized

the deficiencies of navigable depths to the Texas mainland. In November

of 1846, arrangements were made for the construction of a steam dredge

for service at the mouth of the rivers of Texas. Expenses of the dredges

were to "be set to the account of Mexican hostiliti'es," according to the

Quarter Master's report to the 30th Congress, I Session.

The dredge was built in Louisville, Kentucky, by J. Hulme under the

direction of Lt. Col. S. H. Long of the U. S. Army Topographical Engineers.

The LAVACA was fit for service by March of 1847. She was furnished with

two dredge ladders, four mud scows and various artic1es of rigging  See

Figure 1!.

Cost of the completed dredge boat amounted to $20,000 according to

the report:

"The cost of the dredge boat, including four mud scows, the materials

for which are all prepared and ready for putting together; also three

anchors, various articles for rigging and cordage, smith's and engineer

tools, etc, has amounted to $18,372.04. The charge for safekeeping and

protection, since the time of her completion amounts to about $60 per

month. To which must be added the expenses of recaulking her boat tops,

or sides above water, now in progress, together with the purchase of

cooking apparatus, and other furniture for the accommodation of her

captain and crew when employed; the whole of which will probably amount .

to about $1,500, making the whole cost of the dredge boat when furnished

in all respects, about $2Q,OOO,"

The following table showe the Quarter Master's statement of accounts

from the dredge boat LAVACA.
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TABLE 1

Receipts on account of steam dredge host LAVACA
1846, November 16. Treasury draft No. 4425, on war
warrant No. 6535, payable to order of Lieutenant
Colonel Long, for ...........
1847, January 15. Treasury draft No. 5019, on war
warrant No. 7205, payable as above, for ..........
March 20. Treasury draft No. 5996, on war warrant
No. 8058, payable as above for .. ~ .. ~........ ~ ~ ~ ~ ~

Amo un'ting to ~, ~ ~ ~ ~ ~ ~ ~ i ~ ~ g ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ a ~, a l E ~ ~ ~
To which may be added the amount of treasury draft
No. 5363, on war warrant No. 7617, misdirect:ed,
returned as dead letter, reforwarded August 11th,
and received August 16th of the current year,
viz ~ ~ ~ ~ ~ ~ ~ i a a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~

Total amount of receipts on account of dredge

$5, QOQ.0.0

5,QOO.OO

S,QGO.OO
18,000.00

5,0QQ.QO

23,000.0Gb oat ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~, ~ 92 ~ ~ ~ t ~ ~ ~ t ~ ~ ~ ~ ~ t 1 ~ ~ ~ ~ ~ ~ ~

Expenditures on account of steam dredge boat
LAVA' 1847, January l. Amount expended on account
of dredge boat in 4th quarter of 1846
April l. Amount expended on account of dredge boat
in 1st quarter of 1847 ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
July l. Amount expended on account of dredge boat
in 2d quarter of l847

Amount of expenditures

5,0QO.OQ

5,020. 00

8%372.04
18%392.04
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In the Congressional report, it was revealed that during the LAVACA's

trials "her efficiency in dredging to the depth of 9 or 10 feet below the

surface of the water, has been proved adequate to the raising of at least

150 cubic yards of mud and sand per hour, and her speed through the water,

when propelled by her own machinery, equivalent t:o at least 8 miles per

hour." 4

Despite her capabilities, for some reason, the LAVACA lay idle on the

Ohio River at Louisville for the next eleven months.

The war between the United States and Nexico was settled by the

Treaty of Guadalupe Hidalgo in February 2, 1848, but troops remained in

Texas and the southwest along the border, and those troops needed supplies.

Enterprising businessmen began to campaign for hex use in deepening the



channel into Aransas, Bay and Carpus Christi, Texas.

J. H. Blood, owner of a mercantile firm in New Orleans, Louisiana,

had by January of 1849 obtained the support for the project from the

Texas and Louisiana delegations in Washington. Appeals vere sent to

William L. Marcy, U. S. Secretary of War, to permit Blood to use the

dredge.

On January 2, 1849, Texas representative F. Pilsburg vrote:

"The review of this letter, Mr. Blood of New Orleans solicits your

department to make some arrangement by which a "Dredging Machine" made

and prepared for deepening the channel into Aransas Bay and Corpus

Christi and which vas ordered by the government to facilitate the trans-

portation of supplies for the Army of Genl. Taylor."

"The Army, I believe, left the point before the "Machine" was com-

pleted, notwithstanding na army occupies the position which Genl. Taylor

held. Yet large supplies are sent by the Government into that quarter

for the troops on our Western Boundary of the United States. Could not

the departaent under these circumstances cause the machine, naw lying

useless, to be put in operation. Mr. Blood is well acquainted with the

soundings and is prepared to detail the amount of expense that would be

required to deepen the channel sufficiently for the Steam Boats which

ply between New Orleans and Matagorda Bay."~

In addition to Representative Pilsburg, Senators Sam Houston and

Thomas Rusk of Texas !oined Senator W. Dawns and Representatives Isaac

Marse, J. H. Harmanson; and Emile La Sere of Louisiana in the follawing

request af January 2, 1849:



"Some gentle~en of Texas. are anxious to make some arrangements to

procure the use of a dredging machine constructed by the quarter Masters

Department to be used upon the coast of Texas. We understand that it is

useless elsewhere and feel assured that it would be of great service in

the Bays of Texas. It would not only advance the commercial interests

but will be of important advantage to the Quarter Masters Department in

reducing the price of any project which might be necessary to transport

to the frontier."

"We hope therefore that they may be able to procure the use of the

machine." 6

The request was received on January 5. Robert E. Lee endorsed the

request from a military point of view and routed it to his superior.

Meanwhile, Blood contacted Brigadier General Thomas S. Jesup directly

on January 19, 1849:

"The Louisiana and Texas Delegation having addressed the Department

with a view to consummate an arrangement, whereby the United States

Dredging Machine now at Louisville may be assigned to the use of the

undersigned, the object of this is to inform you that he is now prepared

to make such a contract for the use of it on behalf of his mercantile firm

J. H. Blood & Co. of New Orleans, on the following terms and conditions:

to wit--:

"That he will receive, take charge of and place this machine in

perfect order, and employ the same in opening the channel as far as

practicable between Aransas and Corpus Christi Bays, after which he agrees

to return it to the officer whom the Department may delegate to receive it,

in good and perfect repair as when received, subject of course to the usual

wear and tear incident on the use thereof.
�7



Blood was prepared to enter into bond to secure the use of the

LAVACA and referenced Colonel H. L. Kinney and Wi1lfam Mann as security,

,General Jesup recommended the pro!ect 5e approved with some conditions.

In his letter to Secretary Marcy, he said:

"If individuals were not disposed to execute the work, I. should con-

sider it of sufficient public importance to recommend that it be done by

the military. I therefore recommend that the Dredge Boat be placed in the
1

hands of the gentlemen recommended by the Texas & Louisiana Delegations,

on a proper guaranty that the boat be completed and put into a condition

to execute the work at the expense of the persons desiring its service,

and that the most energetic measures be adopted to execute the work and

that the boat be returned within one year from the date of its arrival

at Aransas Bay should the Quarter Masters Department require it."   8

This massive campaign ended anticlimatically on January 22, 1849 when

Marcy, the Secretary of War, wrote on the back of the Rusk, Houston, et.

al. letter "approved, 22 January, W. L. Marcy."

In 1851, money was raised by private subscription to open a channel

through Aransas Pass to Corpus Christi thus creating the g-teway for

Mexican trade. Channel work was commenced assumedly by Col. Kinney who

is recorded to have bought a dredging machine in 1848. More probably the

dredge referenced was the LAVACA which was made available sometime after

January 1849.

It was on February 16, 1852, that a charter was taken out by James

K. McCreary, Ebenezer Allen, Henry L. Kinney, Forbes Britton, Frederick

Belden, William Mann, William H. Jones, and Walter Merriam. The Corpus

Christi Navigation Company proposed to take over the channel work done in

1851, and issued stock certificates to the citizens who had advanced those



funds. I.t further proposed to continue the work and make the charms.l

available for steamships and other vessels from the town of Saluria, on

Matagorda Eay, through to Corpus Christi. Tolls were to be charged on all

vessels passing through this channel at the rate of $1.00 per foot over

ll
and above three feet, etc.

On May 15, 1854, the committee on deepening or cutting a channel

from Aransas Pass to Corpus Christi made a report.

Mayor C. R. Hopson cast the deciding vote to authorize the channel,

after Aldermen X. R. Peterson, Ben!amin I". Heal, NcMartin, Blucher, I.ove

and Somers Kinney had reached a deadlock.

The committee's proposal was to issue bonds in the name of the city

for $50,000, drawing 8 per cent interest, for digging the channel "as

provided for and contemplated in the charter granted by the legislature

during the session of 1853 and 1854.'

Purchaser of the bonds would make a survey and begin work on the

channel, which, the contract provided, would be cut to not less than 5

feet deep at ordinary tides during the first year. Thereafter the

channel would be deepened to 6 feet within three months, and the con-

tractor could cut it on down to 10 feet.

The contractor would collect all tolls on the channel until the bonds

and interest had been paid off. The city would get 10 per cent of the

12
profit, the rest would amortize the bonds.

It was a fairly simple proposition, and at the next meeting Alderman

Somers Kinney accepted it, taking the bonds at 20 cents on the dollar.

He didn't know it, but he was heading for trouble.

That was 1854, and he had to cut the channel to 5 feet by the spring

of 1855. The old records don't give detai.ls of his difficulties, but
/
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January 15, 1855, Alderman Barnard had to come ta his rescue.

Barnard got the aldermen to extend the contract to January 1, 1856,

because "said Somers Kinney had met with misfortunes, hinderances and .

delays unforeseen by the wrecking of the Dredging Machine." i~13

The extension belatedly set the width for the channel; 60 feet,

to be widened as commerce might require.

By June 23, 1855, the board of aldermen was rangling over terms of

the contract and requested Kinney to submit a written proposition. Two

days later they extended his time to August 1, 1856, provided that by

February 1 "he shall have a good and serviceable dredging machine actually

at work ... and that he continue from day to day actually snd energetically

engaged in completion of his contract ~ .. and cut channels through the

places known. as 'Mud Flats' and 'Mouth af the Shell Flats' to depths of

14
8 or 9 feet."

The city government evidently wanted action, and weren't getting it.

Kinney seems to have found the job too much to handle by himself.

Therefore, he arranged a business deal with Dean S. Howard of Lyonsdale,

New York, who had just patented a dredge January 9, 1855, to provide a

dredge and take over the dredging project. Howard was an experienced

dredge builder and operator having had previous contracts with the Corps

of Engineers on the Creat Lakes. Howard described his business arrange-

ment:

"I have got a charter or a job under a charter from the state of

Texas to open a channel about a mile long leading into Corpus Christi

harbor for which I am to receive tolls on all vessels that pass through

it at the rate of 5 cents on every barrel bulk of freight."

"I expect to complete it so far as- to begin to take toll by the 1st



of May next but the out lay will be ao large that I must get up soaa little

capital to keep me along until the tolls will pay, If you can help me any
�15let me know soon at Lyonsdale."

On October 10, 1855, the alderman of Corpus Christi approved the

Howard dredging contract.

More extensions of time followed. On January 14, 1856, the aldermen

repealed the August 1 deadline if Kinney would have a dredge by March 1

and be at work by May 1. 16

But by February 5, 1856, Howard reported the status of the dredge:

"Nothing of consequence has yet transpired to afford anything in

the way of business gratifying to communicate. My goods and machinery

or lumber for the Dredge has not yet arrived but I still hope they are

all safe,"

Howard subsequently enlarged his company, taking in D. E. Watrous

and J. C. Riddle, and by April 28, 1856, three extensions of time had

been granted.

Realizing that further inducements would have to be held forth if

the project was to be put over, the citizens of Corpus Christi petitioned

the State Legislature, and accordingly in August of that year the Channel

Land Grar,t found its way into the statutes, donating to Dean S.. Howard,

Somers Kinney, Daniel Watrous and John C. Riddle sixteen sections of land

for each mile of ship channel, not exceeding seven miles, eight feet deep

by one hundred feet wide, through the mud flats between Aransas Pass and
18

Corpus Christi.

By November the dredge was- still uncompleted. Howard explained to

his brother:

"My business is going on well, I have the Dredging machine nearly
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ready to launch and the machinery all on the way from New York. I have

until the 1st of April next to begin the canal whict is all the time I

want. Shall probably finish it before next Fall. After I have kept it

open six months I receive from the state in addition to the tolls of 5C

a barrel 8 stations of land and when I have kept it open 18 months I get

8 stations more for each mile of canal not exceeding 7 miles which makes

112 miles of land in all in addition to the Tolls of 5 cents for every

barrel of freight passing through it."

Howard's dredge was completed in 1857  See Figures 2 and 3!. He

described it:*

Figure 1 is a side view of a dredging machine calculated to deposit

in lighters, over the stern or at the sides, as occasion may require. It

is also calculated to work with any shape bucket best adapted to the

material to be excavated.

Figure 2 is an end view of the same showing the facilities for lateral

deposit. The same letters refer to like parts in each.

A is the driving chain-wheel, geared to the engine by the wheels and

shafting, shown in Figures l and 2.

B designates the buckets attached to the chains shown in Figures 1

and 2.

C represents the center cylinders, with the spiral scrapers and hooks,

for loosening and conveying the material to be excavated, from the center,

each. way, to the buckets.

* Howard's figure references are shown in Figures 2 and 3 of this paper.
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D, in Figure 2, represents short cylinders on the ends of the cylinder

shaft, E, Figure l, with spiral scrapers for conveying the material to be

excavated, from the outside to the buckets.

The short cylinder on the port side of the dredge, Figure l, is left

off, to show the lower chain-wheels and the lower attachments to the

ways .

F is one of the lower chain-wheels, attached to the cylinders and

driven by the chains, in the same manner as the chains are dri.ven by the

driving chain-wheel, A, by cams fitting into alternate links of the chain.

G is one of the flange-wheels seen in Figure 1, over which the chain

passes before descending to the lower chain-wheels, F.

H is one of the movable frames, which suspends the flange~heels, G,

on rollers running upon ascending ways, provided with powerful purchase-

wheels, terminating in a pinion working in a descending rack, shown in

Figure l.

This purchase is worked by a cog-wheel on the flange-wheel shaft

 not shown in the drawing!, working in a wallower-wheel, J, when thrown

into gear, for the purpose of raising the buckets from the bottom when

required, by forcing the flange-wheels, G, up the inclined ways. When

the machine is not in motion, the wallower-wheel may be thrown out of

gear, and worked by hand, with a long double crank, K, Figure 2.

By the motion of the buckets in the direction of the arrows, the

excavated material is brought up; and if it is to be deposited over the

stern, it is dumped into the movable spout, L, Figure 1, which is attached

to the axis of the flange-wheel, G, by the extension of its sides, and

moves freely within the stationary spout, M, allowing the flange-wheel,
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G, to be drawn up, when necessary, with the movable frame, H, without

changing its proper position, for receiving the contents of the buckets

as they pass over the flange-wheel, G.

N, Figure l, is the counter balance, situated about 25 feet aft of

the hull, attached to it by a truss frame and hog chains, for the purpose

of balancing the weight of the machinery necessarily placed ahead of the

hull, to enable the dredge to clear its own way. It is also used for

transferring the lighters, by attaching the empty one to the outside of

the counter balance, and the loaded one to the inside; then by the level,

0, which works the gear rollers between the counter balance and the truss

frame,, the two lighters are changed about, the empty one inside, under

the spout, M, ready to be filled, and the loaded one outside, ready to

be transferred to the dumping place. It is also used as a water tank

for the engine, which may be filled in the morning, before the water has

been disturbed by the dredging, sufficiently to afford clean water durir.g

the day.

8, Figure 3, is a perspective view of a bucket used in this arrange-

ment for depositing over the stern. It is provided with a loose bottom,

which drops with the load about two inches, rendering the discharge per-

fectly certain when at work in the worst kind of material.

When the situation of the work is such as to require the deposit to

be made on the bank, or into the lighters alongside, a bucket like 8,

Figure 4, is put on the chain, in place of 8, Figure 3, which dumps into

the lateral spouts, situated between the driving chain-wheel, A, and the

flange-wheel, G, by the tripping of the latch which lets fall the ~hole

under side of the bucket, hinged to the bolt that fastens the bucket to

the chain. This ensures the discharge of the most difficult material.
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The short receiving spouts under the buckets, and the one between

them, are hung on pivots in the center, so that either end may be elevated,

and the contents of both sets of buckets discharged on either side, or

both sides, as may be desired.

Whenever the extent of the work requiring a lateral deposit is suffi-

cient, the hull of the dredge may be built long enough, and lean enough aft,

to balance the machinery forward, without the counter balance.

When the work is situated in water deep enough in front of the dredge

to float the loaded lighters, the buckets like B, Figure 5, which dump

through the bottom, are brought into requisition, the latch to these may

be tripped anywhere on their perpendicular way up, and discharged into

a short vibrating spout, which conveys the material directly into the

Lighter, placed much nearer than it can be in any other arrangement.

Thus, saving power in proportion to the height of discharge.

Figure 6 is a gang of hooks, sometimes put upon the chains between

the buckets, when working in hard, coarse material, like cobblestone,

shale, or hard-pan. The chain is so constructed that any shaped bucket,

or any other device for loosening the material, that might be found in

practice to be preferable, may be put upon it. All the articles here

represented have been fully tested, and found very useful in their places.

No sacrifice of power, or of economy in working, has been required to

enable us to use all these appliances on the same machine; on the con-

trary, the perpendicular position of the working part of the chains,

and their passing around three drums instead of two, are great improve-

ments under all circumstances.

The perpendicular application of power secures a great economy of

friction, in the wear of rollers, ways etc, especially where no lubricating
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material can be used, nor the wearing parts secured from the destructive

action of sand and water, which must always be present in dredging.

The third drum, which constitutes the flange-wheels, G, enables us

to raise the buckets from the bottom, in the manner above mentioned, with-

out changing the perpendicular position of the working part of the chain.

It also furnishes the best possible position for the discharge of buckets

like B, Figure 3, at all times when that kind of bucket is in use. Also,

that of 8, Figure 4, which dumps between the two upper drums, requiring

nearly a horizontal position to discharge.

The bucket 8, Figure 5, is equally well accommodated. This one may

be dumped anywhere on the perpendicular part of the chain, by raising or

lowering the vibrating spout which trips the latch. This is the most

economical of all the different buckets, where circumstances are favorable

for its use, as it dumps with perfect freedom all kinds of material, and is

discharged at a much less elevation on account of its better relative

position with respect to the lighters.

In working these machines, a pully is anchored at a convenient dis-

tance ahead, with a feed line passing from one of the feed capstans, P,

through the pully and back to the other capstan, either one of which, or

both, may be worked by the adjustable machinery to any required motion,

by a change in the series of clutches at Q, or a series of wheels below

deck; while the spiral cylinders below water, with the buckets, clear

the way to the full width of the dredge, and to the depth required,

bringing up the material and depositing it in lighters, or on the banks,

or at any distance in any direction horizontally, not exceeding one in

twelve of the altitude overcome, by supporting a spout, lined with sheet

iron, of the length required, on a movable support, that it may coincide
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with the feed motion of the dredge.

Howard's dredge was an initial success. The aldermen held a special

meeting October 29, l857. Their jubilant record reads:

"Whereas D. S. Hovard & Co. having so far progressed in the great

work of cutting a ship channel between Aransas Pass and Corpus Christi

Bay as to admist vessels to this place drawing 6 L/2 feet of water,

therefore:

"Be it resolved that looking upon the enterprise as one of the greatest

importance to Western Texas, we have every reason to hope that with proper

encouragement from the state, the same will be brought to a speedy com-

pletion. We have confidence in the dredging machine, the permanency of the

channel, and that it will be dredged to a depth of LO feet."

"Resolved: That we recognize Captain Matson of the schooner Union as

the pioneer in a direct trade between this city and New Orleans, that the

reduction of the cost of freight by 50 per cent already is indicative of

future commercial advantages, and that this enterprise meets with our

approbation." » 21

For a time it looked as if this land grant would be the ~sans of

giving them a channel, but alas, matters seemed to have dragged along,

some six extensions of time had been asked and granted, and finally in

April 1858, the city, it seems, entered into a contract with Dean S. Howard

& Company, who vere to surrender the $50,000 bonds for cancellation, and

in lieu thereof eight per cent bonds to the amount of $500,000 were to be

issued.

Howard's letters to his brother continue to indicate vast indebtedness.

In June 1859 he broke from that theme long enough to inject, "We ... have

got the dredging machine on to the work again which Is to be fin ished by
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22
the first of November."

Apparently the pro!ect was not completed as specified. Howard's

letters cease after mid-summer 1859, although ten years later when writing

in the Journal of the Franklin Institute he claimed that "the channel was

finished to sixty-four feet in width" but didn't say when or to what
23

depth.
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SLURRY PUMP AND PIPELINE PERFORMANCE TESTING

AT THE GEORGIA IRON WORKS MYDRAULIC LABORATORY

by

Graeme R. Addie

ABSTRACT

1. DESCRIPTION OF FACILITY

A general description of the complete facility covering the 4",
8", and 18" diameter pipe slurry loops, the system instrumentation
and the computerized method of data collection that provides for
up to 32 different readings and allows monitoring, display, and
collection of both pump and pipeline performance at the same time.

2. SETTLING AND NON-SETTLING PIPELINE TESTING

A description of the method of carrying out pipeline tests, the
calculation and presentation of results along with the details
of sme of the results collected in the lab.

3. CENTRIFUGAL SLURRY PUMP PERFORMANCE ON SLURRY

An exp]anation of the effect of slurries on the water performance
of a centrifugal pump and presentation of some of the results
collected showing the effect on the head and efficiency.

4. SLURRY PIPELINE DESIGN AND SCALE-UP METMODS

A brief outline of the methods of slurry pipeline design and sca'te-
up being followed at the GIW Laboratory for applications and com-
parison of data.

5. SLURRY PUMP DESIGN DEVELOPMENTS

A description of the development work being carried out into pump
design and in particular the work on different head quantity,
characteristic curves, and high efficiency designs.

l
Georgia Iron Works Company, Division of GIW Industries, Inc.,
Grovetown, Georgia 30813
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1. DESCRIPTION OF FACILITY

In February, 1975, the President of Georgia Iron Works Company,
Mr. Tom Hagler decided to build a new hydraulic laboratory to water
performance test all of the companies' centrifugal slurry pumps.

Equipment procurement started in March, 1975, by ordering of a mini
computer data acquisition system.

Work commenced on the lab in duly,1976, by erection of a Butler Build-
ing and the laying down of a 20,000 gallon concrete sump.

By late October, a facility compromising two water test loops of 8" and
18" pipe diameter was in operation carrying out head quantity and suction
performance tests on pumps up to 16" in size.

In August of the following year, an 8" diameter pipe slurry loop was
installed to enable pipe friction and deposition velocity of a slurry to
be measured in an 8" inside diameter pipe.

With the encoragement of Reserve Mining in Minnesota and IMCC in Florida,
this was followed in March, 1978, by the addition of over 300 feet of 18"
diameter pipe to make up an 18" diameter pipe slurry system complete with
head loss and deposition velocity observation sections.

The office and shop areas of the lab were again expanded in April, 1978,
to provide further expansion to the test sections and staff facilities.

PUMPS SET UP INSIDE LAB FOR TESTING
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The GIW Hydraulic Laboratory is now one of the largest and most
sophisticated labs of its type in the world. With multiple slurry test
loop systems, a wide variety of instrumentation, and a unique multi channel,
extremely flexible and high speed system of monitoring, displaying, and
storing data.

The GIW Hydraulic Laboratory is set up to carry out both pump and
pipeline performance testing on water and slurry.

Three test loop sizes of 4", an 8", and an 18" diameter pipeline are
available for open sump pump head quantity or pipeline tests using water
or slurry.

OVERALL VIEW OF INSIDE LAB

Each system has its own pump and electric motor drive. The 4"
system has it's own 4x6LSA25 GIW pump with 75HP 480 volt motor. The
8' system has an 8xlOHE32 GIW pump with a 200HP 480 volt motor. The
18" system has an 18x18ME44 GIW pump with a 2000HP 4160 volt motor.
A separate 400HP 480V starter is available for additional testing.

Drive train arrangement is V-belt for the 4" system pump, V-belt
or direct for the 8" system pump, and di rect for the 18" system pump.
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Each system is provided with offset taper pieces and adjustable
sections so that other sizes of pumps can set up and be tested with a
minimum of change.

Maximum flow in the 18" system is 30,000 GpM.

HEAD LOSS AND INCLINE SECTIONS FOR
4", 8" AND 18" SLURRY SYSTEMS

Each of the slurry systems is l aid out as a large right angled
triangle connecting into an open elevated slurry tank at the right
angle corner. Each system has its own separate slurry tank, but these
are connected together by the 4" system recirculation pump. The slurry
systems each are made up of over 300 feet of piping.

Closed loop pump cavitation performance testing is possible in the
8" and 18" systems.

The closed loop test systems use the same suction and pump dis-
charge pipe sections that are used in slurry test systems. Separate
return sections incorporating the orifice plates and a special
sealed tank complete the water test closed loops. The sealed tank is
set up so it can be pressurized or evacuated of either air or water.

Closed loop to slurry system changeover in both 8" and 18" systems
is arranged by transferring a section of suction piping and throwing
valves on the discharge side.

131



18" GLASS FLOW OBSERVATION SECTION

Head loss in the slurry system is measured over 100 foot long straight
sections of pipe set clear of any bends or obstructions.

The 4", 8" and 18" systems are equipped with glass pipe sections for
observations and deposition velocities. These are located in special
sections of pipe that may be inclinded in any position from horizontal up
to vertical, The inclines may be varied during a test.

'The 4" system is designed to allow wear testing. Equipment is
available to allow strain gauge, vibration, noise, and viscosity measure-
mentt.

The Data Acquisition System used in the 'lab is comprised of a
spec~ally configured 13 bit accuracy  8191 Digit!, 32 channel analogue
to digital conversion unit and a 32K, 16 bit word mini computer, with
control console, printer and plotter peripherals.

This uni t is set up to monitor the output from up to 32 transducers
and at regular intervals convert the transducer outputs into readings
and results for display on the operator's console. The unit is also
programmed so that any set of readings that are displayed may be
recorded as a data point, and that up to 15 data points per test,
may be recorded. At the end of the test, the readings are stored
on casette, printed out, and plotted as required.
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Conversion of the transducer output is carried out at a rate
of 4400 readings per second. Digital values are collected, averaged,
and converted over a monitoring time that can be varied at the operator's
consoles from 0 to 200 seconds.

The averaged digital values for each transducer are converted into
the different pressure, flow, and torque readings at the end of each
monitoring period.

The resultant efficiencies and friction factors required are also
calculated at the end of each monitoring period and held in temporary
storage with them.

The averaged readings and calculated results are then displayed
on the operator's console and a new monitoring period commenced.

TESTING A PUMP USING THE MINI COMPUTER SYSTEM
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At the end of each monitoring period, new read1ngs and results are
calculated and the screen refreshed.

A data point is normally taken to be a set of readings taken at
steady flow conditions.

Steady flow conditions are assumed to exist when the monitored
readings and results remain reasonably constant over several monitoring
periods.

Record1ng of the steady flow condition readings and results for
all 32 channels is carried out by depressing a single key of the
operator's console. This stores the readings and results for all
channels permanently and incriments the display line feed ready for the
next line of monitored output.

MONITORING PUMP PERFORMANCE AT THE CONSOLE

A test is usually made up of 10 to 15 points taken at different
system steady flows.

The console display and printed output are varied to suit the type
of test being carr1ed out. The console display normally includes only
key readings such as pump head flow and effic1ency along with pipeline
velocity head loss and slurry specific gravity. Basic test types allowed
are either pump head quantity on water only, sigma suction performance on
water only, or slurry test.
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Slurry tests are normally tests of both pipeline and pump performance
on slurry since the mini system makes it easy for both pump head and
power to be monitored simultaneously with pipeline velocity, head loss,
and specific gravity.

PWF ICST IATA fM Olv MIN&i 44WISI CN UIC ttWt 50tlttCC INSTktWEN1 RCDSRtk IRWt WALI Cs.P 0 Wtv 424DWNL T last
OEMOIA ZMTZ

PktLNCTPtRF ITPCci.lKNTS tWMS 151ACMNRLT &RWWS WlEttCLL DaIWW IWlttPKLLM IH 1stINMLLCI 4las

~ ~ MM OLVMT TERT41$ 1 ~ '/l0' NC 1 ~10' ~ 1 ~ CLINAT LOOP103001$770I 047D~ 5 $. ~ 1$' ZI ICS Dur NORL MICS ND Slu COMMMRIAL ND 5012 MtsVCDr CuavC NO N $1 -10
TEST MTC 04/M/70

Pts& MTATION
HVMMTATIC 101 ISI siTtt1$4CO

Mltlss ICTAIL
IT AK LII NOTOAtW/C ~ CFHAK ELECSERIAL tst 5511FZt~ MM 011C 01404MtNN ~ 340 WN Sff 41144 VW.IS 3 ttNRC IO C15

EIALID PKtvs&rttscc FACIAS
stECS IW MTID .00ltlP TIWN &MN RATIO . 04NKRTWA NIIVN RATIO,SOSCALE Asvltt OO~ It ICF tW/,ktttCFFICIKNCT 03 ~ V .40

IC5T RESULTS
HO tuKLOCTTTTuaI' T/0lt ~ ff
SI147092I II II 1~ t.vl 92I ll St 1I 1 10.21 17 1 ~ ,92 ~
~ t I tS' ~ 1 ~

ttsrTA
1 F 1litt 1IISF.I 1I ~ Ov ~ 1 1:140. ~1 101 ~ 11141. ~tiff.3tl40 I 111M.4

54, I $0 ~tl t
1,SP2 1 1 15.ttIri I ~~ 'PI 3 I I 17~ ttl t I M

,trl 1 1, M.ttl 1 1.12.Ptl t l,ilffl 1 1+48.ttl t I 04

:fklCTIDN FICTACtWZINt10 1 F tw.Ltt411 1 M1% sst C 1t,olM r .0130 »Zo,r1 &1st I .tlls t 121 t
1 0213 92, ~ Ilt 1 lM1 -03$1 t 01Rt1,0302 t,kllk r,0370 r .4130 t4IZO 1 4131 1 171 .47'll t 4133 I 40 1I .4IIF t ~ 0130 1 1s.t

FL&tt
OIL/Hiltls115 ~ ~I REM. I
lM47 7t241. 2~ 475 I7IIZ. 1~ 450. I$414 I1117 ~

L&1140
fT/fv
~ 05370304
~ tto-0120~ IM. 4 I II.4111,0040~ 0027

I INtLut% tCtWC t1 CvI1 ' ~ ~
Ii I1 ~ ~' ~ .I
7. I

I 1

IH ION 1CtWC. tCrt 5
71 ~ 120.313 ~72 ~ 174 ~ iiv 5it ~ I~ I~ 7 1

Nl 50stt&N/Ha'11 1 ~ &' ~ 14.2
724 71~ 'l7ZIS.SZZI 01015 ~ 3

Rcrtsa.00ts/NSCA
at~ ~ I IK F41t llkl IOI. MMIOP~ MICt07ZIAZIOI~ ZIIII07.ttZKIarI ~ /CISF~ 'I IWI t04

TPTPILTIHt I ~ t't FT/fv
04351 .05t' ~
.0000 It ~ 05 I 11 .050t 1. 4IIS1 .Otlv1 .0134 1.00' ~ 3 t

1 ~ -I
~ a-kv
WWWIO
15$1~ 1011. 2111,244 ~
AM 2I .MIF

T INC 1
1 tst,M 11 lIM 1II M 11 1740 11 tv I ~ 11 17 tl 111 ~ 1'I 11 it ~ 20 11 1 I ~ 12 1it 11

sCM414 lklw sokaS CO. COWHttl E
TEST ENETNKCR I R, lttfrcrv I*vE It/lt/Ft IWWINIT SANO PLVI 5 IARAIL'I Dr FKIILCC FDA Olv ILVRat CDNAECstlllONW'1 010 DIIKRIHII 10 Fsstt ~ i ~ ~ 2 tT/Slcsl rttKISES Iv NIDUS 1 Isk OTV SLVIST COURSE ttO HTITISC ~ 15 f INC ~ APPCIIC ~ Tu IITTLE SLlkttT11 aacak oacut 1

TYPICAL SLURRY TEST PRINTOUT

Printed output is available immediately after a test is completed.
It covers all readings taken and includes such calculated values as
Reynolds Number pipe friction, fluid temperature, and volume concentration
of slurry.

Because of output sheet space limitations, printed output for slurry
tests are usually separated into pump oriented and pipe oriented output.

All test data is stored on cassette for later use. Plotted output
is produced automatically for pump head quantity and efficiency per-
formance. Metric plots and printouts are available by calling on special
options. The mini computer is also programmed to allow speed change
or size scaling adjustments to tested performance.

PUMP TEST PLOTTED OUTPUT
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ROSENOUNT PRESSURE TRANSDUCERS

Over 30 different preci sion transducer-type instruments are available
for use with the mini computer system. Each of these has an analogue out-
put that can be connected into the analogue to digital conversion unit.
A special patching system is provided so that the instrumentation for a
test may be varied easily.

Sufficient transducers are provided so that for a normal test, every
reading is duplicated. Pizometer points are also duplicated so that
every primary reading is backed up by some secondary reading. The mini
computer has been programmed to allow readings and results from primary
and secondary sources to be seen alternatively at a single key command.
This enables the test engineer to see immediately if any readings are
wrong because of blocked pizometers, etc.

LEBOW SERIES 1100 TORQUE BARS.



Each loop system has its own magnetic flowmeter, doppler flowmeter,
bend meter, and orifice p]ate. Power may be measured from a two element
type wattmeter or from one of the three strain gauge type torque bars. A
minimum of four temperature transducers are allowed for in the system
and e]even high accuracy capacitance type pressure transducers are
provided for a variety of pump head and pipeline less readings.

A large tank is avai]ab]e for flow calibration. Specific gravity
is measured by the pressure difference across the two legs of a vertical
U-loop section. A full pipe cross section sample cutting device is
available, complete with sample weight, sample volume, and time over
which it is cut for recording specifi c gravity and vo]ume. rate measurement
also.

In addition to the transducer type instruments, the lab is equipped
with a full set of manual gauges and meters sufficient to allow a pump
or pipeline test to be carried out wi thout the use of the A to D unit or
computer.

Calibration of all the instruments used in the GIW ]ab is carried
out routinely by the most accurate methods possible. Pressure transducer
calibrations are carried out using a dead weight tester, an inclined
mercury manometer, and a vertica] water column � depending on the range
of the transducer.

The magnetic f]owmeter ca]ibration is carried out usi ng a secondary
ca]ibrator. The orifice co-efficiencies are determined by calculation.
Both units are also checked against a change in volume in the 20,000
gallon sump over a timed period.

8" and l8" SAMPLER CUTTERS
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CAL I BRAT ION EQUI PMENT

The torque bar is calibrated using a precision resistor and an
electrical resistance method specified by the manufacturer,

These methods have been checked by comparison with applied torques.
All calibrations are filed and stored on cassette for later reference
as required.

Control of all tests is carried out from within the test engineer's
office using motorized valves and solenoid operated controls. Even the
sample device is operated remotely using pneumatic cylinders and solenoid
operated valves from the operator's console.

Once a system is loaded with material, it is only necessary for the
test engineer to leave his control console to observe any stratification
or deposition velocity at the glass.

The simultaneous nature of the readings and the back-up provided
by the GIW data aquisition system ensures much greater accuracy than
has hitherto been possible. The large number of measurements possi ble
enables a test to include all the variables involved and in particular, it
is possible to make a slurry test a test of both the pipeline and the
pump on solids.

A test in the GIW system using the above equipment !s able to be
carried out much faster than has ever been possible in the past. A
slurry test at several concentrations that would normally take a
week, can be carried out in the GIW system in one day.

GIW has available a large Burroughs computer and a data line
between the Lab and the Burroughs computer.

Results of tests carried out in the Hydraulic Lab can be transmitted
to the GIW Burroughs Main Frame Computer for more detailed analysis and
comparison.
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2. SETTLING AND NON-SETTLING SLURRY PIPELINE TESTING

The power required to drive a mass rate of flow of solid liquid
mixture through a pipeline is essential information in the design of
any pipeline transportation system.

This can normally be separated into the power absorbed by the
resistance to flow inside the pipe and the energy given to the fluid
as a result of any level change.

The determination of the power required to change the level of'
a given mass rate of flow is usually easily obtained and is related
directly to the final level change and the mass rate of flow involved.

The resistance to the flow inside the pipe is subject to more
variables and requires more detailed consideration.

The first law of thermodynamics states that:

The change in heat + the change in work = change in internal energy

wQ + sW = aU

If we consider the case of a horizontal section of pi pe  assuming
we are clear of all bends and obstructions!, the potential energy, the
kinetic energy, and the internal energy will remain unchanged, thus
equation  I! reduces to

6Q = -<SW

meaning that all the work expended in pushing the fluid through the
pipe is dissipated as heat.

It is not possible to measure the temperature change with
sufficient accuracy to measure the work expended.

Consider again our control volume.

5:

0>
The work in time dt

6W = P> x A x ds, - P2 x A x dsz
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where the fluid is incompressible and V is the mean velocity:

aW = P> x A x V x dt � Pb x A x V x dt

which gives us an expression for power in terms of the pressure differ-
ence across a control section of pipe.

The force involved in pushing the liquid through the pipe is re-
sisted by friction at the pipe walls. Using Newton's Second Law of
Motion, we may derive another expression for a control volume in terms
of the pressure found and the pipe friction.

gg Q<
Yo 7'

� fzA/.4 ~' V

I

P x A - P x A -<pOmL = 0
1 2

6P =~4~ L
0

where ~p is the pipe wall boundary shear stress.

The boundary shear stress can be considered as a skin drag force
on which

2
F0 = A x -cp p v x A where

2

or friction factor f gives us

Now substituting this back into the expression for pressure difference
in terms of the pipe wall boundary shear stress, we get:

6Pi 2=4f~xL
2 0
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= Pa x Q x dt

=  P, - P,!Q

introducing a drag co-efficient constant
2

Tp = f~
2.

p = fluid density
V = reference velocity

F = drag force
0



Using the relation w = pg and P = pgH where w = specific !eight  lb! r3!
p =  slugs/ft !
P = pressure  lb/ft !
H = liquid level  ft!

f ~ 2 51 ]� 2 togig [3 PP +v'j

and for values less than 2000 corresponding to laminar flow, it can be
found from the Weisbach Equation: f = 64

%e

Both of these are combined in the Hoody Diagram shown below.
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converting the pressure loss into head loss in level of liquid units we get
H = BP�-2! = 4f pv x L = 4fLV 2

pg ~xgxp D Ygg'.I
The friction factor f in the above expression depends on the Reyno'!ds

Number and the relative roughness ~
ie f = y NR, e! where D = pipe dia.  ft!

V - velocity inside pipe2 ft/sec!
11 = viscosity  lb sec/ft J
k = roughness height  ft!
NR= Reynolds Number

Noting that: NR = pVD and e = k

For the Reynolds Number values of greater than 3000  for turbulent
flow!, the friction factor for water flowing in pipes can be found from
the following relation developed by C. F. Colebrock.



The Moody Diagram covers all Newtonian fluids regardless of
viscosity and temperature. It and the previous theory enable some
understanding of the mechanism of flow and the variables involved.

A solids liquid mixture is not a Newtonian fluid, but approaches
the Newtonian fluid in characteristics for a range of solids and
appl i cati ons.

A comparison of head loss and friction factor values of the
solids liquid mixture and the carrier fluid is the main means of
collecting and analyzing slurry pipe friction data used in the
GIW Hydraulic Lab and described later.

Another less reliable but easier method of estimating and
evaluating pipe friction head loss values for Newtonian Fluids
is the Hazen and Williams C value defined as follows:

Jif = 0.2083�00! ' x FLOW GPM
C 	.85 Pipe I.D 4.8655

where hf is in ft of liquid, flow is in GPM  US!

The "C" value in this case is a number varying from about 100
 rough pipe! up to about 150  smooth pipe! which can be used to
categorize the absolute roughness. C values regain reasonabIy
constant in the range of Reynolds values 1 x 10~ to 2.5 x 10 .
Where a solids liquid mixture acts as a pseudo fluid, it is possible
to use "c" values to categorize pipe friction and estimate head loss
values.

The "C" value is used widely in the mining industry. Pipe
friction data collected in the GIW Hydraulic Lab is compared with
"C" value charts as another means of ana'Iyzing data.

The GIW Hydraulic Lab has three pipe test systems of 4", 8", and
17.25 inch inside diameter pipe. Long straight horizontal sections are
set up in each of these to enable pressure from across a given test
section to be measured.

The test sections in each of the 4", 8", and 17.25" diameter systems
are 30 feet, 50 feet, and 77.5 feet long, respectively, with straightening
sections preceeding these of 30 feet, 60 feet, and 55 feet each.

The pressure measurements are recorded with a number of different
high accuracy Rosemount differential transducers that are located in a
transducer trolley.
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Piezometers are made up out of q" NTP fittings with I/8" diameter
edge free holes into the pipe. These are connected to sediment traps
which are fitted with drain holes and vent taps. The pressure lines
from the transducers are of 5/16" I. D. nylon tube.

A clear water flushing manifold is set up in the transducer trolley
so that each piezometer line may be purged clear of sol1ds through
individual isolation valves. Purge water is provided by a separate
high pressure gtand water pump. The purge manifold can be connected
to the incli nded manometer and dead weight tester for calibration of all
the transducers at the same time.

Solenoid operated air vent tappings are provided at the top of
each pipe section. The piezometers are located at 45 degress to the
vertical. Two piezometers complete with sediment trap lines and
transducers are set up on each line so that a primary and secondary
pressure drop reading may be obtained. The primary reading may have
a low range and high range transducer connected in for increased accuracy
1f required.

A GIW pipel1ne test of a particular slurry commences with adding
a given concentration of material in the system,and then circulating,
using one of the centrifugal pumps provided.

Flow is varied by throttling with a pinch or butterfly type valve.
Care is taken to see that any pump gland or flushing system does not
di'tute the slurry.

Head loss measurements are taken at a number of different steady
flows from 0 ft/sec velocity up to about 20 ft/sec in steps of about 2 ft/sec.

Steady f]ow is assumed to exist when variations in flow and head
loss of successive readings vary by less than 1$.

Read1ngs are recorded using the min1 computer data acquisition
system described previously. The averaging period used for the
transducers 1s usually about 10 seconds.

Flow measurement is recorded at the same time. The primary flaw
reading is normally taken from the magnetic flow meter. Secondaries
usually included are the doppler and the bend meter. A sampler device
is available but is usually limited to low flows or where something
is leading the test engineer to doubt one of his other flow meters.

When sufficient readings have been collected over the range of
flows necessary monitoring is stopped and any particular test comments
noted in the comment section for later print1ng out.

The computer then calcu'tates, prints and plots the results as
shown on attached sample sheets NO. N 50-79.

The value of i is the head loss per foot of pipe in units of ft of
water pressure. The value of i� is the head loss per ft of the same
p1pe for a prevEous water test  from stored data! corrected for temperature
and at the same Reynolds number.
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The fm and f�values are similar to the im and i values except
w

that they are pipe friction factor values calculated using head loss
in ft of slurry for fm and the previous water test value for the f�.
The im - iw is the solids effect of the slurry in the pipeline

5 � Sw where the slurry specific gravity S and the water
specific gravity S are used to correct the result into a dimensionaless
term.

The plots produced are self explanatory and are as shown on
attached sample. It should be noted that each data point is included
and the line between each point is a best fit according to a moving
spline relation,

To date, over 44 slurry tests have been carried out in the hydraulic
lab. Eighteen of these have been in the 18" pipe diameter system and
the remainder in the 8" diameter pipe system. Nineteen of these tests
have been for outside customers and the remainder for GIW research.
The materials tested in the slurry loops have varied from heavy phosphate
slimes through taconite tailings, taconite ore, coarse pebble, foundry
sand to phosphate rejects and phosphate ore.

Slurries and tests associated with them may be catagorized into two
main types namely the settling or a non-settling type.

The settling type exhibits some deposit velocity at which the particles
will fall to the bottom of the pipe. This will vary with the particle
sizes. The material sizing will result in this occurring over a range
of velocities. Above this, the material will move as a sliding bed
then varying degrees of stratif'ication as the velocity in the pipeline
increases.

A good example of a settling slur ry is a foundry sand. Test results
on a foundry sand slurry are shown in attached graph of head loss versus
velocity test M 71-78 in an 18" diameter pipe at a slurry s.g. of
approximately 1.2.

It was noted in this case that the slurry was stratified at velocities
below 15 f/sec and that a fixed bed formed at velocities below 9 ft/sec.
As the test loop is a fixed inventory system, the deposition can also be
seen as a drop of s.g. in the system.

Most settling slurries exhibit similar characteristics with the
deposition velocity, the head loss and the degree of' stratification
varying with the sizing of the material, the concentration, the sizing
distribution, the carrier fluid rheology and the size of pipeline.

A few of the settling slurry tests carried out in the hydraulic
lab and i 11ustrating the above are listed on the next page.
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15 7 75 3

I LEAD
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1 5

2.5
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Deposit
Velocit

Sl urry
S

Pipe
SizeMateri a'l SizinTest No.

M95A-78

M51 -78

55 Microns 8 I I

3/8" Dia 8
70 Microns

18"1.18 9.1 ft/sec

250 Microns

270 Mi crons

Phosphate Reject 560 Microns

3/8" Dia. Pebb'Ie - 6000 Microns 1 16 8 ft/sec 8"
 started duning!

The non-settling slurries need to be categorized further in order to
analyze these fully. In general, they are comprised of fine particle
materials, and exhibit little or no deposition velocity. Their
characteristics are usually related to their rheology. The viscosity
of the slurry may vary during a test if the temperature varies. It
is often necessary to control this. The transition fram laminar to
turbulent flow will normally be seen during a test.

A few of the non-settling type slurry tests carried out in the hydraulic
lab are as follows;

Slurry Deposit
S Vel oci t

Pipe
SizeMaterial SizinTest No.

18"Phosphate Slimes 0.5 Microns 1.01

Heavy Phosphate 0.5 Microns 1.49
Slimes

M79 -78

M108-78 8 I I

8 ItKaol i n 50 Mi crons 1. 64M52 -79

The pipe friction characteristics of these vary but are typically as
shown in the plots on the Kaolin Slurry Test M52-79 attached.

152

M91 -79

M102-78

M118-78

M44 -79

Taconite Ore

Fdy Sand Coarse
Pebbles

Phosphate Ore

Foundry Sand

1.28 4.3 ft/sec 18"

1.34 5 ft/sec 8"

1.18 8 ft/sec 8"



1.5 1.5 2 2.5 3

MATERIAL Tachonite  U,S, Steel!

SLURRY SG 1. 6  III GIIEST!

DUE TOIIEAD I QSS ! CTID

IN A 7.981 ID PIP

 X 100 4 5

153

9

8

1 9
8

TEST NO. M 95A-78!

SIZING 53 Microns

SOLIDS SG 4.9

PUMP SI~ZE 6 6 LSA ZS
Ft of Slurry Units
Ft of II 0 Units

2

1.5 2 2.5
~~T

4 5 6 7 8 9

VELOC]TY  FT/SEC!

LOW ATE  US GP !

/'7

15 2 25

 X 10!



.5 2 14

TEST NO. M51-79
PIUS 5 l Ullls

MATERIAL FOUNDRY SAND2.5

~ZO ~CRONS +~~".

SOLIDS SG 2.65

+HIGHESTSLURRY SG 1.18

1.5
U Urry
Units of ft of H20

 X 10!

xl 12 .1

1.05

2.5

1.5 1.5

IN 1 .2 " ID PIPE

4 5 6 7 8 9 1
S C

4 FLOW RATE  US GAL!1,5
 X 100001

154

PUMP SIZE 18/1B HE 44
nits of ft of s7

15 2 25 3 1.5 2 2.5
X 10



2 2.5 3 .5 2

2,5 2

1.5

2.52.5

'l.5

I 5
  < 100 �!
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Fiq. 7 TEST I! 9l-79 RESULTS IN 17.28" I.O. PIPE

Vm  ft/s!



  X10

TEST NO. M102-78

SIZING 270 rm

HIGHESTURRY SG 1.34
CD
CD

1.34

[0 PIP

15 2 25

 X 100 j  X 10 0!FLOW RATE  US GPM

157

I/1 W
CD L/

MATERIAL FOUNDRY SAND

PUMP SIZE ~810 LSA 32
nits of ft of SlurU

~' Units of ft of H20

4 5 6 7 8 9 1 1.5 2
 X EO!



2.5 3

UE TO FHEAD LOSS ICTIO

1.5

 X 10!VELOCITY { FT/SEC!

41.5 2
<X i000!

150

TEsT L~ e- e

MATERIAL PHOSPHATE REJECTS

SIZING 6xl4 T Ier Mesh 500 Microns

SOLIDS SG 2. 65

P UMP SIlE Bx I 0 LSA32
,~ Units of Ft of Slurry
8 Units of Ft of HZO

/ /'

/
/

/

rj

7 5 1 1,5 P 2.5



3 4

TEST NO. M44-79

//
//

//
//

  HIGHEST!
/'6

XI.06

N N

1.04

CTI ON

2.5 1.5 2 2.51.5

 X 10!

MATERIAL COARSE PEBBLE

SOLIDS SG 2,65

SLURRY SG 1.16

PUMP 10 H 32
y Units for Ft of Mixtvre

0 LOSS a Units of Ft of H20
/IOO' !

HEAD LOSS 0 E TQ FR

IN A 7.981" ID PIPE

LCD
F/OW RATE  US GAPA! '  X 10003



2.5

2

 x loj S R

1.5

2.5

1.5 1.5

H D OS

A 7. 8" IO PIPE

'1.5 2.5

 X 10 !  X 10000! '

160

6

la.
5

 A

4

1.5 2 2.5

TEST NO. M79-78

MATERIAL PHOSPHATE SLIMES

SIZING 0. 5 MICRONS

SOLIDS SG 2.65

PUMP SIZE 20/24 HE 48

DATE 07 15 79

5 6 7 8 9 1

6

V L CITY FT SE

FLOW TE   S GALj

1.5 2 3

OUE TO FR CTION

1.5 2 2.5

X 10



2.5 31 5

TEST NO. H'108-78
HÃVV PHOEBE>TATE %TED ~

MATERIAL ~2$JJhLC16
+ SAN �O Drunis!

SOLIDS SG

AD LOSS
I

H

8 7

HEAD LOSS CT IONE TO FR

IR..3i4~1" .ID.X

1.5 2.5
1.5 2 2.5

 X 1O!

6

VELOCI TV  FTISEC>

15 2 25
FLOE RA/E

1

9 8

PI//IP SIZE ~810ESASZ
y Units of Ft of Slurry
g Units of Ft of 820

5 6 7 8 9 1
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The above are just a few samples of the types of tests carrted out in the
GIW Hydraulic Lab.

Analysis of this data and its use in pipeline design is another subject
about which we are just beginning to achieve a greater understanding,
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3, Centrifu al Slurr Pum Testin and Performance on Solids.

pumping may be defined as the addition of energy to a fluid to move it
from one point to another. 'It is not, as frequently thought, the addi-
tiah of pressure. Because energy is capacity"to do work., adding it to
a fluid causes the fluid to do work, normally flowing through a pipe or
rising to a higher level.

A centrifugal pump is a machine consisting of a set of rotating vanes
enclosed withi n a housi ng or casing. The vanes impart energy to a fluid
through centrifugal force. Thus, stripped of all refinements, a cen-
trifugal pump has two main parts:   I! a rotating element, including an
impeller and a shaft, and �! a stationary element made up of a casing,
stuffing box, and bearings.

To effect a flow the liquid is forced either by atmospheric or other
pressure into a set of rotating vanes. These vanes constitute an im-
peller that discharges the liquid at a higher velocity at its periphery.
The velocity is then converted into pressure energy by means of a volute
or by a set of stationary diffusion vanes surrounding the impeller per-
ipheryy. Pumps wi th volute casi ngs are generally called volute pumps;
whereas, those with diffusion vanes are called diffuser pumps..

Centrifugal pumps may comprise of a number of stages of impeller and
collector and may exist in a wide variety of arrangements to suit dif-
ferent applications.

Slurry pumps are normally single stage end suction type. They are usually
radial or mixed flow type. They comnonly have volute type collectors,
but these are often modified to concentric or semi-c'oncentric to reduce
the effect of wear on the shell.

di

tie Dlscllpfga
Exit

Suctio
Intet

VOLUTE CASING
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An expression far the theoretical head of a centrifugal pump is obtained
by applying the principle of angular momentum to the mass of liquid going
through the impeller passages. This principle states that the time rate
of change of angular momentum of a body with respect to the speed of rota-
tion is- equal to the torque of the resultant force on the body with respectto the same axis. Py

 a! Eatraaaa valoaily Lriaag!a;

Foraaa aad velocitiaa ia an impellar.

 g! diacharae valoaity triangla.

Assuming there is no loss of head between the impeller and the point where
the total dynamic head is measured, this power is available as the pump
output of an idealized pump.

T~ e r cg cos a2 - rycl cos a~!9 2

U> tangent velocity

Cu Absolute velocity

Eliminating 9, we get an expression for head.

Since all hydraulic losses between the points where the actual total dy-
namic head of a pump is measured have been disregarded, the head H. is a
theoretical head; the equation is known as Euler's equation.
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The head-capacity curve of an ideal pump is a straight line. For a
given discharge vane angle, a single line will represent the character-
istics of pump of all specific speeds when plotted to dimensionless
scales.

Euler' ~ hcad~pacily characlcrietica

Friction and other losses occur that reduce the theoretical head produced
by the impeller.

The collector or shell of a pump has the task of converting the velocity
energy of the water at the periphery of the collector back into pressure
energy.

In an idealized pump we assume there are no losses in the casing. In
practice, losses due to friction and turbulence occur here also.

Hydraulic losses for the selected proportions of the essential passages
designed will determine the head-capacity curve of the actual pump. In
general, for a constant speed, the head-capacity curve can be obtained by
subtracting losses from the input head of an idealized pump noting thatthe inlet angle shock losses will be zero only for one flow. retical! head

etual Pump
-Q Curve

Q-H curve ie obiaincd by cublracuoo o  hydraulic lcccca lrom input head.
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In order to evaluate pump performance on slurries, it is necessary
to carry out water performance tests an the pumps and then repeat
these shortly thereafter on the slurry being used in the comparison.

Pump performance can vary with inferior piping and instrumentation
arrangements so performance testing needs to be carried out to
standards if it is to be an accurate representation of that pump's
perf ormance.

All the GIW test results that are used far comparison purposes are
carried out in accordance with the Hydraulic Institute Standard under
laboratory conditions.

Tests are carried out in a pipework loop system that includes a large
tank that will get rid of air and help keep the liquid cool. Long
straight lengths are provided before and after the pump and any in-
struments to minimize any turbulence effects.

A full characteristic is necessary so a test is usually carried out at
constant speed recording performance of head and power at a dozen or
so different flows out to about 120K of the pumps best efficiency flow.

Variation in system resistance is achieved by throttling with a butter-
fly val ve near the discharge of the pump and/ar a pinch valve downs tream
of the head loss measurement section.

Pump tests carried out in the GIW Lab normally use one of the three
magnetic flow meters as the prime flow measuring device and a bend
meter and a doppler meter for backup.

A full pipe cross section sampler device is available to check the
delivered flow rate. Flow rate is taken from a level change  volume!
in a sample tank and a time. A load cell is set up so the specific
gravity can be derived also from the volume and mass of the sample
in the tank.

Discharge and suction pressures are taken from a differential pressure
transducer across the pump and separate suction and discharge pressure
transducers as backup instruments.

All pressure transducers are set up with their own sediment traps and
clear water purge systems using clear nylon pressure tubing.

Power is taken from one of the three precision type Le8ow torque bars
and the backup is provided by measuring the power into the motor and
using the motor efficiency.

Specific gravity is measured using an inverted "U" tube and the dif-
ferential pressure across an upstream and a downstream leg. The reading
obtained here is backed up by the sampler device noted earlier.

169



wobb0 «Ca Nmn I a0»NcJNn x
IZot-0«n

0

CCOra 0 Ih Vl I04lnCUO4. « tt- JO sraO I I0 4I » Ct 0I «utNO C IJ n rst '0 U. Imcnn ~ I
C « 4I 4I tJ att h. thZ X C Zlal dtz C I0 Z I0 0 ' J I CC I

Z 0 I

5.
C I 4. Ilu , '4- I lUOVI « IO3lal. 4I I ONus«4IOZ«b,',Ail Zvr1 J L I

Ih 0 IOIJOAi « I iJ+0 Ital I C 4I ~ 4J ICC«t I I 0 I 4llalvt 0 J
«t«mm! «,'i Lw«Ctut C IOlslldW, 'tt! I > C luCCI4» uZimt I i 0 I I rth4. CO Ul I

oooao'ooa;oaooooooooooaooaoaaooo'ooooooaaooooooaoooo!Oaaonaonooooaoooo

IN» sar N' ~ N CJ rs r1 r1 I
4l Ul lal la/, 'IsJ Iu lat lat ul 4J Ial 4I ld latI«« «

C 0 C 0 hl I 0 N'hl ht 0 A A ut u u u u
O loo mmmmtsa!OClmmmh mmCOO Ihm m o 0 I+rC us 0 0 m 0'm e N r r r ro o N o a'N rs ol o 0 o a o N ««««N C N N,a O 4 N Cs NIN N tss h ut C ea»sosu««»at»»»I 00000 0

0 N N N N.'6 0' tv N Pl'A N 0 4, 4. 4. 4. Ot~ I Iz Iitr lz XIZ'I I ~
O.C 0 0 sr J Cr I 4 t;«'t I« th 0 N N! 4. u.'u.lu. 4 0 Z Z srlal I 0 I! I OCJCJ ', I 4luu44 T«p «0 Ol v V v 0»'biN 0 t- 0 0 Cu m I

I4 5 5 0 @It «2 0 «0 0 0 c4 ~ J J I!h «tstlh,l I I s ' Ii Ct I I~ u«««»bbbl t,l ll I-ss»maaW 4J lal 4l C C C: Z I Z $ Z Z~OOOia Jalap� « I WI 4' Clal 0 0 0 0 X '4 X 0 0 0 0 0 4I I- 4 ««I « I hc «. g 3 3 I I I I I I ut w ad wOm AA 00'lallulal4! W u0000 0Ut JC sC JC k A hl A Ut Ot Ih Vl th Ih 0 A 0 A lal«00004lwldiaoaaa«cccc lal4 4. Ia. 4- 4, J J Jt«OC «««4. h. h. h. h. J
«« i I J C « I- I I- W L 0 0 0 «sr « tt «0 4 JO I«C C IL 0 4 Z 3 C v v 1 4 lal lal lat S4CVlm J ~ O' O vuZAA J J Ja

rrzaa nwnJUJ >Orna.a,occzzoo J ~ 0 'os trt~ IZ&wld«L«ra t raZ I mmmmOCCC'Co I 4 0 0 t l J N 3 ls «0 ««M UI S S UI 0
3>CJ330I lh .0th ~ 3Lt4t-I- Jrm0 O Ua 0 0 R I IL VI 0 Ih 0 0 D t r J J 0 >» 0Jav J Jam X 0 ~ 00 ~ JlalWQQ ~ J«J4 mml4ILt«m Jm J JVI4.t I Vtmthnshta.

aaosf 8
r1 I0» I
Cl I0 IUt th I3 II0 'I'I

Z C IQ N IILC IZ Ira 3 Ic aa C I«htl « I
0 WO IC '3« IQQPDIsl « IsJ0 I4IS 0

0 0

I C«RD«ZZ3 tCQAIZ A «
«Z
Qg J
0 I 0Ial
4JO. Lrwm«T

0 kxa I $ Ch.

C4I » ~4I 4.O o.I voa

Zit ONIh 0
uy
IL 4

NNNNNN

«mmosho0
0 v I
C ZC 4, tuIal «4I tzu
C 4 4.

o e«r IOUI00000000I » I

natu»Cs to th I n N n0000000
QRW

0 00 00 0
««««sa«

N

rs VI 4,0 I 00 C C0 30~ O' I
0 Ja

0 4o s-a
g l1

I o'.

I rg
4I OC 0J 4«

at O I N
00 JCD~ u«C «4Jmt o«J

» N
UC W

o '4
N N 0

N4I UJ UJ
hl 4J

Ol g Ct
Na N
5 NO0«»
Cl O

zmILaom«NI I Os 0«
ar5ZA«

Z lal CC 0 aa
0 /3
Sst K VlIat 0 4IJla J

Ch
0 0 A

roCl lal K«mt

0 N I
4.0st'. RN s-
I 00I- t 0Z I vriai I I CCr II QVII r «I 4JAth I Ul IZ I O CI td J

lat I 0
t I

I4 4I0 I Ws-Vt

I u «I et-
CC

IJ JX J J J J3' J. Jalal3 Iat0«a 2«70JIZ ZIC J C ZIZZ
cnCJ4040»NIscn dr mo O Notr» ««» «» «» ««NNNNN

ld I JIh
ut rh Co nN ut N 4

I- «UI 0 0 ««« I 4I «C r1 «O'tt C «4 !h th Ist N0 3 4I ~ ~

A»Nar»A««mnCII
J«nbb«t «4. Jaa ra Ia Oa 0ZQ4I 4t Ihb 4bn«ZDNrsut«

0 O I'4 N N n tstCll« I I I

0 I ~ NmbbCZaraob4J O N ~XCUI«O OOmmbo.0

I I «NIOo n ut ra 0 4 O «NNNNNNro toast

coma
rh 4 N g04J,IhIhiwi
ut » O. or1or n

NnI

rara 0 ut0 lh 0 ra
N is! «444 O'Ih

Z r4 Nrt rat 3 h. ~ ~Zaanmrw J noutort 4. Il r1 N 41 I1 g4I BCN04CI

Vt

Nn us 4C n N r1OV�«N ut n lst
th I
I, IC IIVt II I0o tIIUt IIat II

I

I
Ial Zr JJJ 0I 1 ii 4I UJ JId4J 0. «s Dr«VJlalt4u. ZA«3 Jnrrr Ds-I ca CL o c 0 v «CL I

0
a«NnonI

I-
I!4lI-

«OZAAqse vlcao N Na4l atstram0
>w JmmmD X «««0

K Ol «

Irl s Ih0Vt A»

Ql ' RZRO
I, 0
I z a actC I ZZZ ' UI

«333t Zh.sc I . 4JCCCC 0
555I IWS s Cte I IL, s CC I-C

4I ~ r shut 0 ~ '
o o usci -ze0 t1 OA .»$«vthuCa ~ ~ ~ 1405 I

U.UINVI QN 4- ggm
Z I vh.vh 4JIIO ' ' O«54 C c> ZomZ Ctt Or.a«v» 0ov II N .N 04J 'Vl ~ 0OUI ~ ct Ctbtr Iat-Nroar wNrsta CUs» 0 «9 + I ~ «C IdZZ I «s4QN I Olal«La 1 C ~ C ««v>C IZao 0 Aac arwv ' m i«0 04 I 'I0 W h. IsJ Q 0 I- ~ C 0 Ial 4 zl I ~ «0«oc

t44t Wg pl C ra 0 I-
~ .!OC C JOI C lat I I~ lal«lutat 0 t!4 4 0i«A>003 ~ O' 0««oI 0 04I O 4trlo WAWA Jt-Non aw4, C. C4 C J N ~ C Vl 8 gI «« lss tra N 'OA f«C4 11' 4st ~ «NJI J00 0 Ot- C X

mNOwq OC«emou aI I 0 'Zlatet40I«st Z I-QC J«4JWzc la owJI-mgwo04 ZR««vr 0 JZcs 0u4J I 4tt-I-0 as 4
.«znt oWCI Cm Jtzr J4t«lsJalat«clal DacematmrhsZZmmo.mm

Z I 5 0 0 N sat 4

I IN J u!«me NragmC J t1N0440NCNX3

C th 0!sl 0 t1 0 % N N O.lslaa ' ' ' ' ~
I J» h ls! 4 41 n % 0 Nt

nmr noN»no
«00

Vt

ut N is1 4 h I'I «O ts!Id IJI O hoN»abhoI

»00 IN»
4 kutrt«esacalhCIr mmNNNNC f4 4I

t 0 ra Ih «s1 0 nc bvo«o Nn3h rshtt'JN«X

ia. » 0 I ut I N n I 0O N4~41NNmsr2 0 Ul s1 I'I r'I I CJ N ««Q
00000000«4I t '0 C ut us us 0 ut '% u!n n tsa ass n ast IO Jss shaa CIh

O.J«NmobNOONcZ«ClssmutONN»CIVJ3thNNNNNcsw«

I Pat 4. Pv 8 8 o o a o o 8 0
II 3 0

4IIh 0
g I
o

CR IJCr C
0 I

0 aaCh vC'a J0 I Ih
4. I4
UIN»
Wrh-hl 4J04t C4.t «4. «QQA4. 4JIhJ QC4I I 4Isc
C 4s C

Z Ihn 40 Zth 0 «3 Q
4. A4J Ih0 dl«I �
Vl C ZC JZ «

0 Ih

3 Ca>ala. Ch Z

Vt
IW 4J th
0o aJ

4

oCs C.

0 04JI-
C0 0 4.

O Cor

d  I
0 I 0

Z o0 W Ast Iv
4tCZ ls« lu UlutZ0 u.

W40 s-

170



W C!

C5l
I

' 4A
5-

C3-

O

0 C5
53

O
5-
5- V
O5 CJ
C53

th
eD
5 O

Cl

C5

O M
L3  A

 z� LX!
~/~~ S01

A3N3IOI333 '4

171

C5

5-
5- 5-

5

C 4
n5 r

40

CO

LA I
LA
CO

dHH Hg0d3SHOH c~~g

�.333! OV3H OIWVNAO 1VLOl

I�

K
CSL

CVC
W

CO CL



All the different instrument readings are monitored, displayed and
stored by the GIW mini computer data acquisition system described
previously.

The total head developed by a pump 1s equal to the pump discharge
pressure less the suction pressure p'lus the velocity head given to
the water in comnon units of feed of liquid.

TDH = H � H + Vel d1sc - Vel suet
2 2

Disch press Sect press

If the inlet and outlet branches are the same diameter, the velocity
head will be zero. If the suction and discharge gauges are at pipe
centerline and these are at different levels, then a correct1on need
be applied to bring al't relative to the pump centerline.

For a perfect fluid, the TDH produced by a pump  refer Eulers'
Equation! will remain the same with varying SG provided the units
are in feet of liquid level.

The power given to the liquid in the American system of units is
usually calculated in units of horsepower. Mater horsepower  MHP!
is found from using total developed head in ft of liquid and flow
in USGPN.

Pump Efficiency = WHP x 100
BHP input to pump

it follows also, that

The pump performance recorded during a test on a typical settling slurry
is as shown on the data sheet for test N 51-79 attached. This sheet
shows the normal method of presenting slurry pump test results carried
out in the GIW Lab.

As noted, the pump TDH 1s shown in units of ft of liquid or slurry.

For the case above, the pump head and efficiency data points have been
plotted over the original water performance curve T 2-79 attached so
a comparison can be made.

A slurry is not a perfect flu1d, so the head produced is not the same
as that of a fluid of a higher specific gravity.

It does, however, approach this for a wide variety of cases so 1t is
used in practice as a first estimate of pump performance on slurry.

Mater horsepower  WHP! = Total Develo ed Head ft of li uid x t m x SG of 1 d.
3960
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The pseudo fluid approach as this is generally called, is one where it
is assumed that the head produced in ft of slurry is the same as the
head of ft of water produced except for a loss called the solids effect.

In the case shown the head of pseudo fluid and efficiency data per-
formance points are below the original water performance curve showing
a "Solids Effect". It is noted, however, that the pressure produced by
the pump is still considerably higher than the original water performance
pressures.

This loss or solids effect varies with the pump size and design, the type
of slurry, the size of particles, the concentration and the viscosity
of the slurry.

In practice, it is found that for non-settling slurries where the particle
size is small, the solids SG is not high and the viscosity is not greatly
different from water, that the effect on the head and efficiency is
negligible or less than ll.

A number of the tests carried out in the GIW Lab on slurries composed of
small sized particle solids are shown below compared with the water per-
formance of the pump. In general, these are non-settling slurries. Units
used in all cases are ft of pseudo fluid.

Slurry Pump Max Head
Test No. Material Sizin SG Size Loss

Max Eff

Loss

Heavy Phosphate GIW
Sl imes 50 Microns 1.15 Bx1GLSA32

M106-78
Less than IX

N127-78 GIW
40 Mi cr ons l. 21 8xlOLSA32

GIW

50 Microns 1.21 8xlOHE 32
M 36-79

Kaol in Slurry GIW
50 Microns 1.64 BxlOHE 32

N52A-79

The following are a number of tests carried out in the lab which illustrate
the effect of particle size and concentration. Again the loss values noted
are in comparison with a water performance test. The flows at which these
occurred were the maximum for the test and were in the range 80-110$ of the
pump best efficiency flow.
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Where the particle size is increased the effect on both head and efficiency
also increases. The effect is greatest where the particle is largest, the
solids SG is highest and/or the concentration highest.
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M 72 -79 3/8" Pebble 6000 Microns 1.24 20x24HE48 GIW! 11% 4X

M118 -78 Phosphate
Reject 500 Microns 1.18 8xlOLSA32 GIW! 9X

M 44 -79 3/8" Pebble 6000 Microns 1.16 8xlOHE32 GIW! 8X

M 50 -79 Foundry Sand 270 Microns 1.15 18x18HE44 GIW! 4X

M102 -78 Foundry Sand 270 Mi crons 1. 34 8x lOLSA32 GIW! 10%

Solids SG can have a significant effect on pump performance as shown be'Iow
in the results of a test carried out on a taconite slurry.

Slurry Pump Max Head Max Ef f
Material Si zin SG Si ze Loss 5 Loss 4Test No.

M 95A-78 Taconite Ore 53 Microns 1.6 6x6LSA25 GIW! 14K 5'K

Much more data is needed to be collected before we can understand and predict
the performance of a centrifugal slurry pump whilst pumping solids. GIW is
continuing with a program of pump and pipeline solids testing with the aim
of achieving a greater understanding of this subject.
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Slurry Pump Max Head Max Eff
Test No. Material Sizin SG Size Loss 4 Loss
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 'neral!

flow rate through pump  gpm!

total head produced across pump  ft!

pump rotational speed  rpm!N or n

flow rate at best efficiency  gpm!

total head at BEPg flow  ft!

pump efficiency

American specific speed

Pump shaft torque  ft/lb!

BEPg

BEPH

Ns US!

fl ui d dens i ty   1 b/f t3!

fluid density  slugs/ft3 where y = pg!

pressure on front of vane

pressure on back of vane

pressure at outlet of impeller

pressure at inlet of impeller

theoretical head produced by a pump

Eu1ers' head

pump input power

Pf

Pb

Pd

Ps

He

185

shaft angular velocity  rad/sec!

acceleration due to gravity �2.2 ft/sec ! 2



PUMP IMPELLER TERMS

186

Prefixes

2 at outside diameter
I at inside  mean! diameter
m at mean diameter or meridinal
3 at shell tonque.

Diav = average inlet diameter  ins!

Dq = outlet diameter  ins!

r> = mean radius at outlet  ins!

 psi! A dimensionless head constant

Uz = tangential velocity at OD  ft/sec!

Cm2 = meridinal radial velocity at
outlet  ft/sec!

qh = hydraulic efficiency

=  kappa! slip constant

b, = meridinal diameter at inlet  ins!

= mean meridinal diameter ins!

r> = mean radius at inlet  ins!

e = mean meridinal distance from
inlet to outlet  ins!

C z = absolute outlet velocity  ft/sec!

W~ = relative outlet velocity  ft/sec!

= vane outlet angle  deg.!

oz = absolute outlet angle  deg!

Cu2 = tangential component velocity of
absolute outlet velocity  ft/sec!

=  zeta! absolute whirl

7. = number of vanes

bz = meridinal diameter at outlet  ins!

t> = vane tip length at outlet  ins!

De = eye diameter  ins!

o = vane sweep angle  deg!

Bi = vane inlet angle  deg!

Ci = absolute inlet velocity  ft/sec!

W> = relative inlet velocity  ft/sec!



I!O'ELLER TERHS CONTINUED

U, = tangential velocity at inlet  ft/sec!

dI = absolute inlet angle  deg!

CmI = meridinal radial velocity at inlet

tI = vane thickness at inlet  ins}

t = vane thickness  in!

U = stream tube radius  in!

d = stream tube width  in!

ny = vol umetri c ef f ici ency

s = no of stream tubes

Hs = head at shut of flow  ft!

S = scale ratio

PUMP CASING TERMS

D~ = volute base circle  in!

b> = volute width  in!

Dv = volute tongue dia  in!

Qv = vol ute angl e  deg !

8
Pump vo4te cuing
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BUILDING AND MANAGEMENT OF DREDGED MATERIAL ISLANDS

FOR USE BY WlLDLIFE IN NORTH AMERICA

by

1
Mary C. Landin

ABSTRACT

The more than 2000 dredged material islands in North America have become

of immense value to North American sea and wading bird species. These islands

are located primarily in the United States Intracoasta1 Waterway System, the

larger rivers, and in the Great Lakes where colony-nesting birds congregate by

the hundreds of thousands each year to nest. Since their traditional, natural

colony sites have largely been disturbed by human activities, the birds have

'turned to use of manmade islands constructed of dredged material. Research in

the U. S. Army Corps of Engineers Dredged Material Research Program has shown

that islands can be built which will attract these bird species, including sev-

eral that are endangered in North America. It is a feasible practice and one of

great benefit to the wildlife using an island, to manage existing islands accord-

ing to techniques set forth in Soots and Landin �978!. Simple modification of

dredging schedules and dredged material placement accomplishes changes in habitat,

plant successional stages, elevations, and stabilization, and can offer new land

areas for wildlife use. Dike construction and modification, substrates, location,

and configuration of the islands are important. Advantages and disadvantages to

island construction and management are discussed, as well as several management

techniques which may be carried out in a dredging operation.

1
Biologist, Environmental Laboratory, U.S. Army Engineer Waterways Experiment
Station, Vicksburg, Mississippi
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Introduction

In the past 100 years, more -than 2000 islands have been constructed and/or

altered by placement of dredged material deposits in United States waterways.

Many more have been built that are no longer in existence due to erosion by wave,

wind, and tidal actions, especially along the Florida to Texas stretch of the

Gulf coast. Most of these islands have been built by the U. S. Army Corps of

Engineers as a result of in-house, contracted, or permitted dredging. Nost were

built during the late 1930s and early 1940s when the U. S. Intracoastal Waterway

System was constructed, and they often have been added to during maintenance dredg-

ing since that time  Landin 1978a!.

These islands were not built with wildlife use as a consideration and they are

not frequently inhabited by larger wildlife species. Rather, smaller mammals and

rodents and numerous bird species including songbirds, raptors, waterfowl, shore-

birds, and others use the islands. Many of these birds are migratory and use the

islands primarily for feeding and resting; however, over a period of the past

fifty years the islands have become of immense value to a unique wildlife group,

the North American species of sea and wading birds. This phenomenon has largely

resulted from human impacts on these birds through destruction, alteration, and

displacement of habitats needed for their life requirements. Taken as a group

because of their colony nesting habits, biological studies of these species indicate
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that these species need privacy, nesting sites with specific vegetation, substrate,

and elevation characteristics, freedom from nest predators, and adequate feeding

areas as the most basic of their requirements  Soots and 1.andin 1.978!. There are

many other more subtle factors, such as interspecies relationships and courtship

behaviors invo1ved, that do not need to be discussed within the scope of this

paper but are discussed in Soots and Landin �978!. Presently, there are hundreds

of thousands of sea and wading birds nesting on dredged material islands, represent-

ing at least 37 species and ranging in percentage of their total population from

minimal use to 99 percent use depending upon location, availability of habitat,

and human disturbance factors  Table 1!, Several of these species, including

reddish egrets  Dichromanassa rufescens!, roseate spoonbills  ~A aia ~a a'a!, gull�

billed terns  Gelochelidon nitotica!, brown pelicans  Pelecanus occidentalis!, least

terna  Sterna albifrons!, Caspian terna  Sterna ~cas ia!, and others, are considered

rare, threatened, or endangered nationally or are on state or region-wide endangered

species lists  Soots and Landin 1978!.

Research and Results

As part of the work of the Dredged Material Research Program  DMRP!, sponsored

by the Office, Chief of Engineers and conducted by the U. S. Army Engineer Waterways

Experiment Station  WES!, Task 4F of the DMRP Habitat Development Prospect was

initiated under the title "Island Habitat Development." This task was charged with

the responsibility of locating and documenting the existence of and use by wildlife

on Corps dredged material islands throughout U. S. continental waters  Smith 1978!.

In addition, comparisons were made between dredged material and natural islands, be-

tween diked and undiked islands, and other features inherent to dredged material

substrates such as vegetation succession and soil formation rates and characteristics.
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Table 1

Colonial Waterbird S ecies Found Nestin on Dred ed Material Islands
1in Seven Re ions of the Cor s-Maintained Waterwa s

2
Re iona

S ecies TX FL NC NJ GL PNW

White pelican  Pelecanus er throrh chas!
Brown pelican  Pelecanus occidentalis!
Double-crested cormorant  Fhalocrocorax auritus!
Olivaceous cormorant  Phalacrocorax olivaceus!
Anhinga  ~Anhin a ~anhin a!
Great blue heron  Ardea herodias!
Green heron  Butorides striatus!
Little blue heron  Florida caerulea!
Cattle egret  Bulbulcus ibis!
Reddish egret  Dichromanassa rufescens!
Great egret  Casmeroduis albus!
Snowy egret  ~R retta thule!
Louisiana heron  H dranassa violacea!
Black-crowned night heron  N cticorax n cticorax!
Yellow-crowned night heron  N ctanassa violacea!
White-faced ibis  ~pie adds chihi!
Glossy ibis  ~pie adis falcinellus!
White ibis  Zudocimus albus!
Roeseate spoonbill  ~Asia ~as~a!

Great black-backed gull  Larus marinus!
Herring gull  Larus ar entatus!
Western gull  Larus occidentalis!
Ring-billed gull  Larus delewarensis!
Laughing gull  Larus atricilla!
Gull-billed tern  Gelochelidon nitotica!
Forster's tern  Sterna forsteri!
Coaunon tern  Sterna hirundo!
Roseate tern  Sterna ~dou ellii!
Least tern  Sterna albifrons!
Royal tern  Sterna maxima!
Sandwich tern  Sterna sandivicensis!
Caspian tern  Sterna ~cas ia!
Black tern  Ghilidonias ~ni er!
Artie tern  Sterna aradisaea!
Black skimmer  ~R ncho s ~ni er!
Wood ibis  ~M cteria americana!

X

X X X

X X

X

X X X X

X X X X

X X X X

X X X X K
X X

K X X X

X X X X

X X X X

X X X X X

X X X K
X

X X X X

X X X

X K

X X

X X X

X

X X
X X X K

X X X K

K X X X

X K X X

X X X
X X X X

X X X

X X X

X K X X X

X X

X
K X X X

X

 From Soots and Landin 1978!
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1
The upper Mississippi Rior study is not listed since none of the nesting
colonies found were located on dredged material.

2
TX ~ Texas; FL = Florida; NC = North Carolina; NJ New Jersey; GL = Creat Lakes;
PNW = Pacific Northwest.



Studies were carried out in seven regions  New Jersey coast, North Carolina

estuaries, entire Florida coastline, entire Texas coastline, entire coasts of

Oregon and Washington, entire U. S. Great Lakes shoreline, and the Upper Mississippi

River between Lock and Dams 1-26 from Alton, Illinois to Minneapolis, Minnesota!.

The studies resulted in twelve technical reports including a synthesis report on

the development and management of avian habitat on dredged .material  Buckley and

McCaffrey 1978; Chancy et al. 1978; Landin 1978b, 1978c; Lewis and Lewis 1978;

Parnell et al. 1978; Peters et al. 1978; Scharf 1977; Scharf et al. 1978; Schrieber

and Schrieber 1978; Soots and Landin 1978; Thompson and Landin 1978!. Management

techniques developed by Soots and Landin �978! are used as the basis for this

paper.

The Task 4F studies brought out facts that, although many colonies of birds

presently are nesting on dredged material islands, there are numerous characteristics

of these islands that could be improved by management to enhance the available

habitat, and there are several ways dredging operations can be altered to benefit

the numerous sea and wading birds and other wildlife on dredged material islands.

Dred ed Material Island Develo ment and Mana ement

Development and management of dredged material islands for avian wildlife will

usually provide essential habitat for the smaller rnanumls and rodents that use the

islands as well, and covers a broad spectrum of techniques. Basically, development

and/or management of an island for colonial sea and wading birds is concerned with

habitat manipulation, habitat establishment, and habitat protection. Manipulation

of habitats, by far the most likely technique to be used, for the engineer, would

include proper placement of dredged material to maintain or reestablish habitats,

increase the size of existing islands or stabilize islands, and/or change con-

figuration, elevation, vegetation, and other island features for more desirable
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habitats. Manipulation of habitats would also include, for the biologist, estab-

lishment of new vegetation and management of existing vegetation on islands through

various agronomic and horticultural techniques.

Establishment of new habitats is needed when nesting habitat is lacking and

new islands must be created, with the resulting need for vegetation establishment;

when nesting habitat is expanded by an addition to an existing island which must be

established with vegetation; or when undesirable nesting habitats  vegetation!

occurring on islands must be cleared out and desirable vegetation established in

their place.

Habitat protection may be accomplished by island posting or fencing for

isolation. Most bird species are already protected by law, but their habitats are

not protected except during the time they are occupied by the nesting birds. Year-

round protection to prevent destruction of habitat from year to year and seasonal

protection to prevent nesting colony disruption by humans and predators are neces-

sary.

Management of existing islands has been demonstrated to be an effective dis-

posal technique and wildlife management practice. Considerable potential exists

for the disposal of dredged material and the improvement of critical avian habitat.

Management of existing dredged material islands is encouraged because the potential

environmental impacts of disposing on an existing site are less than those of de-

ve1oping new islands.

The Use of Dred in 0 erations on Existin. Islands

The Corps of Engineers has provided habitat for at least 37 species of sea and

wading birds in North America since the agency first created dredged material

islands. Since that time, islands have been kept in various stages of plant

succession through dredged material deposition from channel maintenance operations.

These operations have had a significant positive impact on bird breeding populations.
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Through proper planning the positive impact of regular maintenance dredging could

be increased. Since past dredging operations have been carried out with little or

no regard for nesting birds, many areas do not have adequate diversity of nesting

habitats. Some areas lack ground nesting habitats while others lack woody habi-

tats. The DMRP Task 4F reports listed the following habitat needs that could be

provided by dredging operations in regions studied:

1. The Texas coast needs additional habitat for ground nesting birds,
especially in the Galveston Bay area. Nesting habitats for tree
nesting birds is needed in the Laguna Madre area.

2. The Florida coast needs more bare ground areas and sparse to medium
herbaceous plant cover for ground nesting species including terna,
skimmers, gulls, and shorebirds.

3. North Caro1ina needs woody habitats for tree nesting species,
especially near river mouths and inlets. The state also needs bare
ground habitat for terns in coastal areas.

The New Jersey coast needs bare ground areas and sparse plant cover
for ground nesting birds, and all kinds of woody habitat for tree
nesting species.

5. The U. S. Great Lakes shoreline and islands need sparse plant cover
habitat for common terna and herring gulls, and woody habitats for
all the tree nesting colonial birds in the region.

6. The Upper Mississippi River basin has a great need for bare sandy
beaches protected from human use so that the interior least tern
 Sterna albifrons interior! could once again find suitable nesting
habitat in that river system.

Similar habitat needs exist in other coasta1 and riverine areas where Corps

islands are located that should be investigated to determine the types of habitats

that are needed. The rate at which various habitats appear on an island after

receiving dredged materia1 and an estimate of their longevity have been determined

in the DMRP Task 4F reports and at least two other studies  Soots and Parnell 1915

and Coastal Zone Resources Corporation 1977!. Once site-specific needs are known,

nesting habitat management can easily become a part of the regu1ar maintenance

dredging process. To maintain target habitat diversity for certain bird species,

islands in any given area would have to be selected to receive periodic deposition
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of dredged material. Restrictions against dredged material deposition on all or

parts of some islands may be necessary in order to allow habitats for tree nesting

birds to develop or to preserve existing habitats. The feasibility of these

management recommendations has already been demonstrated by the Corps' Wilmington

District. They have been practicing such management on a local, annual basis for

several years and have developed a long-range colonial sea and wading bird management

plan for the lower Cape Fear River estuary which includes maintenance dredging and

placement and timing of dredged material depositions on existing islands.

Buildin New Islands

Construction of new islands would be desirable under some condition. If it

has been demonstrated that there is a need for nesting habitat in an area lacking

suitable islands, and if the benefits for the birds will exceed any negative

effects of construction of an island to benthic organisms and current flow, then

an island could be built. However, islands should not be placed in areas where

they would be used for recreational purposes during the breeding season, thus

eliminating or severely reducing their wildlife value.

In most areas there is no need for more islands for colonial nesting birds

or other forms of wildlife. Management of existing islands should be given first

priority. There are areas, however, where additional nesting habitats would be

beneficial to sea and wading birds and existing dredged material and natural

islands are not avai,lable to fulfill that need. Establishment of need should be

determined by consultation with knowledgeable wildlife biologists or by field

studies. Generally, construction of new islands for wildlife will not be feasible

unless it can be demonstrated that the anticipated positive impacts on the target

species will outweigh any negative impacts on the environment. However, it would

be desirable to construct a limited number of new islands in various regions of the

United States for study purposes and to obtain baseline data. As more natural
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away without the protective sandbag dike.

Lewis and Dunstan �975! proposed a design for artificial islands for Florida

wading birds, and this design was incorporated into the dredged material disposal

plan for the Tampa Harbor Deepening Prospect. Two islands were built through use

of this design  Lewis 1977!; this design is similar to the same one used by

Wilmington District and recommended by Soots and Landin �978!. In addition to

these two new islands, an extension was added to Sunken Island, an existing dredged

material island and a National Audubon Society sanctuary, in Tampa Bay in

December 1977. The site was used during the first breeding season by royal terna

 Sterna maxima!, least terns, and black skirmners since bare sites are extremely

scarce in the area. The habitat has remained the same through Audubon management

efforts and in 1978 the terna once again nested, but in 1979 only laughing gulls

 Larus atricilla! nested there and the terns were not present  8 ~ R. Lewis, III,

personal communication, 1979, Mangrove Systems, Inc., Tampa, Florida!. This was

probably due to the aggressiveness of the gulls and the fact that they are predators

of tern nests. Any new islands built in the Tampa Bay area or on the west coast of

Florida will probably result in heavy use by ground nesting birds if it can be

managed as bare ground habitat and protected from predators.

Once the need and feasibility of development of a new island has been estab-

lished, the next step to be considered is the actual design of the island. Three

basic aspects must be considered: site location, timing of development, and physi-

cal design.

Site location of an island should be worked out with knowledgeable wildlife

biologists and concerned agencies to establish the best location. Building an

island in an area that does not conform to the biological and engineering specifi-

cations outlined in this paper would fail to produce the desired wildlife habitat.

The islands must be placed where the birds will be isolated from predators and
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sites are taken over by man, strategic placement of new sites may become more

valuable as a management tool. The present knowledge of bird utilization is based

solely on empirical observations of existing dredged material islands, and more

baseline data are needed.

Zn addition to establishment of need, the feasibility of new island construc-

tion will be dependent on the concerns of Federal and State agencies and the

private sector. These concerns vary considerably among the regions of the country.

However, it has been proven that construction of new islands for birds and other

forms of wildlife is feasible. The WES built an island in the tidal freshwater

reaches of the James River in Virginia for purposes of marsh restoration and wildlife

use  Cole 1978!. The Wilmington Corps District constructed two islands in Core

Sound, North Carolina  Anonymous 1977!. These two islands were unique in that they

were the first to be constructed and placed in a manner to deliberately create habi-

tat for colonial sea birds and aquatic life, and they were retained by the use of

large nylon sand-filled bags. The sites were designed so that during future main-

tenance dredging of the nearby navigation channel, materials may be added to them

within the existing sandbag retainers, and more sandbags may be added to create

higher retainment dikes. The kidney shape of the islands form a small cove where it

is expected that a marsh will develop and benthic organisms will thrive. The marsh

was given a boost by the planting of smooth cordgrass  ~S artina alt.erniflora! and

saltmeadow cordgrass  ~S artina patens! around the perimeter. The islands were placed

in an area with adequate shallow water and food resources but with a scarcity of bare

ground nesting habitat. Gull-billed terna, common terns  Sterna hirundo!, least

terna, and black skimmers  ~R ncho s ~ni er! nested on the islands during the first

breeding season af ter construction  Parnell et al. 1978! . Unfortunately, in 1979

vandals cut the sandbags of one of the islands in Core Sound with knives. They

succeeded in destroying the island because it had not yet stabilized and it eroded
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human disturbances unless the islands are going to be actively protected by wardens.

With active protection, colonies of sea and wading birds have been successful

close to human activities and have provided tourist attractions that could be

observed from outside the colony  Collins et al. 1979 and Landin 1978b!.

Timi~g of island development is important. Ideally an island should be built

during the fall or winter preceding the initiation of the next breeding season.

The birds generally do not use a site until after the initial sorting of fine

materials by wind and ~ater. If it is built in the spring, this sorting will not

have had time to take place, and any colony of birds trying to nest there will not

be successful. Frequently, their eggs will be covered by drifting fine material.

In addition, they cannot use a site of silty dredged material until it has had

adequate time to dewater.

The physical design of an island is important. In general, islands must be

permanently emergent at high water levels; birds have been found nesting on all

sizes and shapes of islands as long as they met this crucial breeding requirement.

However, observations of hundreds of bird colonies on dredged material islands and

the kinds of islands they select has led to the following four categories of

recommendations concerning size, configuration, substrate, and elevation.

Ideally, new islands should be no smaller than two hectares and no larger than

twenty hectares; however, birds have been found nesting on both smaller and larger

islands. Islands larger than twenty hectares would be difficult to manage and would

be more likely to support predator populations such as coyotes, snakes, foxes, and

feral cats and dogs. Islands between the two extremes could be easily managed and

considerable habitat diversity could be achieved on them. Generally, the greater

the amount of habitat diversity to be maintained for wildlife populations, the

larger the island should be.
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The configuration of an island wf,ll depend on the target wildlife species.

Steep slopes such as those found on dikes should be avoided for all species. A

slope no greater than a one-meter rise per thirty linear meters has been recom-

mended by Chancy et al. �978!. Substrate configurations for the ground nesting

species are shown in Table 2. Two species which are shown on the table may be used

to illustrate the importance of slope: royal terns must have access to the water for

their young, either by removal of the dike or by creation of a sloped traffic lane

down to the water's edge; least terna will not nest on sites that are steeply sloped

and will not nest on flat areas. Both species must have bare ground habitat with

little or no vegetation that is gently sloped to prevent eggs rolling from nest

scrapes' Further data on the effect of diking on bird use is presented by Parnell et

al. �978! in the North Carolina DMRP Task 4F study. There is also some evidence

that the formation of a bay or pond with the island makes it especially attractive to

nesting birds.

The general nesting substrate of colonial bird species is shown in Tables 3

and 4. Some substrates are preferred over others by certain species. Generally,

coarser material such as sand or cobble make better nesting substrates due to their

greater stability. Pine material such as silts and clays are subject to wind and

rain erosion, and usually have the added problems associated with desiccation

cracks, settling, and ponding. A mixture of sand and shell material makes good

nesting substrate for most of the ground nesting birds which prefer bare ground

areas where these species of birds historically nested before being forced off by

human use. Fine, unstable dredged material may be stabilized to form suitable

nesting substrate by adding coarse materials such as shells over its surface or by

planting a ground cover on the material to provide vegetation for those species

which prefer that kind of habitat, such as the Forster's tern  Sterna forsteri!.

Tree nesting species obviously prefer woody substrates, and these trees and shrubs
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Table 2

Preferred Conf i urat ion o f Nes tin Subs trates for Ground

Nestin S ecies on Dred ed Material Islands

Substrate Confi uration
Microto o ra hMacroto o ra h

~Rid es ~Lom s OtherFlats ~dlo es Domes

J

J J

J

S ecies

White pelican

Brown pelican

Glaucous-winged gull

Great black-backed

gull

Least tern

a Shows a preference for nesting on or ad!acent to debris in the colony
site.

b Frequently nests on drift material left by lunar or wind tides.
J Denotes occurrence of preferred configuration for each species.

 Prom Soots and Landin 1978!
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Herring gull

Western gull

Ring-billed gull

Laughing gull

Gull-billed tern

Forster's tern

Common tern

Roseate tern

Royal tern

Sandwich tern

Caspian tern

Black tern

Black skimmer

J J J J JJ J

J J



Table 3

Common Inters ecific Associations of Ground Nestin Colonial

Waterbirds Found Breedin on Dred ed Material Islands

in Six' of the Seven Stud Re ions

White pelican

0 Glaucous-winged gull

0 0 Great black-backed gull

0 0 + Herring gull
a

0 + 0 0 Western gull

0 0 0 + 0 Ring-billed gull

0 � + 0 0 Laughing gull

0 0 � Gull-billed tern

0 + � Forster's tern

0 Common tern

0 + Roseate tern

b
Least tern

0

0 0 0 0 0 � Black tern

b
+ � � � + 0 Black skimmer

0 0 0 0 0 0 0 0

0 0 � +

+ Found nesting together in mixed species colonies.

Breeding ranges overlap but were not found in intermixed colonies.

0 Breeding ranges do not overlap in the study regions.
a Has been observed nesting in trees and on man-made structures.
b Has been observed nesting on flat, gravel-covered rooftops and paved

parking lots.

 From Soots and Landin 1978!
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0 � � +

0 0

0 0

0 0

0 0

Royal tern

+ Sandwich tern

+ � � + + Caspian tern



Table 4

Common Inters ecific Associations of Arboreal Nestin

a
Brown pelican
+ Double-crested cormorant

b
0 0 Olivaceous cormorant

0 Anhinga
b,c

+ + Great blue heron

c
+ � � Green heron

Little blue heron'P +

+ +

+ + +

+ + + +

+ +

+ +

0 +

+ +

0 0 0 +

+ Close association.

Nest on same island but not usually intermingled.

0 Were not found nesting on the same island together.

? Insufficient data to make an evaluation.

a Frequently nests on the ground.
b

Nests on man-made structures.

Occasionally nests on the ground.
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0 +

'7 +

+ +

Colonial Waterbirds Found Nestin on Dred ed

Material Islands

+ Cattle egret
c

+ + Reddish egret
b,c

+ Great egret

+ + Snowy egret
c

+ + + Louisiana heron

c
+ � + + Black-crowned night heron

+ + + � + + + Yellow-crowned night heron

+ + + � + + � 0 White-faced ibis

+ � + + + � 0 Glossy ibis
c

c
+ � � � � � + + White ibis

+ + + � + + + + 0 + + Roseate spoonbill

 From Soots and Landin 1978!



often colonize best on silty, maze fertile substrates. Selected plant species

of shrubs and trees which are discussed later in this paper may be planted on the

sites since there are several plant species which seem to be preferred over others

by tree nesting birds. If plant propagation is to be a part of a management

scheme, these species should be given first consideration.

Elevations of constructed islands should be high enough to prevent flooding

of the areas that could be used by wildlife, especially for nesting. However, ele-

vations do not need to be so high that the substrate will not become stabilized due

to wind erosion. Examples of this are evident in the Cape Fear River in North

Carolina and the Upper Mississippi River where sandy dredged material was piled so

high above the water table that no vegetation will grow, and the islands have the

appearance of giant sand dunes which cause sand drift problems on adjoining areas

or blow back into the shipping channel where they have to be redredged. Generally,

the optimal elevation for an island is between one and three meters. The desirable

elevation to be achieved will depend on texture of the exposed dredged material,

wind exposure, and the habitat objectives or target species. Coarser materials may

stabilize at higher elevations than finer materials. An example of this is Monks

Island in the North Carolina Intracoastal Waterway which has an elevation of

3.8 meters. It supports the largest tern colony in the state, and they were suc-

cessful there because the sand and shell was coarse enough to provide stability

even though the island would have been considered too high in other circumstances.

If islands could be constructed of coarser material for ground nesting birds, then

it would be acceptable in some cases to exceed the recommended elevation. In

general, the higher the elevation, the slower the island will be colonized by

plants. Therefore, lower elevations to achieve plant cover for some ground nesting

species and all tree nesting species should be considered where those are the target

wildlife species and where substrates are of fine textured material. It should be
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remembered that given the proper substrates and vegetation for nesting, that none

of the species using dredged material islands for nesting choose one elevation

over another as long as they are above the tide or flood lines.

Dred ed Material Island Additions

Additions to islands may be a useful management tool if valuable nesting

sites are altered by erosion until they have to be abandoned eventually. Additions

to such an island will prolong its usefulness as nesting habitat. Additions to

islands which are covered with vegetation will increase habitat diversity by pro-

viding some bare ground habitat, at least temporarily, for those forms of wildlife

requiring bare ground. In south Florida, additions may be done in such a manner

that encourages the growth of mangroves, which provide excellent nesting sites for

wading birds  Lewis and Lewis 1978!.

The author has observed colonization of additions to existing islands on many

occasions, and several of the DMRP Task 4F reports recommended additions to specific

islands in those regions addressed. Texas, Florida, and North Carolina, as well

as other states along the Atlantic and Gulf coasts, would benefit from additions

made to islands in those areas. Zn general, bare ground habitat that is undisturbed

by humans and thus available for nesting birds and other wildlife i,s scarce along

the entire Gulf and Atlantic coasts.

Protection of Bird Colonies

Since the primary users of dredged material islands are the sea and wading

birds which nest in colonies, and the lack of isolation and protection is one of

the primary problems these birds face, this group of species would be greatly

benefitted by the provision of protection of colonies and resting areas. They are

a1ready protected under the U. S. Migratory Bird Treaty Act and its amendments. In

addition, some states have laws and regulations designed to give protection. It

has been shown over and over throughout the United States in numerous reports that,
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in general, protected colonies are successful and unprotected colonies are not.

Every federal and state agency and individual has the responsibility to see that

its actions are not in violation of laws which protect nesting birds. To insure

compliance with the law, maintenance operations involving placement of dredged

material should be conducted in a manner which will not disturb the bird colonies.

Management should include proper care during placement of dredged material, survey-

ing, and dike construction.

Public education concerning the vulnerabi1ity of colonial nesting birds has

the potential of being a valuable management tool. Through various public affairs

channels, the general public could be made aware of the value of dredged material

islands to colonial birds. At the same time they could be informed that the con-

tinued disposal of dredged. material may be a viable management option.

Other protective measures of colonies which are valuable management tools

include posting of colonies with signs, fencing, designation of certain colonies

as sanctuaries, limiting of scientific study  and thus disturbance of the birds by

constant surveillance!, and control of wildlife predators such as raccoons, foxes,

and feral animals.

Ve etation on Dred ed Material islands

There are a number of plant species that could be planted on new or existing

dredged material islands that would increase the island's attractiveness to wild-

life and especially to colonies of nesting sea and wading birds. These plant

species are named and specific growth habits are outlined in Soots and Landin �978!

and shown in Table 5. To date, little attention has been paid to planting vegeta-

tion on dredged material islands to be used for wildlife habitat; rather, the pur-

pose of planting has been to stabilize the substrate and prevent wind and wave

erosion  Woodhouse et. al. 1972; Lewis and Dunstan 1974a, 1974b!. The DMRP's
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Table 5

Plant S ecies that can be Planted on Dred ed Material Islands

for Colonial Waterbird Nestin Habitat

Occurrence
Ran e* BSS ecies SH MH DH HS ST SF F*>

X X

X X

X X

X X
X X X ' X
X

X X X

X X X

X X X

X X X

X K X

X X X

X X X X

X K X X

X X X

X X X

X X X
X X

X X

X X
X X X

X X X

X X X X

X X X

X K X

X X X X

 Continued!

* 1 extreme southern United States  freeze intolerant!, 2 mid-south  south of
Virginia!, 3 = northern United States only, 4 = western United States only,
5 = freshwater conditions only, 6 = entire Utites States.

** BS = bare substrate, SH = sparse herb, MH = medium herb, DH = dense herb,
HS = herb-shrub, ST = shrub thicket, SF = shrub-forest, F = forest.

 From Soots and Landin 1978!
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Saltmeadow cordgrass  ~S artina patens!
Seaside pasapalum  ~pas alum vir inatum!
Saltgrsss  Distichlis ~s icata!
Evening primrose  Oenothera humifusa!
Camphorweed  Heterotheca subaxillaris!
Borseweed  ~Eri aron canadensis!
Beach peo  ~Stre h~ost les helvola!
Sedge s!  Carex spp.!
Rush es!  ~Stir us spp.!
Smartwsed s!  ~pol onum spp,!
Fescue s!  Festuca spp.!
Knotweed s!  ~pol onum spp.!
Spurge s!  ~gu horbia spp.!
Sea ox � eye  Borrichia frutescens!
Sea blite  Suaeda maritima!

Scotch broom  ~C tisus ~sco arius!

Sea oats  Uniola aniculata!
Psppergrass  ~bi idium vir inicum!
Croton  Craton punctatus!
Purple top  ~Tri alsis ~ur urea!
Beach panic grass  Panicum ararum!
Reed canary grass  Phalaris arundinacea!
Coldsnrod s!  ~Solids o spp.!
Ragweed s!  Ambrosia artemisiifolia!

Marsh elder  Iva frutescens!
Groundsel tree  Baccharis hamilifolia!
Wax myrtle  ~M rica cari era!

Shrub verbena  Lantana camara!
Wild indigo  ~Ba tisia ~leuco baca!
Yaupon  Ilex vomitoria!

6 2 6 5%6
2,5
2,5
2

5,6
5,6
5,6
5,6
5,6
5,6

2 2
5,6
4,5
5,6

6 5,6
2

5,6
5,6
5,6

6 5,6
5,6
5,6
2.5

2 2 2
3 2,5
2,5
2



Table 5  Concluded!

S ecies
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Huisache tree  Acacia smallii!
Brazilian pepper  Schinus terebinthifolius!

Black mangrove  Ay tennis Earn naos!
Oleander  Nerium oleander!
Eastern red cedar  ~Juni erus vir in ann!

e '"" ~!
galtcedar  Tamaria ~allica!
Sand pine  Pinus clausa!
Loblolly pine  Pinus taeda!
Hackberry  Celtis occidentalis!

Eastern cottonwood  ~Po ulus deltoides!

Nutsedge  s!  C g!erus spp. !

Occurrence

Ran e* BS

4,5
1
1

1

1

5,6
2,5
2

2,4
2

2,5
5,6
1

5,6
3,5
5,6

SH MH DH HS ST SF F**

X X X K
X X X X

X X X X
K X X K

X X X X

X X X
X X X K

X X

X X X

X X

X X

X X

X X

X X

X K X

X X



pine  Casuarina ! has become heavily colonized on dredged material
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Habitat Development Pxoject established plantings of herbaceous vegetation for

wi1dfowl grazing  Crawford and Edwards 1978!, and completed a study of available

and feasib1e plant material for use on upland dredged material disposal sites for

stabilization and for general wildlife habitat  Coastal Zone Resources Division

1978; Hunt et al. 1978; Landin 1978b, 1978c!. Depending upon the wildlife species'

specific requirements, a variety of suitable plants could be incorporated into a

management plan for dredged material islands. For ground nesting species using

bare substrate, no plantings would be necessary; however, some ground nesting

species use sparse, medium, or dense herbaceous cover, and plantings of the

selected species listed in the above reports would be recommended. Tree nesting

species would need to have habitats provided for them if the regions where the

islands are being built have limited amounts of the desired habitat. It is fre-

quently desirable to plant tree and shrub species on islands so that the desired

habitat can be achieved much faster, and so that the species preferred by the

target wildlife species will be the ones that are most abundant on the islands.

Moody habitat will require severa1 years �-30! to develop on i.slands, and in some

regions may never develop due to the climatic conditions of the regions  Chancy et

al. 1978!.

Another aspect of vegetation on dredged material islands is that sometimes

vegetation must be controlled in order to provide the proper or desired habitat for

target wildlife species. This would be necessary if habitat for ground nesting

species was scarce and there was an abundance of other available habitats. Some

of these areas could be cleared of vegetation to provide bare ground or sparse

herbaceous cover to allow nesting by the target wildlife species. This would also

be necessary when undesirable tree and shrub species have colonized islands, and

are not of use to wildlife. An example of this is where the exotic tree Australian



islands in Florida. It is of little use to any wildlife on these islands but

nesting double-crested cormorants  Phalacrocorax auritus! and even these species

prefer other trees for nesting before the exotic pine. Efforts to control the

tree by National Audubon Society on its sanctuary islands have already begun using

chain saws for removal of trees  R. R. Lewis, III, personal communication, 1979,

Mangrove Systems, Inc., Tampa, Florida!.

Some of the methods of vegetation control that have been successfully tried

on dredged material islands include mechanical removal  tractors, tillers, chain

saws, axes!, hand removal  pulling up plants by their roots!, controlled burning,

and applications of herbicides. Controlled burning is not very successful in that

new growth of herbaceous plants usually begins immediately after burning is com-

pleted. Herbicides should be carefully applied according to directions, and they

have been found to be extremely effective on islands in North Carolina  Worsham

et al. 1974!.

Develo ment and Mana ement Problems

There are numerous potentia1 problems that may be encountered in the building

and/or management of dredged material islands. A key to success in the early

planning stages is cooperation from federal, state, and local agencies with regula-

tory authorities. Federal and state agencies whose primary responsibility is the

protection of fisheries resources frequently express concern that island develop-

ment could cover aquatic feeding and spawning areas. Such problems could be

eliminated or lessened through careful planning to locate the island away from

productive aquatic areas or by developing an existing island without expanding

its size.

Agencies concerned with preservation of natural areas may prevent dredging

in parka and wilderness areas. When dredging is necessary in such areas to maintain
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channels, the placement of the dredged material is often a major item of contention.

Management of existing islands in such areas is possible and may be a satisfactory
alternative disposal technique.

State game and fish agencies are concerned primarily with game animals because

their source of revenue is usually derived from the sale of hunting and fishing

licenses. The management of nongame animals has received low priority in many

states, a situation that may hinder cooperation in island development and manage-

ment. In addition, local concern because of desires for fisheries and recreational

uses of waterways and islands may cause problems. Many of these problems can be

anticipated and be resolved through educational programs and public meetings.

Plannin and En ineerin

The development of specifications for dredged material disposal to develop

islands for sea and wading bird habitat and simultaneously satisfy the need to

dispose of a given amount of dredged material requires considerable care for an

agency such as the Corps. Dredging contractors should be given specific instruc-

tions as to exact locations, time of disposal, size of deposit, elevation of

deposit, and movement of disposal pipes in order to assure that plans are carried

out. Onsite monitoring is highly desirable and necessary when the disposal is

onto an island that has a bird colony or other highly vulnerable wildlife species.

Specifications such as silt curtains or temporary dikes may be required to

limit the extent of the spread of dredged materia1. If a dike is built on an

existing island and filled, then the dike should be at least partially removed or

breached to allow ground access to the water by young birds. This will generally

require the return of earth-moving equipment to the site. Diking disrupts bird

use, and it is recommended that dikes be constructed just prior to disposal and

be removed or partially removed as soon as possible after filling.

Periodic post-disposal monitoring to determine the after effects of disposal
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and succession of plant and bird life on the site and surrounding areas will

provide useful information for future disposal operations within a given area.

Planners should realise that long-range plans which cover regions with

populations of sea and wading bird colonies and numbers of dredged material

islands, while highly desirable, are not often accurate. The reason for this is

that it is difficult to predict the impacts of such factors as industrial develop-

ment, erosion, recreational use, changes in wildlife use patterns and populations,

and climatic events such as hurricanes. Such plans may include consideration of

long-term disposal needs, management of vegetation succession, monitoring of

colony and wildlife success, and target wildlife species management. All island

management plans should be periodically reevaluated and revisions made to account

for changes in habitat and wildlife use, populations, and needs.

Public Awareness and Coo eration

The public is seldom aware of wildlife needs. The public does not know, for

example, that fishing or swimming aff an island with a wading or sea bird colony

will severely damage that colony in a matter of minutes through agitation of the

adults and young which results in the young birds fleeing the nests, the adults

abandoning the nests, and eggs being exposed to summer heat which can cook them in

less than five minutes  Saots and Landin 1978!. Education of the public can be

achieved in several ways, and would be extremely beneficial. This can be accom-

plished by posting af large signs at colonies that warn away recreatianalists and

intruders and at the same time explain in simple words why this is necessary. Signs

worded such as "BEWARE. STAY AWAY. WADING BIRD NESTING COLONY. HUMANS WILL

DAMAGE THIS COLONY AND ARE NOT WELCOME. BEWARE" would help prevent human intrusion

into colony sites except by the worst of vandals and the most persistent of wild-

life researchers and bird watchers.

Another means of informing the public is via an information campaign in local
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newspapers, radio, and television. Public service announcements and programs

reach a wide number of people, and can be of real benefit. This means can also

be used to inform people about laws concerning protection on nongame migratory

birds, since many people are not aware of these laws' existence and consider

songbirds and birds other than game species fair targets year-round.

One of the best ways to reach the public is through an information program

in local primary and secondary schools. Children have strong feelings about nature

and can be quite effective in reaching their parents. Furthermore, what they learn

as children will usually stick with them as adults.

Last but certainly not least, the public should be made to feel a part of

management efforts and to realize that not only is dredging a necessity to maintain

navigation channels, but that properly used dredged material can be very beneficial

to wildlife. Positive public opinion regarding disposal operations of dredged

material in the United States may improve public acceptance and understanding of

dredged material disposal operations, and allow more of this resource to be

developed for the benefit of American wildlife.
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CENTER H!R DREDGING STUDlZS

by John Huston, P.K.*

A need for a center where new ideas and new hardware in dredging

technology could be tested, Were basic research could be ccmducted,

where special problens could be solved, and where men fromm the indus-

try could obtain academic training was recogn.ized for many years. To

meet this need, a Center for Dredging Studies was established at Texas

A6H University.

The Center for Dredging activities is described in detail.

* Dredging consulting engineer, Corpus Christi, Texas.
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CEN TER FOR DREDGING STUDIES

by

J'ohn Huston, P. K.

Whenever I am going to prepare a paper or an article, I always

remember an adage someone told me years ago... both should

be like a woman's skirt - - short enough to be interesting, but long

enough to cover the subject. I hope what follows will qualify.

IN TRODU C TION

Now the title of this paper indicates I'm going to discuss the

Center for Dredging Studies. However, in doing so I am first going

to review for you the events leading up to the forming of the Center

and why it was created. This will be, you might say, an academic

subject. Unfortunately, academics have in the past not been one

of dredging's main interests � - to say the least.

217



hs a matter of fact, my own experience in being introduced to

dredging bears this out. On signing up I was told to report to a

certain dredge at a certain location on a certain day. Upon doing

so, I was introduced around and then put to work. From that time

on for many years my memory fails me if I was ever given or

advised of any available information on dredging.

DREDGING'S ACADEMIC HISTORY

This lais sez-faire attitude toward academics was not uncommon

in industry in the early days. The concensus regarding education

then might best be brought out by Somerset Maugham's story,

"The Verger," It tells about a janitor who used to clean St. Peter' s

church until a young Vicar discovered he was illiterate and fired

him. Jobless he invested his meager savings in a tiny tobacco shop,

where he prospered, bought another, expanded and ended up with

a chain worth $150,000. One day his banker said to him, "You' ve

done well for an illiterate, but think where you would be if you

could read and write. " Scratching his head the little Tnan replied,

"Well, I'd be janitor of St. Peter's Church. "

The janitor's reflection was simila,r to that of the dredging

pioneers. They saw the development of the dredge happen through

chance, and random trial and error, rather than by plan. Experience

was their teacher in the practical aspects of dredging. So they

left the academics to others.
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This academic. syndrome wr5s&d;in dredge.ng for a long time.

Some of it still remains. For example. Compared to other

industries of comparable size, the dredging industry still remains

near the bottom of the list of time, effort and money invested in

study, research and development. Men are still placed upon the

dredges and left in an educational vacuum. Application of the

fundamentals they may have acquired in school is left to time and

chance.

While the other professions, and the trades, have always relied

for their propagation upon an apprentice system based upon study

along with practice, the dredging industry has almost completely

ignored the former.

DREDGIN G TQDA Y

Years ago we could drift along in our limicolous life and take

things as. they came. Today, however, in this age of the computer

and the energy crunch, we are having to squeeze every bit we can

out of what we have - - not only from our machines, but from our

people as well. No longer can men be expected to learn about

dredging just by experience.

Today we must look to tomorrow, not just today. We have to

study, investigate and develop. To do this we need knowledge.
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For this knowledge we must look elsewhere than just to the experience

we may get from the deck of a dredge or the end of a pipeline.

Fortunately, in the past few years, we seem to have realized

this, and have moved in that direction.

DZVEI OPMENTS

The first effort was the conception of the World Dredging

magazine. In the summer of 1965, for the first time in history a

publication became available where dredgemen could learn of

what was happening past their horizons.

With this magazine as a catalyst, the renaissance began. In

the spring of l967 a World Dredging Conference was held, and

thirty-one papers were presented. Following close upon the

Conference's heels, in the winter of l967, the World Dredging

Organization was formed. Here finally was the fulfillment of the

need of dredgemen for a professional organization.

But things didn't stop there. With the founding of the pro-

fessional organization came. the realization that there was also

a need for a place where industry could look for dredge-related

information. Until then locating dredging information, what little

there was, was nearly impossible.
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CENTER FOR DREDGING STUDIES

To solve this need it was proposed that a Center for Dredging

Studies be established - - a center where new ideas and hardware

could be tested, where basic research could be conducted, where

special problems could be solved, and where men from the industry

could obtain academic training.

Consequently, as a result of conferences between educators,

representatives of the dzedging industry and officials from

Texas AhM University, a proposal was prepared and presented

to the Board of Directors of Texas AhM University for their con-

sideration. In June of l968 the proposal was approved, and the

Center for Dredging Studies was officially created. Established

in the College of Engineering, under the Department of Civil

Engineering, administration and fiscal responsibility were placed

under the guidance of the Texas Engineering Experiment

Station.

THE UNIVERSIT Y

The decision for the Center to be located at Texas ALM was

based upon several criteria, not all of them academic. Tzavel-

wise, the University is about the easiest University in the U. S.

to get to - - and around in. Just 30 minutes north of Houston,

its expanding perimeter encumbered only by mesquite and chaparral,

it lies sprawling on the Texas plain. Ten minutes after you step
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down from the flight from Houston you can be anywhere in the

U ni ve r si t y you c hoo se.

Ranking with the best of the country's engineering institutions,

Texas AhM probably encompasses as many fields of engineering

study as any in the world. Nowhere else in the country is there an

assemblage of curriculum, men, knowledge and equipment so

closely associated with dredging.

The Center for Dredging Studies is one of the activities of

the University's Department of Civil Engineering, and is part

of the Coastal, Hydraulic and Ocean Engineering group. Bachelor' s,

Master's and Doctor's degrees are obtainable in all.

With this environment the Center has been able to contribute

measureably to the advancement of the dredging industry. In

addition to conducting research, tests, and development for

dredging companies, the government, and equipment suppliers,

it has provided the dredging industry with an extensive educational

program and information service.

RESEARCH AND DEVELOPMENT

In addition to its own hydraulic test equipment, the Center has

access to the extensive hydromechanics laboratories of the Uni-

versity. These laboratories cover 15,000 square Eeet of floor space.
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They include such major equipment as two-dimensional wave tanks

and channel flumes and long-wave basins of various sizes, equipped

with pendulum and push-plate generators.

The Center's own research and development facilities are also

located in the hydromechanics laboratories in a recently completed

6600 square-foot addition. Among the equipment available is a large

dredge pump test loop, incorporating an 11-foot by 15-foot reservoir

of approximately 800-cubic feet capacity. The pump pipe line test

loop consists of three, 180-foot long pipes of 4, 6, and 8-inches

diameter. Pressure taps and manometers monitor losses along

the pipes' entire length.

The associated instrument system for the loop includes suction

and discharge manometers, pressure gages and transducers, volu-

metric flowmeters, speed indicators, torquemeters and nuclear

density meters. The loop system is designed to withstand a vacuum

of 29 inches of mercury, making it adequate for cavitation studies.

. With these extenstive facilities, the Center conducts basic and

applied research to improve dredge-pump efficiency, cavitation,

performance, drag-arm and cutter efficiency and pump-casing wear

characteristics. Studies are made in connection with the geometries,

design criteria and standards for the jet and air-lift pumps, and

for gas-removal systems. Head-loss information on pipes, elbows,

wyes and ball joints is also obtained to improve the design of dredging

systems.



EDU CA TIONAL PROGRAM

The Center's educational program is comprehensive. Among

the services provided are short courses, special courses, seminars,

an abstracting service and library facilities.

Short Courses. Each year a regularly-scheduled dredging

short course is conducted at the University. Lasting for one week

the course covers basic information on dredging. Participants

come from all over the world. Attendance at the courses has varied

between 45 and 88, with approximately one fifth being from foreign

count rie s.

S ecial Courses. In addition to the short courses, the Center

sponsors special one-semester courses for the dredging industry.

Courses on any specific subject at any level axe arranged. The

only criteria for the formation of these courses is that there be at

lea s t ten enrollee s.

Each special course is individually designed to fit industry'B

needs. If a company wants a group of its employees to have infor-

mation onmme particular phase of dredging, a course can be

scheduled to suit almost any time-phase on any dredging subject.

For instance. A course can be designed to last one week, and be

held at any time. If more extensive instruction is desired, this

can be accommodated by extending the course over two or more

consecutive weeks, or, a three-week course, say, spread
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across three semesters, a one-week portion being given each

semester. As you can see, arrangements are completely flexible.

Lately there has been some thought given to providing "on-

location" courses. In such a program the Center would provide

instructors who would travel to and conduct a course at a site

prescribed by the dredging company - - probably the company's

headquarters. Although this program is still tentative, its

implementation would present opportunities not previously

available.

Seminars. Supplementing the short and special courses are

dredging seminars. They are held yearly in rotating order at

Houston, New Orleans and the University. These seminars

provide the dredging industry with an opportunity to stay abreast

of the latest developments in dredging. No limit is placed upon

the papers presented, and the subjects have varied from fun-

damentals to the unique and the abstract.

Abstractin Service. As part of its continuing goal of infor-

mation dissemination, the Center has established an abstracting

service. Abstracts of all past and recent literature having to do

with dredging are available to the industry. Catalogued in more

than 50 basic areas of dredging, they cover nearly 1000 articles,

reports, papers and books germane to dredging. The abstracts

are updated and issued monthly.
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The Center can provide the full text of any abstract of literature

cited. Supplementing the abstracting service is a continually updated

dredging bibliography.

~Libra@ H.oused in the University's main library, which has

a seating capacity of 2000, are the principal research collections.

They number in excess of 1, 500,000 volumes. This collection,

along with the University's regular engineering collection, makes

up what is one of the finest technical libraries in the country.

There is also a technical report center. Access to this collec-

tion is through a cataloging system delineating author, title, issuing

agency, participating agencies, report and contract number. In

January, 1975, this coQection was officially designated as the

Technical Reports Center and was provided with a full-time staff.

Areas of emphasis are transportation, oceanography and water

resources and development. There are now over 10,000 catalogued

reports.

The hydromechanics laboratories also have a special library

for the Center, as well as the Coastal, Hydraulic and Ocean Engi-

neering group. The list of international publications include the

tytajor water-oriented publications of the Netherlands, United

Kingdom, Japan, France and the U. S. A.

PROFESSIONAL DEVELOPMENT

The Center contributes to professional development. Currently

under consideration by engineering registration boards throughout
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, the country are new educational requirements for renewal of

professional licenses. Briefly, this is a new concept whereby the

renewal of licenses will inthe future be based upon a requirement

of continuing px'ofessional development. Two states, Iowa and

Minnesota, have already adopted this requirement, and it is expected

that the others will soon follow.

To qualify for registration renewal under this new mandate,

professional engineers will be required to obtain a specific number

of "credit hours" of professional development each year. Three

ways are available by which these hours can be accumulated: pro-

fessional practice itself, formal academic-level study, and par-

ticipation in the programs and activities sponsored by the technical

and pxofessional societies and institutions.

The CEU  continuing educational unit! is the nationally-used

measuring unit for professional development credit, Generally

speaking, ten hours of professional activity will be worth one CEU.

Hence, attending a l-day, 8-hour course would be worth 4/5th of

a CEU, or, for week-long, 5-day short course, 4 CEU's.

Attendance and participation in other courses snd technical meetings

would qualify proportionally.

For those of the dx'edging profession who are registered

engineers, and for those who intend to be, the Center will provide

a means to accumulate credits. The educational program of the
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Center, in conjunction with our professional association, will pro-

vide credits for attendance at short and special courses, seminars,

technical meetings and other technical activities.

SUMMARY

Now a long time ago an oLd country-preacher friend of mine

gave me some advice. He told me that whenever I wrote an article

or prepared a speech, it should have only three parts... �!

tell 'em what you' re going to tell 'em, �! tell 'em, and �! tell 'em,

what you' ve told 'em. I' ve completed the first two parts, so the

third now follows.

Some forty-plus years ago when 1 first was exposed to dredging,

I could find little or nothing about it - - there was an informational

vacuum, This situation continued unabated until about 1965, when

the first issue of World Dredging magazine was published.. Things

improved further when the World Dredging Conference was organized

Following this was the establishment of the World Dredging Organ-

ization, and then the Center for Dredging Studies. There was now

little else one could ask for. It was dredging's renaissance.

THE FUTURE

There is one thing that yet concerns me. We must be careful

that none of these creations are allowed to die, or wither away to
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uneffectiveness. This could happen, you know. The world is

replete with the failures of good intentions.

So, let me say this to you in closing. Support these organ-

izations. Keep up your membership. When possible, present your

thoughts, experiences and ideas through the forums available. If

you are not heard, the organizations will perish.

Those of you who represent management of dredging companies,

equipment suppliers, and manufacturers, and those in government

as well, can do more. See that your company or organization is

among those who contribute materially - � advertise in the magazine,

provide ways for your employees to attend the short courses, special

courses, seminars and association meetings - - and, last, but

certainly not least, assist financially in the perpetuation of the

Center for Dredging Studies. For every dollar given by industry

to the Center, the Government will not only match it with two dollars,

but will allow the donated dollar to be deducated from the donator's

income tax.

If we all contribute in our own possible way, I am sure that

the dredging profession's lantern wiU. continue to remain out from

under the bushel.
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VARIATION OF POROSITY OF OCEAN BOTTOM SEDIMENT AS A

FUNCTION OF DEPTH AND TIME

by

Louis J. Thompson

ABSTRACT

As sediment is deposited on the ocean floor its weight loads the

sediment buried below it. The buried sediment can only be compressed

if the water can be expelled. As the sediment compresses the permea-

bility decreases. If the permeability decreases faster than the

sediment compresses the water is entrapped, high pore pressures must

result, and consolidation almost stops.

The compressibility and permeability of seven different submarine

sediments were measured directly. The maximum vertical stress was

10,000 psi. It was found that a power law function of porosity could

adequately describe the intergranular stress and another power law

function of the porosity could adequately describe the permeability.

The governing differential equation that gives the relationship

between the sediment porosity and the independent variables depth and

time has been derived. It is a quasilinear second order parabolic

partial differential equation that has a unique solution. Its basis is

equilibrium, conservation of mass, Darcy's law and the empirical equa-

tions for permeability and compressi blity.

The equation shows that f' or the very special case where the depos-

ition rate is constant and if the depth is always measured from the

moving mudline, the porosity of the sediment is independent of time and

a function only of depth.

Civil Engineering Department, Texas ASM University, College Stat~on,

Texas 17843
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FIELD BIOASSAYS FOR DETECTION OF CHRONIC IMPACTS OF

DREDGED MATERIAL ON A/VATIC ORGANISMS

W. E. Pequegnat

ABSTRACT

A major problem facing those who must assess the environmental effects

of the disposal in the ocean of industrial and municipal wastes, including

dredged materials, is determining whether given wastes elicit chronic

deteriorative responses in important species of organisms. The full

importance of such low-level, nonlethal effects is not known, but it is

suspected that repeated elicitations may result in ecosystem changes as

important as those caused by more easily determinable acute effects.

Such considerations are important to the marine environment, where dumped

pollutants may be quickly diluted to legal nonlethal concentrations,

but may still bring forth cumulative chronic response patterns.

The principal objective of the present study has been to develop a

method of assessing in the field the impacts of the disposal of various

industrial and municipal wastes. The gauge of the significance of the

impact is not mortality measures against time, but the increase or decrease

in concentration of certain metabolic enzymes that signal whether an

organism is under stress from a class of wastes. Also, by analyzing

tissues of test and indigenous species for the accumulation of metals,

PCBs, and high molecular weight hydrocarbons as well as for the enzymes,

one gains an insight into the actual effect, if any, of the accumulation

upon the ~hole organism. The test organisms are exposed for selected

1Texas ASM University and TerEco Corporation, P. O. Box 2848, College
Station, Texas 77840
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periods of time in the field in devices called Biotal Ocean Monitors

 BOMs! of which there are two types, the free-floating Pelagic BOMs  P-

BOMs! and stationary Benthic BOMs  B-BOMs!. After exposure in test and

control BOMs, the housed organisms, which range from bivalves and poly-

chaetes to pelagic and demersal fishes, are assayed for enzyme induction.

At present we use the enzyme ATPase, which is found in cell mitochondria

and responds particularly to excess biphenyls in the environment; cata-

lase that is dissolved in the cytosol and responds to excesses of toxic

metals; and cytochrome P-420 and P-450, which respond to cyclic and long-

chain hydrocarbons. In addition we are studying the applicability of the

adenylate energy charge system to this problem. The Biotal Ocean Mon-

itoring System has been applied with promising results to analysis of

impacts of municipal and industrial wastes, dredged material, and high-

salinity brine discharges in the western Atlantic Ocean and Gu3.f of

Mexico.
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INTRODUCTION

Re ulato Call for Bioassa s

In the United States during the past two years, laboratory bioassays

have assumed a maj or role in regulating the disposal of varied wastes

into marine waterways. The regulating agent is the Environmental

Protection Agency  EPA!, which is directed to protect the integrity

of U. S. ocean waters in Section 102 of Public Law 92-532, the Marine

Protection, Research, and Sanctuaries Act of 1972  the Act!. Accordingly,

EPA issued the final version of regulations and criteria for ocean dumping

in the Federal ~Re inter, Fel.. 42, Nn. 7, ll January 1977. Seetlan 227.27 h!

of the regulations calls for bioassays of most waste materials prior to

issuance of a dumping permit. In May 1976, EPA published a manual which

was revised in 1978  U. S. EPA, 1978! detailing methods for bioassaying

in the laboratory wastes other than dredged materials prior to issuance

of a dumping permit. In July 1977 a manual describing techniques for

bioassaying dredged materials was published jointly by EPA and the Corps

of Engineers  U. S. EPA and U. S. Army Corps of Engineers, 1977!.

Validit of Bioassa Results

Some difficulties have been encountered by various laboratories in

attempting to carry out these bioassays. This has been particularly

true of so-called solid phase bioassays of dredged materials. Partly

this has been related to the particular species of organisms used in

the tests. And certainly there is as yet no unanimity of opinion as to
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the most appropriate species for these tests. Other difficulties with

survival have been related to the fact that mast laboratories were

equipped to work only with static rather than flow-through systems.

Granted that flow-through systems may be superior ta static systems

and that other technical problems can be overcome, there are still

more fundamental doubts that the ecological bioassays carried out in

the laboratory are measuring what we need to know about dumping prac-

tices. Except in a few ideally situated laboratories, it is unlikely

that laboratory tests can simulate field conditions. Yet major deci-

sions on dumping, involving in some cases hundreds of thousands of

dollars, have to be made from less than ideal information.

Potential of Field Bioassa s

At present, mortality is the end-point of most laboratory bioassays.

Those who question whether this is the proper gauge of the acceptability

of materials for dumping or of the way in which the dumping is carried

out cite the real possibility that some wastes approved for dumping may

elicit chronic deteriorative responses in important species of organisms.

We are uncertain as to the ultimate importance of such low-level, non-

lethal effects on the biota of the receiving ecosystem, including man.

Still such possibilities are important to those managers of the marine

environment who feel that even though dumped pollutants may be diluted

to legal, nonlethal concentrations in prescribed time periods they are

still capable of evoking cumulative, chronic response patterns in impor-

tant organisms. Three technical changes in the bioassay routine show

promise of overcoming most of the present problems with laboratory
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bioassays. These are, first, that the bioassays be conducted in the

field at the dumpsite during actual dumping operations; second, that

indigenous species be exposed alongside of usual bioassay species; and,

third, that metabolic enzymes be utilized to detect the potential of

a waste to elicit chronic responses in test organisms.

Stimulated by the above considerations, the principal objective of the

present study has been to develop an early warning system to reveal when

organisms are being seriously stressed by particular wastes and disposal

practices well before fatality occurs or is inevitable. Chronic effects

cannot be gauged by mortality unless tests are carried out for such long

periods that costs become a controlling factor. Thus, if chronic effects

impinge seriously upon human welfare, it is to our advantage to develop

in situ tests that can be carried out in a short time, and in which the

severity of the i~pact is measured by changes in the induction of selected

metabolic enzymes that will signal that test organisms are under stress

as compared with controls. Since most enzyme levels cannot be mea-

sured in the field, the method that TerEco Corporation has developed

over the past five years is actually a field/laboratory technique.

MATERIALS AND METHODS

Develo ment of Biotal Ocean Monitors

During the course of monitoring the physical impacts of the ocean incinera-

tion of organochlorine wastes by the incinerator ship N/T VULCANUS in
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1974 and 1975  Wastler et al., 1975!, TerEco Corporation saw the need

for a free-floating device in which organisms could be held in contact

with the ambient environment containing waste products long enough for

the possible development of subtle metabolic responses that would fore-

shadow chronic impacts. Since incineration was carried out in deep water,

it was concluded that only organisms living in the water column would be

impacted by unburned organochlorines carried to the sea surface in the

plume of slack gases. Hence the floating monitoring laboratories that

TerEco designed were called Pelagic Biotal Ocean Monitors or P-BOMs

basis for a viable monitoring program, work was started in 1976 on a

very different type af BOM that could be deployed to monitor high-

density wastes such as dredged material that would tend to impact

benthic organisms. These units were named Benthic Biotal Ocean Monitors

~t

range of species, but are alsa designed to capture and hold indigenous

species  Pequegnat et al., 1978 and 1979!.

Field Activities

The field tests during which organisms were exposed to polluted dredged

material and sewage sludge were conducted in the northwestern Atlantic

Ocean off the coasts of New York and New Jersey in the New York Bight

fertilized sea-urchin eggs and phytoplankton to species of both shell-

fish and finfish. The master cylinder of the P-BOM is made of mano-

filament nylon woven into a 2 mm mesh. Smaller organisms, such as
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phytoplankters and shrimp, are housed in small-mesh nets hung in the

master cylinder. Larger fish are free to swim in the large-mesh cylinder.

All tests require the launching of a control BOY at an appropriate sta-

tion outside the polluted zone.

After launching the BOM alongside the ship, each compartment is loaded

with sufficient organisms to provide a statistically adequate sample for

analysis. Also, as each species is introduced into the BOM, a sample

is immediately sacrificed for the Laboratory analysis of the pretest

condition of the organisms. When loaded the test P-BOM is placed where

it will be exposed to the pollutant involved and then, depending on the

objective of the experiment, either set adrift or anchored in a place

where it will receive further exposure. The control is placed in a

position that will remain free of the pollutants far the 5-10 days of

the monitoring. When set adrift, the P-BOMs are equipped with radio

beacons for easy retrieval.

Loading of the benthic units is done either alongside the ship or, in

shalLow water, by divers after it has been placed on the bottom. The

bottom of the B-BOMs is made of stainless steel mesh � mm! allowing

the floor to be covered with a veneer of sediment. The drawers in the

benthic units are loaded with polychaetes, bivalves, and grass shrimp,

whereas the nylon upper compartment contains finfish. The traps in

the base generally capture diverse species of fish, crabs, Lobsters,

and starfish, all of which can be analyzed for metals and hydrocarbons

to ascertain what materials arebeing accumulated in their tissueI.
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Upon retrieval of both the P-BONs and the B-BOMs, the organisms are

prepared immediately for laboratory analysis. In some cases the whole

organism is quick frozen in liquid nitrogen, whereas in others the liver

is removed and frozen separately for enzyme. analysis and other tissues

prepared for trace metal or hydrocarbon analyses. By comparing the

concentration of, say, toxic metals such as cadmium in the tissues of

individuals of a species living  a! at the dumpsite,  b! held at the

dumpsite in Bus, and �! individuals of the same species at the control

site, one can determine whether or not bioaccumulation of critical

compounds is taking place in key species. We know that bioaccumulation

is a normal function, but what is not so easy to determine is whether

or not the accumulation is stressing the organism. In other words, we

are lacking a calibrator; the metabolic enzyme approach promises to

fill this need.

Laborator Anal ses

The initial laboratory analyses of organisms exposed .to organochlorine

wastes in P-BOMs attempted to discern the presence of organochlorine

wastes in exposed organisms. Later histological studies of various

tissues of exposed and control organisms were added to the routine,

but both endeavors required longer periods of exposure than were deemed

practicable for monitoring work. Therefore, more subtle means of

detecting stress early on in the exposure process were sought. As a

result, initial tests were run on a suite of metabolic enzymes that

it was anticipated would respond to particular classes of chemicals.

The rationale for this search was simply that any living cell maintains
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itself by extracting energy from its environment and transforming it

into chemical energy to drive biosynthetic reactions and many other

energy-requiring ractions of which the various specialized cells of the

body are capable. All of these activities are mediated through enzymes

that are quite functionally specific. It is well known that changes

occur at various points in the enzyme systems when an organism is under

environmental stress. The initial response may be either an increase

or decrease of enzyme levels in cells, say, of the liver. Eventually

there may be a failure of the cell function catalyzed by the particular

enzyme under study; prior to this the organism is likely to exhibit a

chronic nonlethal response. Thus, the disposal of toxic chemical wastes

in the aquatic environment, which is often periodic, will serve as the

stimulus for chronic stress responses. Between disposals the organism

may be able to rid itself of sufficient toxic material to exhibit only

nonlethal responses. Even so, its subnormal response is signalling that

if it is sub]ected to an intensification of the disposal activities, by

increasing amounts per dump or by shortening the time between dumps,

acute and lethal responses may be evoked  Pequegnat, 1978!.

Enz es Selected for Monitorin

After testing a dozen or so enzymes, TerEco selected three for field

work. At present we are using ATPase, which is found in cell mito-

chondria and responds particularly well to excess biphenyls in the

environment; catalase, which is dissolved in the cytoeol and responds to

excesses of toxic metals; and c tochrome P-420/450, which respond to

metals but particularly to cyclic and long-chain hydrocarbons. In
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addition, TerEco has employed the ~aden late ~ener v ~char e ~saturn in a

few field tests. The. advantage of this latter technique, which involves

analysis of ATP, ADP, and AMP, is that a complicated set of enzyme

reactions are reduced to a single parameter that relates ail control

methanisms to the energy level of the cell, which is then expressed as

the following ratio.

ATP + ADP adenosindi hos hate
ATP + ADP + adenosinmonophosphate  AMP!

The energy charge of a healthy cell centers around 0.85. Only at and

above this level can growth and reproduction occur. Viability is main-

tained between 0.8 and 0.5, but death occurs at levels below 0.5.

Chlorinated hydrocarbons and some metals act as inhibitors of the electron

transport system enzymes with a consequent lowering of the energy charge

ratio.

RESULTS

During the summer of 1978 tests of the effectiveness of ATPase as an

indicator of stress ware run on fish ~Pundulus Erandis! kept in B-BOMs

period dredged material taken from polluted New York Harbor was being

dumped three times daily throughout the seven days of the test. B-BOMs

were placed upstream of the dumpsite  control.!, in the site, and one

results are shown in Table l.
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Table 1

ATPese Levels in Fundulus ~randis Liver

After 7 Days Exposure in the New York Mud Dumpsite

No. of Fish Anal zed ATPase  Units*/ . Protein Ave.Location

33

35

32

*One unit equals the amount of ATPase which will decompose 1 eg. of NADH

 Nicotinamide adenine dinucleotide reduced form! in 1 minute.
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Upstream B-BOM

In Dumpsite

1 Mile Downstream

0.124

0.040

0.091



Tests of sediments showed the presence of PCBs in the dumpsite and well

downstream of it. This is reflected in the higher ATPase values in

fish held in the dumpsite and downstream BOMs as compared with the

upstream site.

C tochrome P-420 and P-450

Values for this enzyme are expressed in terms of qMol P-450 per mg of

liver protein and hOD/min/mg liver protein. Again tests were run at

te New York Mud Dumpsite, the Sewage Sludge Dumpsite, and at the control.

At the latter dumpsite sewage sludge is dumped by barge several times a

day. B-BOMs and P-BOMs were used in the sites and at the control site

well east of dumpsites. The results of this summer 1978 test are shown

in Table 2.

The cytochrome P-450 levels of the Fundulus exposed in P-BOMs are appre-

ciably higher than levels of benthic fish in B-BOMs at both the Control

and Mud Dumpsite  MD!, whereas at the Sewage Sludge Site  SSS! the two

values are relatively close. When compared to the control site values,

the SSS fish show similar P-450 values at the pelagic level, whereas

benthic levels are significantly higher. Pelagic fish at MD show the

highest P-450 levels, whereas benthic fish show levels close to those

of the control site benthic fish. Cytochrome P-420 levels are signifi-

cantly higher in pelagic fish than benthics at both the SSS and MD,

whereas at the control site the two values are relatively close. Also,

we note that P-420 levels in pelagic fish at both dumpsites are greater

than levels at the control. Since cytochrome P-420 is a solubilized



Table 2

Cytochrome P-450 Values from 90 Fundulus Livers

Exposed at New York Bight Dumpsite

July-August 1978

P-420Site & Bom Type

BOD/min/mg liver protein

S.D.S.D.

Control Site

0.020.45 0 ' 10

0.020.080.17

Sewage Sludge Site

0. 16 0.070.46

0.030. 41 0.09

Mud Dumpsite

0.040.13

0.01 0. 003B-BOM

243

P-BOM

B-BOM

P-BOM

B-BOH

nM P-450 per mg

Liver Protein

1.16 0 F 70

0.25 0.16

0.008

0.015

0.029

0.010



form of P-450, the high P-420 levels in the pelagic fish of the dump-

sites is perhaps indicative of even stronger induction of the P-450

system at these two sites where experimental fish were undoubtedly

exposed to relatively high levels of hydrocarbon due to heavy ship

traffic.

Catalase

Tests for catalass change in the killifish ~Fundulus ~randis! when

exposed to results of the dumping of sewage sludge and dredged material

were also carried out in the New York Bight in Ju1.y-August 1978. The

results are shown in Table 3.

The lower values of catalase in fish at the sewage and mud dumpsites

compared to the upstream control site reflect stresses on the organism

in response to excess toxic metals in these disposal environments.

Aden late Ener Char e

The following data are the first field data that TerEco has derived from

application of an energy charge analysis. They were obtained from the

1978 Hew York Bight study using the grass shrimp, Palaemonetes puu~fo

as the test organism. Data are insufficient to permit drawing firm

conclusions, but the following observations can be made from examina-

tion of Table 4.

First, all energy charge values are Os67 or above. Life can be sustained

between 0.5 and 0.8, but only at 0.85 can growth and reproduction occur.
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BU/m Liver Protein s ~ d.Site 6 BOM e

 x 102!

Control Site

0.41.20

1.80 0.3

Sewage Sludge Site

0.090.9

1.4 0.2

Mud Dumpsite

0.020.5

0.010.9
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P-BOM

B-BOM

P-BOM

B-BOM

P-BOM

B-BOM

Table 3

Catalase Values from 90 Fundulus Livers

Exposed at New York Bight Dmnpsites

July-August 1978



Table 4

Adenylate Energy Charge P-BOM and B-BOM Samples

New York Bight Control, Sewage Sludge, and Mud Site

July-August 1978

Population Segment

Wet Weight

Mean

Energy Charge

Control Site

.85 + .06P-BOM

.70 + .11

.77 2 .12B-BOM

.69 + .11

Sewage Sludge

.85 + .05P-BOM

.67 + .04

.80 a .04B-BOM

.73 + .05

Mud Dumpsite

P-BOM

B-BOM

.68 + .08
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Test Organism: Palaemonetes -~u ~io

<200 mg

>200 mg

<200 mg

>200 mg

<200 mg

>200 mg

�00 mg

>200 mg

<200 mg

>200 mg

<200 mg

>200 mg

.87 i .04

.72 + .05

.77 i .01



All of the smaller shrimp  <200 mg! averaged an E.C. of 0.85 or above,

but the larger shrimp did not. In fact, in all cases the older shrimp

had low E.C. values, but not to the point of lethality. Also, the B-MN

values are uniformly lower than those from P-BOMs. In addition to

pollutant effects, the lower B-BON values may also be related to a

factor of depth at and below the thermocline where temperature is

depressed with increasing depth.

DISCUSSION

Catalase and ATPase

The uses of Catalase and ATPase as measures of response to excess toxic

metals and biphenyls in the environment are sufficiently straightforward

as to need no further discussion at this time. However, we do plan to

maintain them in our Biotal Ocean Monitoring System along with E.C. and

cytochrome P-450, which are !ust now coming into more general use.

Evidence is accumulating that the P-450 mixed function oxidase  MFO!

system can be a useful indicator of the sublethal effects of petroleum

hydrocarbon pollution on a variety of marine organisms. If so, it

will become an important monitor of environmental impacts. Buhler �966!

provided the basis for this by demonstrating that detoxification of

organic xenobiotics in fish can be related to hepatic metabolic activity.

Since then evidence has accumulated that the cytochrome P-450 dependent
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MFO enzyme system is the mechanism by which a variety of environmental

pollutants  especially petroleum hydrocarbons and PCBs! are detoxified

in the liver's of fish. Components of the cytochrome P-450 linked MFO

system are bound to the membranes of endoplasmic reticulum with highest

levels in the liver. When analyzed spectrophotometrically, the cyto-

chrome P-450 hemoproteins in a CO-bound reduced state display a Soret

absorption maximum peak near 450 nm, while the solubilized P-420

exhibits a Soret peak at 420 nm  Omura and Sato, 1964!.

The biotransformation of sublethal concentrations of environmental

pollutants by the MFP system is interesting due to the apparent induci-

bility of the system. Lidman et al. �976! and Statham et al. �978!

demonstrated induction of increased P-450 and MFO enzyme levels in rainbow

trout upon exposure to PCBs and polycyclic aromatic hydrocarbons,

respectively. In a study of the estuarine fish Fundulus heteroclitus,

Burns �976! found induction of P-450 in laboratory fish exposed to

phenylbutazone and some evidence of elevated P-450 levels in fish from

polluted natural environments relative to populations from nonpolluted

areas. Of particular interest to us is that Yarbrough and Chambers �977!

showed induction of the MFO system in mullet exposed to crude ail extract

for only four days, and Stegeman �978!, monitoring P-450 in natural

fish from an oil-contaminated marsh relative to fish from unpolluted

environments.

Aden late Rner Char e

Few reports exist as to the application of the adenylate energy

charge system  E.C.! to pollution studies. But the generality of its
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potential use should make it a very sensitive and useful assay for low-

level or chronic responses to toxicants. Brezonik et al. �975!

discuss the rapid response of ATP to additions of toxic substances and

suggest the use o f ATP in toxic ity studies; hence the po tent is 1 for

pollution studies of certain types is well founded. The rapid drop

in E.C. ratios noted by Chapman et a1. �971! as a response to oxidative

phosphorylation inhibitors would suggest the use of this assay for

chlorinated hydrocarbons or PCBs, since Pardini �971! notes that their

toxic effect is observed most readily as inhibition of electjon transport

system enzymes. Since a ratio is dimensionless, a direct comparison

can be made from baseline to test to control conditions and from one

collecting station to another without the ancillary sample series required

were one to use ATP values alone. Accordingly, the advantages of its

use would be its sensitivity for assaying detrimental effects of low

levels of toxicants and the simplification of field sampling logistics.
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Figure 1. Pelagic Biotal Ocean Monitors  P-BQMs! of tvo sites � and 20 feet
in diameter! deployed to monitor the incineration of toxic organo-
chlorine residues of the manufacture of polyvinylchloride and other
compounds. The BOMs, both controlled and exposed, contain a variety
of organisms that are analyzed after the 5-7 day exposure.
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Schematic of a Benthic Biotal Ocean Monitor  B-BOM!. The
stainless steel mesh base is 4 feet on edge and the nylon
mesh cone is 6 feet tall. The device is designed to hold
a variety of organisms in steel drawers, nylon pockets,
and free spaces. It is effective in trapping and hoMing
apart various indigenous species.



Figure 3. Bathymetric map of the New York Bight showing the location
of the Mud Dumpsite and Sewage Sludge Dumpsite where both
P-BOMs and B-BOMs were used in monitoring impacts.
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CONTAMINATION OF JAI'LES RIVER

BED SEDIJWENTS HITM KEPONE

by Charles A. Lunsford
1

ABSTRACT

The Virginia State Hater Control Board, along with various state

and federal agencies, has been involved in addressi ng the Kepone contamina-

tion in the James River estuary. This paper discusses the SWCB's involve-

ment in an intensive monitoring program to determine the extent of Kepone

contamination of the bed sediments, and a study conducted to investigate

the release, translocation and biological uptake of Kepone associated with

dredging.

Kepone was detected in bed sediment samples collected over a 72 river

mile area. The bulk of the contamination was confined to the top 16. 51 cm.

The greatest concentrations were detected in the Hopewell area which was

the original source of contamination . Deposition si tes, downstream of

Hopewell, contained fine-grained sediments, rich in organic matter. The

distribution pattern indicated that the turbidity maximum zone is a major

deposit~on area for sediments moving seaward.

The dredging study was unable to detect an increase in the Kepone

water column residues above ambient levels or demonstrate a biomagnification

of Kepone by the test organism., estuarine bivalve, A'a~@~~ awnoatn..

1Virginia State Hater Control Board, Division of Ecological Studies,
Richmond, Virgin~a 23230,
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INT RODUCT ION

Historical Perspective

During the period 1966-1975, Kepone, or chlordecone, a persistent

organochlorine insecti ci de similar to mi rex was discharged into the

James River estuary at Hopewell, Virginia. Kepone manufacture began at

Allied Chemical Corporation's Semi-Works Plant in 1966 and continued

there unti 1 1974. During this period approximately I.5 million pounds

of Kepone were produced. Production then sh~fted to Life Science Prod-

ucts, Inc. which produced approximately 1.7 million pounds of the insec-

ticidee during 16 months of operation in 1974 and 1975.

The majority of the Kepone produced was shipped abroad to combat

the Colorado potato beetle in Europe and the banana root borer in Central

America. Its use in the Un~ ted States was limited to a small volume

placed in ant and roach traps at a maximum allowable level of 0.125K

Kepone  Battelle, 1978!.

In July, 1975, Life Sciences was closed under pressure by the State

Health Department because of inadequate employee protection in the pro-

duction of the toxic compound.

It was est~ mated by Battelle �978! that 200,000 lbs. of Kepone was

released to the environment through atmospheric emissions, wastewater

discharges and bulk-disposal of off-specification batches. Present esti-

mates indicate that there are 20,000 to 40,000 lbs. of Kepone deposited

in the top 30 cm of the James River bed sediments  U.S. EPA, 1978!,

EPA's Health Effects Research Laboratory in North Carolina conducted

an environmental samp ting in the James River estuary in late 1975. This
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was the initial indication of the extent of Kepone contamination in the

James River estuary  U.S. EPA, 1978!. Widespread contamination of the

water column, bed sediments, finfish, shellfish and blue crabs was noted.

Finfish, shellfish and blue crabs were found to exceed the United States,

Food and Drug Administration's action levels for Kepane.

Due to these findings, in late 1975, the James River and its tidal

tributaries were closed to commercial fishinv except for the taking of

shad/herring  ctZosa spp. !, channel catfish  TotaZ~~~~ p~~nctczt~~! and the

harvesting of female blue crabs  CaZZieeoies aapiaus!. This was followed

by a ban on sport fishing by order of the Governor. Some 157.5 km  85 mi!

of the James River were affected by these closures.

The Virginia Kepone Task Force was established in December, 1975 to

develop a comprehensive monitorinq program with responsibilities div~ded

between the State Mater Control Board, State Health Department and the

Virginia Institute of' Marine Science  Bellanca and Gi lley, 1977!. This

monitoring program focused on drinking water, surface water, groundwater,

sediments, non-point source studies, finfish, shellfish and blue crabs.

Presently this monitor',ng program is still bei ng admi nistered.

The State Water Control Board's monitoring efforts have centered on

the Kepone contamination of the water column, bed sediments and finfish.

Alsc in late 1975, because of concern over the potential adverse im-

pacts of dredging and d'.sposal of Kepone contaminated sediments on aquatic

resources, the Governor's Office declared a moratoriu~ on dredging in the

James River estuary and an Interagency Task Force on Dredging was formed.

This Task Force was disbanded by the Governor in January, 1978. Pre;ently,

prio~ to the issuance of 401 dredging certificat s, Kepcne concerns are re-

viewed by a Federal/State permit coordination group,
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James River Estuary

The James River is the southernmost and third largest tidal trib-

utary of the Chesapeake Bay, in reference to the volume of river flow;

the first two ar e the Susquehanna and Potomac river systems. It is a

partially stratified estuary wi th the salt wedge extending approximately

64 km �0 mi! upstream from the river mouth, this distance varies accord-

ing to the volume of river flow. Water movement in the estuary is domi-

nated by freshwater flow and tidal action. The tidal reach extends to

Richmond, 157,5 km  85 mi! upstream from its mouth at the Hampton Roads

bridge tunnel.

Fishery resources in the James River are di verse, productive and

include freshwater and marine fish. These resources were described by

Battelle �978!. Commercial fishing grounds extend 65 nauticai miles

upstream to the Hopewell area. The freshwater and upper portion of the

brackish water zones are extensively utilized by anadromous fish as

spawning and nursery areas. The brackish water zones provide a nursery

area for important commerciaI species that. are taken within the Chesa-

peake Bay.

The lower estuary is a very productive shellfish area. The impor-

tant commercial species include the hard clam, 1'!e~cermria mexceruzria and

the eastern oyster, C'rassostrea vi~gi~~aa. The James River is the most

productive and the only major source of seed oysters in Virginia.

Another important fishery in the James River is the harvesting of

the blue crab, C'aLLinectes sapiens. Major nursery grounds are located

between river mi Ie 10 and river mile 34.  Va. Institute of Marine Science,

1973 cited by Battelle, 1978!.
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Sediment Yoni toring

The monitoring of bed sediments to determine the distribution of

Kepone in the James River estuary was initiated by the State Water Con-
trol Board in 1976. The resulting data have been a valuable input into

several aspects of the Kepone contamination problem, these being: a! the
evaluation by state and federal agencies of the feasibility of removing

or stabilizing Kepone contaminated sediments, b! provid~ng information

to the Federal/State 401 dredging certificate group to aid in thei r eval-

uation of dredging and disposal activities in the James River estuary and
c! provide annual comparison of Kepone bed sediment concentrations to de-
tect any unexpected movement of the Kepone reservoir downstream af the
turbidity maximum zone towards the lower James River and Chesapeake Bay,

Dredging Studies

Recent dredging projects in the James River estuary, using conven-

tional dredging techniques, have presented an opportunity to monitor the
dredging and disposal of Kepone contaminated sediments to determine the
effects of the resuspension of such sediments. In July, 1976 a channel

maintenance test dredging was conducted as the result of an agreement

between the Commonwealth of Virginia and the United States Army Corps of

Engineers, Norfolk District Office. Approximately 2l5,000 cubic yards
of shoal material was hydraulically dredged from a freshwater area near

Windmill Pt. in the James River and disposed of in an open water disposal

site. Windmill Pt. is approximately 7 river miles downstream of Hopewell.

This project was monitored by the State Water Control Board  R,A. Gregory,
unpublished data!. Three species of organisms were used to monitor Kepone
uptake. There were: bluegill sunfish, Lepomi " mzeroahjru,-,', channel cat-
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fish, retalu~s punctatus; and the brackish water bivalve, Rangia cunaata.

This study was unable to demonstrate that the dredging significantly

elevated the Kepone residues of the test organisms.

The Virginia Institute of Harine Science monitored the dredging of

Kepone contaminated sediments for two projects in the lower James River.

These included: dredging at the Surry Power Station in late 1977, early

1978, and the Skiffes Creek area, access channel to the Fort Eustis com-

plex, conducted in June, 1979.

The most recent field investigation by the State Water Control Board

concerning the effects of resuspending Kepone contaminated sediments dur-

ing dredging was conducted in January, 1979. The dredging project involved

the removal of 3S,000 cubic yards of Kepone contaminated bottom sediments

in Bailey Bay, Hopewell, Va. The purpose of dredging was to remove sedi-

ments that had silted in a raw water channel, as well as provide a depth

of 26 feet below mean low water at a shipping pier to allow ships access.

Dredging was accomplished by a hydraulic dredge, and the dredged materials

were transported by pipeline to an open water disposal site in Bailey Bay.

The monitoring of Kepone contaminated bed sedi ments in the James

River estuary from 1976-1978 is discussed in this paper. Also presented

is a discussion of the field investigation conducted by the State Water

Control Board concerning the dredging of Kepone contaminated sediments in

Ba~ley Bay. The major objectives of this study were to: aI detect if

Kepone residues in the water column were elevated above ambient levels

during dredging and disposal and b! determine if conventional dredging

and disposal methods elevated the Kepone levels in James River biota using

the brackish water bivalve, Rangia cuneata, as the test organism.
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NATERIALS AND NETHODS

Sediment Nonitoring

Samples were collected annually at 48 to 60 stations within the

James River estuary. Station locations are shown in Fig. l. A bri ef

description of each station is given in Table l.

Collections were made with a Phleger gravity corer, 4 to 5 cores

were collected at each station. This sampler was fitted with buterate

1iners, 3.5 cm in diameter and 61 cm long. Core retention is accom-

plished by a simple positive displacement valve arrangement providing

closure of the top of the samp1er. Depending on the consolidation of

the bottom material, various locking weights were attached to the sam-

pler for proper penetration. Upon retrieval of the sampler after each

collection, the core liner was removed and held in a vertica1 position.

Each core sample was labelled according to station and substrate char-

acteristics and frozen in a vertical position in a specially designed

freezer box with dry ice. Samples were transported to the laboratory

for processing,

The core samples were thawed, extruded from their core liners and

sectioned into specified increments� . Four of the five cores were sec-

tioned and composited for each increment. The upper 16.51 cm of the

fifth core was frozen and stored in the laboratory as a reference core,

Each composite sample was di vi ded into two subsamples, each con-

sistingg of approximately 50 grams, wet weight. One sub-sample was sub-

mittedd to the State Division of Consolidated Laboratory Services  DCLS!

Richmond, Va. or Virginia Polytechnic Institute and State University

 VPI 8 SU! Blacksburg, Va. for depone residue analysis.
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Table 1. Brief description of stations.

DescriptionStation

265

2 3
4

5

6 7
8
9

10
ll
12
13

14
15
16

17
18
19

20
21
22

23
24
25

26
27
28

29
30
31

32
33
34

35
36
37
38
39
40
41
42
43

44
45

Hopewell STP, swampy area between the effluent and Bailey Creek.
Landfill beside Hopewell STP.
The upstream portion of Gravelly Run at the Pebble A8N plant.
Poythriss Creek at confluence of Bailey Bay. River Mile 64.5.
Mouth of Bailey Creek. River Mile 64.
Bailey Bay, in front of Continental Can complex. River Nile 64.
Mid-Bailey Bay. River Mile 63.
Bailey Bay area, west of Jordan Point. River Mile 63.
Mid-channel at Benjamin Harrison Bridge. River Mile 63.
North Shore of James River near Harrison Point. River Mile 63.
Mid-channel, off Continental Can complex. River Mile 64.
Mi d-channel, off City P oint. River Nil e 65.
Spoil area in middle of Bailey Bay. River Mile 64.
Bailey Bay area, 850 yds. N.E, of Station 13. River Mile 64.
Nid-channel at Buzzard Island, mouth of Appomattox River.
Appomattox River at Point of Rocks.
Turkey Island cutoff, in the channel. River Mile 66.
James River at Deepwater Terminal, in channel. River Mile 78.
Middle of Tar Bay. River Mile 61.5.
Tar Bay area, mid-channel at buoys C99 and R100. RN 61.5.
Windmill Point Spoil area. River Mile 57.
James River at buoy C85. River Mile 57.
Windmill Point, north shore. River Nile 57.
James River, channel at Kennon Marsh. River Mile 48.
Mouth of Chickahominy River at buoy R68. River Nile 39.
Mouth of Chickahominy River, north of buoy R68. River Mile 39.
Mouth of Chickahominy, off Barrets Point. River Mile 39.
Mouth of Chickahominy, channel at buoy R6A. River Nile 39.
Chickahominy River, channel at buoy R10.
Chi ckahominy Ri ver below Wal kers Dam.
James River, west side of Hog Island. River Nile 30.
James River, west side of Hog Island. River Mile 30.
James River, west side of Hog Island. River Mile 30.
Deepwater shoals transect. River Nile 25.
Deepwater shoals transect. River Mile 25.
Deepwater shoal s transect. Ri ver Ni 1 e 25.
Deepwater shoals transect. River Nile 25.
Blunt Point transect through J11. River Mile 15.
Blunt Point trnasect through Jl I. River Mile 15.
Blunt Point transect through Jll. River Mile 15.
Blunt Point transect thr ough Jl 1 . River Mi le 15.
Newport News transect, BW Hll to Pig Point, River Nile 6.
Newport News transect, BW Hll to Pig Point. River Mile 6.
Newport News transect, BW Hll to Pig Point. River Nile 6.
Newport News transect, BW Hll to Pig Point. River 'Mile 6.



Table l. Cont.

The second sub-sample was used to characterize the sediment proper-

ties, which included percent moisture and particle size analysis and

Inter-Society Color Council � National Bureau of Standards  ISCC-NBS!

color classification. Each 50 gram sample was air dried and the percent

moisture content was determined. Then each sample was color classified

according to the ISCC-NBS color charts. Following the color classifica-

tion, each sample was sieved either wet or dry through a series of sieves

as described by Folk �974!, and the percentage of gravel, sand and silt-

clay in each sample was determined,
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46
47
4B
49
50

51

52
53
54

55
56
57

58
59
60

61
62
63

64
65

66
67
68

69
70
71
72
73
74

75

North side of Hampton Roads Bridge Tunnel, at river mouth.
South side of Hampton Roads Bridge Tunnel, at river mouth.
Chesapeake Bay, buoy R10, Thimble Shoals channel.
Norfolk Harbor reach, between R12 and R14. Elizabeth River.
Newport News channel at R8. River Nile 3.5.
Newport News shopbuilding and Drydock, at pier 9. River Nile 7.5,
In Bailey Creek, 100 yds. above Station 2.
Gravelly Run at bridge � Continental Can.
Bailey Bay, 400 yards offshore. River Mile 63.
Bailey Bay, mudflat along City Point. River Mile 65.
Nudflat, 175 yards offshore at Shirley. River Nile 66.
Turkey Island Oxbow, opposite Curles Swamp Creek. River Nile 68.
West of Indian Point,, 150 yards offshore. River Mile 62.
South of Charles Lake. River Mile 62.
Nudflat NE of Weyanoke Point due north of buoy 76. River Mile 52.
Mudflat off "The Row". 550 yards east of RN 72. River Mile 44.
Chickahominy Lake above Walkers Dam.
Newport News Middle Ground. River Nile 5.
Hampton Flats, middle area. River Mile 3.
Jones Neck. River Mile 72.
Above Richmond Yacht Basin at Hatcher Island. River Mile 73.
Mouth of Chi ppokes Creek off Chippokes Point. River Nile 44.
At Oancing Point, 300 yds. offshore. River Nile 40 .
Tidal flat along Swarms Point. River Nile 35.
Middle of Cobham Bay, 400 yds. offshore. River Mile 32.
Burwell Bay, 400 yds. NE of buoy NJ16. River Mile 18.
Mouth of Nansemond River. River Mile 7.
West side of Craney Island disposal area. River Mile 5.
Flats at Hampton Roads Bridge Tunnel, at river mouth.
In Willoughby Bay Spit. River Mile .5.



Samples were dried at room temperature for 1-2 weeks. Samples

were then ground with a mortar and pestle to break up clumped agglom-

erates and sieved through a 0 18 US standard sieve to remove gravels

and foreign objects. A 10 gram portion was weighed out for residue

analysis. Sediment samples were soxhlet extracted with a stock solu-

tion of methanol/benzene according to the technical procedures of DCLS

�978!. Prior to gas chromotography ECD or t<C-GC, the extracts were

cleaned by using activated florsil column chromatography, Residue

concentrations were reported in ug/g  ppm! with a detection limit of

0.01, 0.02 ug/g for DCLS and 0.001 ug/g for VPI In SU.

Dredging Study

Five stations were selected to monitor the dredging and disposal

activities  Fig. 2!. Station 1, the control station, was located 4.5 km

upstream of the disposal site, Station 2was downstream of the dredged

area and station 3 was at the downstream side of the disposal site, out-

side of the mixing zone perimeter and silt curtain. The locations of

stations 4 and 5 were chosen to determine the extent of downstream ef-

fects from the dredging and disposal activities. Station 4 was located

at Jordan Pt., 1.7 km downstream of the disposal site and station 5 was

at Coggins Pt., 6.7 km downstream.

Pre-dredged water samples and water quality measurements were taken

at each of the 5 stations, Two water samples were collected at each sta-

tion with a Kemmerer water sampler, one meter below the surface, and

placed in clean 1.9 liter glass jars. Mater quality measurements included

water temperature   C!, dissolved oxygen   mg/1!, pH, conducti vity   umhos/cm!0

and turbidity. Mater temperature and conductivity determinations were made
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Fig. 2.
Location of monitoring stations, dredged area and disposaI site

in James River, Mopewell,Virginia

13,4

APPOIVIA

with a salinity-conductivity-temperature meter  Yellow Springs Instru-

ments, model ¹ 33!. Dissolved oxygen was measured with a DO meter

 Yellow Springs Instruments, model ¹ 57!. The DO meter was calibrated

by the llinkler-azide method. A Hach kit  model ¹ 17-N! was used to meas-

ure pH. Turbidity was measured with a secchi disc and recorded in meters,

Collections were arranged so that stations 2-5 were sampled on an ebb tide

and station 1 was sampled on a flood tide. Yhe above outlined procedures

were followed during the monitoring of dredging and post-dredging.

Prior to the start of the dredging project, clams were collected with

a modified oyster dredge from the Chickahominy River, tributary to the

James River. A total of 3 background Kepone residue samples   10 clams per
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sample! were taken. The re~aining clams were placed in submersible

live boxes suspended one meter below the water surface at the 5 sta-

tions.

Dredging was completed in 12 days. Every 4th day during dredging

and post dredging, clam and water samples were collected. Approximately

5 to 16 clams were removed from each live box andheld, until sacrifice,

in styrofoam containers containing river water collected at the sampling

site.

plater samples remained refrigerated until delivery to DCLS. One of

the two water samples was analyzed by DCLS as a routine, unfiltered sam-

ple. The second sample was filtered through a Nhatman GFC glass fiber

filter �.2 um porosity! and the filtrate analyzed. In some cases the

particulate matter removed by the filter was analyzed for Kepone residue.

Determinations of Kepone in water was performed by extracting the Kepone

from the water using benzene according to the technical procedures of

DCLS �979a!. The extract was then injected into a gas chromatograph equip-

ped with an electron capture detector. Residue concentrations were repor-

ted in ug/1  ppb! with a detection limit of 0.01 or 0.02 ug/1.

Clams were opened at the hinge, drained and shucked. The meat was

blended to form a homogeneous mixture. Three replicate samples for each

station were prepared, frozen and delivered to DCLS for residue analysis,

After thawing, the blended samples were extracted with 354 water/

acetoni tri le on an omnimi xer according to the technical procedures of

DCLS �979b!. The samples were then filtered through filter paper, The

filtrate was transferred to a separatory funnel and extraction was carried

out using 1:1 ethyl ether � petroleum ether. Extracts were concentrated
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by evaporation under vacuum and heat and cleaned by activated florisil

column chromatography. Residue concentrations were reported as ug/g,

wet wei ght wi th a detection limit of 0. 02 ug/g.

RESULTS AND DISCUSSION

Sediment Monitoring

The results of the Kepone analysis of more than 800 samples that

were collected in 1976-1978 have been mapped according to ranges of con-

centrations and are presented in Figs. 3-10. These ranges were defined

by Chigges   1976! as. 1.0-9.99 ug/g, heavy contamination; 0,10-0,99 ug/g,

moderate contamination, 0.02-0.09 ug/g, trace contamination and non-detect-

able levels. The area mapped includes approximately 72 ri ver miles of the

James River from Jones Neck oxbow, above Hopewell, to the Chesapeake Bay.

The James River is divided into four areal reaches in Figs. 3-10 for com-

parativee purposes. These areas are defined as Area 1, Hopewell area

 ri ver mile 66-63!; Area Z, Jordan Pt. to Sturgeon Pt.   river mile 63-48!;

Area 3, Sturgeon Pt. to Jamestown Island  river mile 48-30, turbidity maxi-

mum zone! and Area 4, Jamestown Island to Chesapeake Bay   river mile 30-0!.

When monitoring was initiated in 1976 spatial variations in the Kepone

distribution in bed sediments of the James River estuary were prominent.

Over the period 1976-1978 some temporal variations have been noted. The

navigational capability of locating at the same sampling location each col-

lection is limited and must be taken into consideration when considering

temporal variations.

Above Hopewell, between river mile 78-66, 5 stations were sampled

�8, 56-57 and 65-66!. Kepone residues ranged from non-detectable to
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moderate concentrations in the oxbow areas, whereas sediments in the

shipping channel were uncontaminated. Kepone was probably introduced

into these upriver reaches by aerial dispersion from Hopewell during

the Kepone manufacturing period, 1966-1975, and/or tidal transport

of contaminated sediments deposited in Bailey Bay.

In the Hopewell area, Area 1, l9 stations were sampled. These

stations were located in Bailey Bay and its tidal tributaries. ln Bailey

Creek, stations 1 and 2 at the kopewell wastewater treatment plant, from

which Kepone was discharged during Life Science Products operations in

1974-1975, were heavily contaminated. Other tributaries, Gravelly Pun

 station 53! and an unnamed tributary  station 3!, were contaminated at

moderate to trace levels.

Mi thin Bailey Bay, the bulk of the contamination was distributed in

the top 16.51 cm. Below 16.51 cm Kepone concentrations decreased sharply.

The contamination forms a "Y" shaped pattern with the base originating in

Bailey Creek, and the arms extending along the western and eastern shore-

line of Bailey Bay. Kepone was detected within the range of 1.0-9.99 ug/g

at station 5, mouth of Bailey Creek, stations 8 and 54 along the eastern

shoreline and stations 4 and 6 along the western shoreline. This deposi-

tionn pattern coincides with the path of the channel through which Bailey

Creek water passes and is influenced by tidal currents as reported by

Battelle �978!,

Outside the "Y" distributional pattern, sediments in the middle of

Bailey Bay  station 13! and the north shore  stations 10 and l4! were

trace to moderately contaminated. Sediments in the shipping channel pass-

ing through Bailey Bay were relatively clean  stations 9, ll and 12!, Two

stations �5 and 55! were sampled at the confluence of the Appomattox and
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James Rivers. Kepone was detected at trace concentrations.

Downstream of Hopewell within Area 2, 8 stations were sampled.

Concentrations in this reach ranged from ND to 1.23 ug/g. Station 58,

soft muddy bottom along the south shore at Indian Pt., was moderately

contaminated at all increments sampled. Residues at Tar Bay, station

19, were 1.0 ug/g in the upper 8.89 cm. This was the only station out-

side of Bailey Hay where contamination exceeded 1.0 ug/g. Sediments at

station 20, in the shipping channel, contained trace to moderate concen-

trations of Kepone. Sediments at the Windmill Point transect  stations

21-23! were relatively clean. Sediments at station 60, shoal area at

Weyanoke Pt. were moderately contaminated with Kepone concentrations

increasing with depth.

Within the turbidity maximum zone, Area 3, 12 stations were sampled.

The turbidity maximum zone is created by the mixing of freshwater moving

seaward and saltwater moving up the estuary. Net velocity approaches

zero at this interface. According to Ni chols and Tr otman �977!, the

bulk of the river-borne sediment load in the James River is trapped within

this reach. Pollutants such as Kepone, which have an affinity for partic-

ulate matter, will build up in this reach of the estuary. Among the 12

stations sampled, stations 24, 25 and 32 were in the shipping channel,

stations 26 and 61 were in contiguous shoal areas outside the shipping

channel in waters ~ 3.5 meters in depth, and stations 27-28, 33 and 67-70

were located along shoal areas in water c 2 meters.

Kepone concentrations within this reach ranged from ND to 0.51 ug/g,

and sediments were predominately within the moderate range of contamination

 O.l0-0.99 ug/g!. Moderate contamination was detected in the upper 18.89 cm.

Below 18.89 cm, concentrations decreased to trace levels, except for the
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shipping channel where the contamination was moderate at all increments

sampled. Sediments within this reach were predominately fine grained.

A comparison of the 1976-1978 sampling results reflects a build-up

of Kepone contaminated sediments with time within the Jordan Pt. to James-

town Island reach, which lends proof that the turbidity maximum zone is

trapping contaminated sediments moving seaward. This build up has occured

in the top 8.89 cm of bed sediments a1ong shoal areas, whereas concentra-

tions in the top 8.89 cm of the shipping channel have decreased. The pat-

tern of contamination in the shipping channel may reflect the erosion or

scouring of the Kepone � rich sedi ments from the surface 1ayers by cur-

rents and ship traffic.

Downstream of the turbidity maximum zone, Area 4, Kepone concentra-

tions decreased sharply. Within this reach 23 stations were sampled.

Concentrations ranged from ND to 0.61 ug/g, and sediments were predomi-

nately contaminated at trace levels. Moderate contamination �.10-0.99

ugjg! was detected at the Deepwater Shoals, Blunt Po~nt, Newport News

transects and Burwell Bay. Station 48 was the only location sampled in

the Chesapeake Bay. Sediments at this station were uncontaminated,

'Within Area 4 temporal variations are not as prominent. There ap-

pears to be little variation with time in the Kepone concentrations at

stations comprising the Deepwater Shoals transect   34-36! and the Blunt

Point transect �8-41!. Concentrations at stations 43-45 at the Newport

News transect showed an increase in 1978 over the 1976, 1977 study re-

sults. This increase has mainly been from non-detectable to trace con-

centrations.

There appears to be no build-up af Kepone contaminated sediments

with time at the James River mouth  Hampton Roads area!. Numerous samples
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have been collected in this area as part of the annual monitoring pro-

gram and for Kepone clearance in i ssuance of 401 dredging certi fi cates.

Presently there is no apparent contamination of bed sediments in the

Chesapeake Bay.

The distribution of Kepone in the bed sediments of the James River

estuary is dependent on the distance downstream of the Hopewell area and

such sediment properties as particle size and amount of organic matter

present. The most contaminated sediments are generally fine grained and

rich in organic matter, which are characteristic of Kepone deposition

sites.

Heavy contamination persists with time in Bailey Bay. Downstream

of Hopewell, Kepone deposit~ on sites include Tar Bay, mouth of Chippokes

Creek, James - Chickahominy confluence, Cobham Bay and Burwell Bay. Con-

centrations in the turbidity maximum zone appear to be increasing, but

they do not equal levels detected in the Hopewell area. There are iso-

lated areas, downstream of the turbidity maximum zone, where Kepone con-

tamination is similar to levels detected within the turbidity maximum

zone. Spot contamination in the Hampton Roads area ~ndicates no signifi-

cant deposition of contaminated sediments at the river mouth. There is

no apparent contamination of bed sediments in the Chesapeake Bay.

Dredging Study

The background Kepone residue of the clams collected for the study

averaged 0,30 ug/g. During the study period, Kepone residues in the clams

ranged from 0.10 to 0.46 ug/g. The change in the Kepone residue at each

station with time is shown in Table 2 and illustrated in Fig. 11.
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Fig, 11. CNaparison of Kepone uptake by clams [R. cuneate! at stations 1 through 5 during
12 days of dredging and 8 days of post-dredging. Hean + standard deviation
values are presented.

STATIOat NUAIIRER

a

a o 0 DAYS OF iEXFOSURK
lio DATA

To detect whether differences in Kepone uptake between stations

were significant a one-way analysis of variance was performed. Differ-

ences were significant at the 0.05K level, Duncan's new multiple test

procedure was then used, and the difference was determined to be between

stations 4 and 5. Residues at station 4 averaged higher than the other

stations, whereas residues at station 5 averaged the lowest. The re-

sults indicated no significant difference in uptake between clams located

at the dredging and disposal sites  stations 2 and 3! and those located

at station 1, the control station.

Pre-dredging water column residues ranged from ND  stations 1-3! to

0.04 ug/1  station 4!. During the study, water column residues ranged

from HD to 0.10 ug/1. The change in the water co'lumn residues with time

is presented in Table 3. The results of the unfiltered samples indicate
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total Kepone  dissolved and particulate! residues. The results of the

filtered samples are separated into dissolved  filtrate! and particulate

residues. Due to the large number of non-detectable water samples, the

particulate matter removed by filtration was not analyzed by DCLS after

the 8th day, and only the analysis of the filtrate is reported from that

point on.

To detect whether significant differences existed in the Kepone

water column residues between stations the Kruskal-Wallis one-way anal-

ysis of variance by ranks was performed. This is a nonparametric pro-

cedure and was used because Kepone residues in the water column are not

normally distributed. Differences were not significant at the 0.05'A

level.

Residues at stations 4 and 5, downstream of the dredging and dis-

posal area, averaged higher than those at stations 1-3 throughout the

study. Both stations were located in areas which are influenced by tidal

currents passing through Bailey Hay where bed sediments are heavily con-

taminated with Kepone  >1.0 ug/g!.

The results demonstrated that ambient Kepone water column residues

outside the mixing zone were not increased by the dredging and disposal

activities. This has been predicted and reported by Williams   1918!.

Modeling with the VSHCB James River Water  juality Model, developed by

the Virginia Institute of Marine Science, estimated that increases in

Kepone water column residues as the result of the dredging would not be

detectable at present detection limits �.01, 0.02 ug/1!. According to

the model, the sediment Kepone desorbed to the water column would be

quickly diluted to undetectable concentrations by the large volume of

James River water.
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 ug/1 j .Table 3.

UNFILTERED FILTERED SAMPLE
SAMPLE FILTRATE PARTICULATE NATTERSTATION 0 DAY

8th

12th

20th

bNO - Non detectable; c0.02 ug/1
ND - Non detectable; c0.01 ug/1
NS - No samples collected
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CD

CD
O

UJ 4J
M tY
O. Gh

CD

CD

C!
I

V!
ED
CL

Kepone residues in water column

ND

ND
NO

.04

.03

ND

ND
NO

.02

NO

ND

ND
ND

.02

~ 05

ND

.03

.04

.05

.08

ND
.03
.03
.04
.06

NS

ND
.02
.03
09

ND
ND

ND
ND
ND

ND

ND
NO
ND

ND

ND

ND
ND

ND

.02

ND

ND
ND

.06
,05

ND

.02

.04

.03
F 10

NS

ND
.04
.02
.10

ND
ND
ND
ND
ND

ND
ND
NO
ND
NO

NO
NO
ND
ND

.02



The results of the water quality measurements taken during the

study period are presented in Table 4. The data does not reflect any

adverse changes in water quality as the results of the dredging and

disposal activities.

From the study results, there was no indication of the accelera-

tion of Kepone uptake by the test organism, sangria cuneata, which was

also concluded for the 1976 live box study by the State Water Control

Board.

The 1976 study was conducted in July. The study reported here

was conducted in January. Water temperatures were recorded between

1.5 - 5.7 C, except at station 2 where water temperatures were as high0

as 11.9 C due to an industrial thermal discharge. Such low temperatures

had to affect the metabolism of Bang~a m~eata, which would affect pump-

ing rates and Kepone uptake. Studies are lacking on the effects of water

temperature on the metabolism and feeding rates of Rang~  D. Haven,

personal communication!. Bender, Huggett and Hargis �977! reported that

Kepone residue levels in the oyster, craesost~ea virgixica, decline during

the colder months when the oysters are relatively inactive.

Due to this environmental factor, the change in the residue 'levels

of Ra~&x may not have indicated the increase availability of Kepone as

the result of the dredging and disposal activities. The sediments dredged

from Bailey Bay were contaminated with Kepone at concentrations as high as

3.38 ug/g, whereas the sediments dredged in 1976 for the "test dredging"

at Windmill Pt. were not as contaminated. The highest concentration de-

tected was 0.87 ug/g as reported by the U.S. Amp Corps of Engineers �976!.

The Kepone desorbed to the water column should have been at greater concen-

trations during the Bailey Bay dredging.
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Va 1 ues for physi ca 1 and chemi ca 14 ~Table water quality parameters.

CONDUCTIVITY TURBIDITY
pH  umhos/cm!  meters!

D. 0. MV'Ell TEMP.
STATION 1 DAY  mg/1!   C!

4th

8th

12th

16th

20th

NS�
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CG

F CO
I

UJ 4J
lX CL
Q O

C9

8 ID I
I-

7.8
6.2
8.4
8.6
8.2

8.6

10. 8
9.2
9.3

]0.2

8.2

11.0
10.2
9.6
8.9

10.0
10.1
10.2

9.8
l o. 2

11.2
12.2
11. 8

11.4
11.4

8.8
9.8

10. 2
10. 5

No samples collected

4.8

10.2
5.0
5.0

4.9

3.2

3.7
3.3
3.9
3.8

3.0
3.0
1,6
1.9
1.5

2.8
2.5
2.0
2.0

2.2

4.0
4.2
4.5
4.5
4,0

-NS
11.9

5.7
5.0

5.0

7.3
7.3

7.3
7.3
7.3

7.3
7.0
7.0
7.0

7.0

7.2
7.2
7.3
7.0
7.3

7.2
7.0
7.0
7.0
7.0

7.0

7.0
7.0
7.0
7.0

7.0
7.3
7.4
7.4

100
430

98
115
118

60
70
58
75
69

70
60
68
72

149

64

58
64
75

88

45
40
41
48

87

320
42
40
50

.40

.25

.50

.50

.40

.31

.30

.23

.27

.25

.53

.41

~ 35
.33
.27

.54

.48

.25

.28

.37

.23

.22
~ 16
~ 22
.31

.18

.15

.18

.18



The results of this study substantiate the 1976 study by R. A.

Gregory  unpublished data!. Neither study was able to detect an in-

crease in the Kepone uptake by test organisms during short-term dredging

and disposal operations in the James River estuary.
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EFFECTS OF OPEN-WATER DISPOSAL OF DREDGED MATERIAL ON BQTTGN

TOPOGRAPHY ALONG THE TEXAS GULF COAST

by

1
David Fenwick Bastian

ABSTRACT

Five open-water disposal sites were monitored for a series of years

to determine how ocean bottom topography was influenced by hopper dredging

disposal operations along the coast of Texas. Hydrographic surveys done

by the U.S. Army Engineer District, Galveston of dredged disposal areas

were conducted before and after dredging and were used to determine the

average elevation of each disposal area. The dredged material was mostly

sand, and within a short period of time the dredged area reflected little

evidence of the dredged material except at Natagorda.

The three hopper dredges used and their methods of material placement

are described.

l
Department of the Army, Waterways Experiment Station, Chesapeake Bay
Office, Stevensville, Maryland 21666.
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INTRODUCTION

Interest in the effects on oceanWottom topography of open~ster

dredged material disposal has resulted in extensive research, Of basic

concern is what happens to the dredged material once it is dumped from the

hopper dredges into the open water. Pertinent records are sparse, Because

geometry, hydraulic forces, meteorological conditions, and dredging require-

ments vary according to disposal site and time, any changes in bottom site

topography are highly variable.

This paper addresses site survey data analysis to yield information

on the stability and growth rate of hopper dredge disposal areas along the

Texas coast where, since the 1960's, the U. S. Army Engineer District,

Galveston, has made hydrographic surveys of most of their hopper dredge

disposal areas primarily to ensure sufficient draft for the hopper dredges.

Generally, the surveys were made prior to dredging operations and were in

con]unction with surveys made to determine the condition of navigation

channels. Fathometers were used and readings were corrected for tides.

The disposal areas discussed are at Brazos Island, Port Mansfield, Mata-

gorda, Freeport, and Port Aransas  Figure 1! on the Texas Gulf Coast,

within the Galveston District.

Contours of the five areas mentioned above were made at the Waterways

Experiment Station from survey data furnished by the Galveston District.

The Galveston District usually marked only the shore-side and channel-side

boundaries of the disposal areas, the other two sides had to be selected

to obtain a basis of comparison between surveys. The selection was an ar-

bitrary one, determined by the extent of the hydrographic survey. An

effort was made to establish a comparable disposal area that was as large
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as possible. Occasionally this required extrapolation of contaurs.

Comparisons were made of changes of the average elevation of the dis-

posal area with time. These comparisons are more significant when "before"

and "after" dredge surveys are compared rather than when "after" and

"after" surveys are compared  which is the most common case} because of

the time intervals involved.* One difficulty in working with this method

of comparison was that there were no records of the hopper dredge route as

it dumped the dredged material. Therefore, the possibility exists that

some portion of the material was dumped in an area outside of the bound-

aries shown in this study, due to the limited size of the areas contoured

snd the distance of travel required by the happer dredge to empty its bins.

The survey was made by soundings taken from a boat operating in zigzag

patterns perpendicular to the channel. In the few cases where an addition-

al sounding-survey path was run in a zigzag pattern normal to the previous-

ly mentioned survey pattern the intersecting soundings were found to vary

as much as 2 ft but these additional survey patterns were not used.

DISPOSAL OPERATIONS AND SEDIMENT TRANSPORT

The two hopper dredges operating regularly in the Galveston District

are the YwcKENZIE and the IicFARLAND. On occasion, the LANGFITT has also

been operated in the District, Facts about these dredges pertinent to

* Normally hydrographic surveys were conducted soon after dredging was
completed to ensure adequate channel depth as required by contract.
These surveys are referred to as "after" surveys by the Galveston District.
On occasion, hydrographic surveys were conducted just prior to the initia-
tion of dredging. These surveys are referred to as "before" surveys.
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this report are tahulated below.

Draft
Loaded

ft

Rated Speed
f s Capacity

Loaded Light ~cu dName

17.6 23. 2LANGFITT

HacKKNZIE 2117.6 19 5 1656

NcFARLA%3 20.4 22,2 3140 23

The dredges operate up and down the channel. ~Jhen the bins are full

ox when the dredge has obtained an optimum load, the dredge navigates to

the disposal area, the bottom doors of the hopper bins are opened, and the

dredged material falls from the bins while the speed of dredge as it moves

through the disposal area remains the same  i.e., the material is expelled

from the hopper while the dredge is moving!. Whether or not, or how much

of, the material is dumped while the dredge is over the disposal area is

D=VKT
max d
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The path that a dredge takes while dumping is not recorded, but

records are available from which the average length of the dumping path

can be determined.

These records, entitled "Report of Operations � Hopper Dredges," were

condensed and pertinent data are displayed in Table I along with dumping dis-

tance calculations. The author assumed that the speed of the dredge during

dumping is equal to or less than the average speed of the dredge as it

traveled to and from the dump. Therefore the distance that the dredge would

travel while dumping can be expressed as



where

D maximum distance dredge travels while dumping> miles

V average velocity of dredge to and from dump site, mph

Td average time dumping per load hauled, hr

This calculation for each prospect gives an idea of the size of dis-

posal area needed to correspond to the operation of the hopper dredge.

From Table 1 the average maximum distance the dredge would travel while

dumping is 2.2 miles at Brazos, 1.4 miles at Part Mansfield, 1.9 miles at

Hatagarda, 1.9 miles at Corpus Christi, and 2.2 miles at Freeport. Eowever,

this tells nothing about the path of the dredge.

There are two basic consideratians in attempting to determine the fate

of the dredged material once it is dumped from the dredge, First, when and

where does the material reach the sea bed. Second, once at the bed, how

lang and what percentage of the material reaching the bottom will remain in

place.

Corps of Engineers records for dredging at the study areas in the

Galveston District excluding Freeport show that over 80 percent of all the

material handled by hopper dredges is sand  see Table 2!. Upon release from

the bin, this sand drops in bulk with an imparted horizontal velocity equal

to that af the hopper dredge. Eow far the sand has to fall from the hopper

dredge and through what currents are important factors relating to the

initial lateral transport af the sand.

Due to turbulence and shear stresses, the sand falls in a combination

of three forms: solid bulk, slurry, and particulate. Ae the sand falls,

the bulk material moves fastest with the surrounding slurry moving as a

distinct density current. Eddies are formed and particulate matter is

sheared from the slurry. Particles fall the slowest. The fall velocity V
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of various sizes and shapes of sand particles is well documented. In the

present situation, according to Graf, this is complicated since

If more than a single sphere moves through an un-
bound fluid system, a mutual interaction will be
noticed. Zt has been observed that the settling
velocity increases if only a few closely spaced
parti,cles move, and that the fall velocity is re-
duced  i.e., the drag increased!, if many particles
are dispersed throughout the fluid.

If we assume that the ocean current is zero, the empirically-deter-

mined values far the fall velocity, W, can be used to describe the velocity

of particulate matter. From sieve analysis of samples taken aboard hopper

dredges while dredging, the extreme low value for 20 percent finer by weight,

d , and the extreme high value for the 80 percent finer by weight, d , for
-3 -1all study areas except Freeport are 2 ' 35 x 10 in. and 1.56 x 10 in., re-

20

2.35 x 10 1.56 x 10Particle size, in.

Fall velocity V, fps 0. 008 0.2

751888Time of fall, sec

The larger sand grains would reach the bottom in about 1 min, whereas the

smaller sand would take up to 30 min.

Both the speed of the dredge and the velocity of the ocean currents

impart a horizontal component to the falling sand, which prescribes a non-

vertical path. Still, when turbulence is ignored, and when the vertical

velocity distributions are not know, prediction of the final target is

difficult to pinpoint.

The final problem in predicting when and where the sand will fall is

turbulence. Turbulence counterbalances the settling tendency of the parti-
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expected time for these particles to reach the ocean floor, assuming that the

hopper dredge has a draft of 21 ft and the water depth is 36 ft.



cles, Depending upon the turbulence, the sand can remain suspended and be

transported great distances.

In summary, the material released from the dredge falls in a combina-

tion of three forage: particulate, slurry, and bulk. The larger particles

and that material falling in bulk and slurry can be expected to hit the

bottom within a few minutes.

As the sand hits the sea bed, turbulence and rebound occur, Some of

the material is undoubtedly resuspended. Depending upon the concentration

of the suspensions and Local currents, this suspended material can be trans-

ported away from the disposal area.

The erosion material from a dredged material bank is dependent upon

the type and degree of compaction of the material, bed form, water viscos-

ity, and magnitude of local currents. As the sand size under consideration

 for all sites except Freeport! is greater than 7.48 x IO 3 in., the effects

of special properties of shape, packing, and cohesiveness are negligible

 Sternberg!. Thus, there is no armoring effect  Smith and Hopkins! as is

observed with silts and clays. However, research has been able to show

that in some situations benthos can stabilize the dredged material mound

surface  Reloads and Young!.

By neglecting the stabilizing effect of benthos, the erosion of the

sand can be studied from strictly a fluid velocity .tandpoint. Simply

stated, critical shear velocity is required to move bottom particles.

Sediment motion is of two forms: bed load and suspended load,

To help evaluate what effect knmm currents will have upon the stabil-

ity of the mound of dredged material it is necessary to know the size of

particles, water viscosity, and bottom currents. With this information

various competency curves  f..e. Shields Diagram! exist which can be used
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to determine if the material will be transported and in what form. By

knowing the duration of current equal to or greater than the critical shear

velocity, the amount .of time the material will move can be predicted, But

this tells nothing about the volume of material which would be transported;

this requires the use of equations of motion and continuity for both water

and sand. Unless the bank is large enough to change the local current

patterns, material will be eroded not only from the bank but also from the

surrounding area. If the bank is composed of sands different from those of

the surrounding area, then the bank will be subject to a different rate of

attack. Some of the bank material will move and will be replaced simul-

taneously to some degree.

According to Norris and Wiggert, ordinary wave activity. can move sand

to depths of about 30 ft below the water surface. Since most of the dis-

posal areas under consideration are in greater depths, ordinary wave activ-

ity should have little effect on the disposal area. Studies by Smith and

Hopkins  p. 172! and by Sternberg and NRisnus show that stor~generated

currents have a pronounced effect on sediment movement even in depths

greater than 200 ft. A logical conclusion is that storms in the Gulf of

Mexico generate enough energy to produce pronounced effects of the bottom

topography. The critical erosion velocity measured about 3 ft above the

bed for sand ranging from 2.76 x 10 to 1.57 x 10 in. is about 1.5 fps

with the cessation of movement velocity being even less,

Littoral drift is the major classification of nearshore sediment move-

ment. Disposed dredged material can be part of the littoral drift process,

depending on location. If not directly, then it can be influenced by its

proximity to the jetties and channel which interrupt the littoral process

and result in topographical changes. Brunn and Lackey have concluded that
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up to about 400,000 to 5QQ,QQQ. cu yd a year pass a given point on part of

the Texas shore. SURVEYS OF DISPOSAL AREAS
Fr

Hopper dredges operating at Freeport use the two disposal areas  A
and B! shown in Figure 2. These areas are along both sides of the entrance

channel and reach from sta -20+00 to sta -110WO. They parallel the

channel 500 ft from the channel sides. There is no defined outside border

 away from the channel!. The northern disposal area, A, is used when the
current is from south to north and the southern disposal area, B, is used

when the current is from north to south.

The exterior boundary for both areas A and B was chosen such that the

area of each measures 1,135,00Q sq yd.+ The results of only three surveys

were available; these surveys cover the period 1964-1966.** Between the

first and third surveys, a total of 1,771,889 cu yd of dredged material

was dumped. Despite this dumping, the average elevation of both disposal
areas decreased about 0.5 ft. Table 3 presents the dates of the surveys

and the corresponding disposal area bottom elevations, as well as the dates

of dredging and the corresponding volume of material dumped.

The areas chosen for study are 5,000 ft long and lie parallel to the

channel. From records for 1968-1972  see Table 1!, the average length of

travel required by the hopper dredge to empty its bins was calculated to

~ The study areas had to be shortened to sta -70+000 because of the data
available from the surveys.

**The disposal area contour maps were developed using Galveston District
hopper dredge survey maps. The contouring was done at WES.
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be about 1.1 mi1es, which corresponds well with the modified length of the

disposal area.

The disposal areas do not reflect the amounts of dredged material

being dumped but instead show a tendency for the disposal areas to be

scoured.

Two possible reasons for the lack of buildup are  a! the dredged

material was 80 percent silt according to Galveston District maps and

 b! there was a long time period between dredging and surveys. Once dumped

from the bins, any material that remained particulate would stay in sus-

pension for relatively long periods. This material could easily come to

rest outside the disposal area. The material that reached the disposal

area is erodible, and the rate of erosion is related to the cohesion, com-

paction, and water content of the disposed material. The second reason

for lack of buildup may be attributed to the 6-month to 1-yr lapse of time

between dredging and subsequent surveys, during which time equilibrium of

the bottom topography in the disposal area was probably achieved. However,

neither reason explains the net deepening of the disposal area.

Port Aransas-Cor us Christi

At Port Aransas, hopper dredging is done in the jetty and outer bar

channel. The dredged material is dumped in the designated disposal area

bounded between sta 8 HOO and sta 145M%!O and 800 ft south of the south side

of the outer bar channel  Figure 3!. The width of the disposal area was

chosen to be l500 ft.

Data in Table 3 indicate a definite accretion trend in the area of

study. From 1961 to 1973 the disposal area bottom elevation rose about 5 1t.
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Brazas Island Harbor

Hopper dredges at Brazos Island Harbor utili.ze a dump area north of

the sea bar channel. The District has defined the southern channel and

western shore boundaries of the disposal area. The southern boundary

remained constant at 800 ft from the center line of the channel; the

western boundary was extended seaward from sta -10+200 to sta -134000 in

1966 to sta � 15'� in 1967.

Because the western  shoreside! boundary was moved seaward twice

during the period of s tudy and because of the extent of soundings, two

areas were defined for comparative study. The first area chosen was

designated Brazos I  Figure 4!. This area is 5,000 ft long starting at

sta -10+200, and is 2,000 ft wide. Table 3 presents the dates of surveys

and the corresponding disposal area bottom elevations and the dates af

dredging and the corresponding volume of material dumped. This area

remained relatively stable during the period af study and showed no posi-

tive trend toward buildup of the disposal area.

The second area chosen, designated Brazos II  Figure 5!, covers the

period of dredging from 1968 to 1970. Brazos II disposal area starts at

sta -15WOO and extends 3,200 ft seaward and is 2,000 ft wide. Average

hopper dredge dumping distances for the period 1969-1972 were calculated

and found to be 1. 2 miles, which is about twice the length af the chosen

study area. Table 3 presents the dates of the survey snd the corresponding

disposal area bottom elevations and the dates of dredging and. the corres-

ponding volume of material dumped. The fathometer survey of 5 June 1968

yielded an average bottom elevation af -54.7 ft from 14-30 June; 228,103

cu yd of dredged material were dumped, but the 2 July fathometer survey
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shows an average bottom elevation of -55a4 ft. If the results of these

surveys are correct, there was a net scour of 166,000 cu yd during this

18-day period. Subsequent surveys sheer a buildup trend.

~liana onda Shl Channel

The hopper dredge operating at Natagorda utilizes a disposal area

south of the entrance channel. This area is bounded on three sides,

1,000 ft south of the south side of the channel and by sta -11+000 and

sta -17+000. Since 1963, the disposal area shoreside limit has moved

seaward from sta -8+000 because of shoaling off the ends of the Jetties.

During the 1960's~ the project area was going through a period of adJust-

ment because of the cut made through the Natagorda Peninsula for the Nata-

gorda Ship Channel. whether or not it has stabilized is not known. The

comparative study area is 6,000 ft by 1,000 ft as shown in Pigure 6.

This agrees with the average computed required dumping distance of 1.2

miles.

The study area has had a buildup of about 7 ft between 1963 and 1971

as shown in Table 3.  Unexplainable is the survey of Narch 1968 immediately

after disposal, which shows a net scour; a survey three months later, during

which time there was no dredging, shows an accretion.!

Port Nansfield

At Port Nansfield the hopper dredge used two disposal areas until

1967, after which a single disposal area was used. As defined by the

District, these areas are on either side of the entrance channel, 825 ft

from its center line; they start at sta 3+200 and there is no seaward limit.

Only five surveys were available. Of these, only two show the south dis-
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posal area. For purpos».s of the study a common area of comparison was

defined in the north disposal area shown in Figure 7. This area is 2,000

by 1,500 ft. The average required dumping distance calculated from avail-

able records shown in Table 1 indicates that the chosen study area is too

small. However, because of the limited extent of some of the surveys, the

small size of area was necessary for comparison. The study area remained

stable over the period of record from 1965 to 1970 with an average bottom

elevation of -30 ft,

SENARY

Three of the six navigation project hopper dredge disposal areas

studied showed accretion, two were stable, and one showed a slight scour

tendency. The hatagorda area showed the greatest change with about a

7-ft bottom elevation rise during a 9-yr period. The rise is attributed

not only to dredge disposal but to adjustment of the area to the cut

through Itatagorda Peninsula. Because the studies focused only on the

disposal areas nothing can be said about the surrounding areas. In all

probability the surrounding areas experienced the same net change in

bottom elevation. It appears that net changes in the bottom elevations

are strongly related to the dynamics of the area involved. In addition,

disposal areas are not physically marked resulting in a low probability

of coinciding repetitive dumping paths of the hopper dredges. Because

the dredging process takes such a long time, hydrodynamic forces tend to

smooth out each individual disposal. In terms of significance, dumping

has had little effect on bottom topography for the sites surveyed, There

does not appear to be definitive disposal banks of dredged material.
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Table 2

Grain-Size Distribution of Dred ed Material

Grain Size, qm
d20 '80

Port Aransas-Co us Christi

12 May-4 Jun, 16 Jun-3 Jul 69
8-15 Jun, 30 Jun-19 Jul 70
8-21 Feb 71

17 May-25 Jul 71
1-22 Jul 72

24 Jul-24 Sep 72

Brazos Island Harbor

0.17

0.17

0. 158

0. 17

0.388

0. 09

0.067

0. 085

0.088

0.09

6-17 Aug 68
4-31 Jul 69
27 Jul-30 Aug 70
9 Aug-19 Sep 71
26 Jun-17 Jul 72

Mata orda Shi Channel

Port Mansfield

0.22

0.224

0.226

0.06

0.065

0.063

5-15 Jun 69
16-29 Jun � 20-26 Jul 70
15 May-22 Jul 72
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7 Oct" 11 Nov 68
14 Apr-ll May 69
1-30 Dec 69
18 May-7 Jun 70
30 Nov-27 Dec 70
22 Feb-7 Mar 71
19 Apr-16 May 71
14 May 71
29 Oct-28 Nov 71
15 Nov-10 Dec 72

10 Feb-13 Apr 69
29 Jul-6 Oct 69
3 Oct-30 Nov 69
20 Apr-17 May 70
ll Oct-29 Nov 70
25 Jul-8 Aug 71
20 Mar-16 Apr 72

0. 007

0.001

0.001

0.001

0. 001

0. 001

0. 001

0. 001

0. 001

0. 001

0. 08

0. 08

0. 048
0. 11

0. 09

0. 09

0. 085

0. 09

0. 081

0. 11

0 ~ 085

0.078

0.081

0. 05

0. 08

0.07

0. 067

0. 08

0.026

0.072

0 ' 64

0. 061

0.058

0. 17

0. 17

0. 18

0. 18

0. 17

0. 15

0. 17

0.2

0.27

0. 37

0. 171

0. 163

0. 171



Table 3

Surve and Dred in Data

Area
A

Area

B

-29. 31

-29.66

-30. 22

-30. 24

7 Jan l964

Oct 1965

806, 689

965,200

Jul 1966

Port Aransas-Co us Christi

-36.55

-39.07
14 Aug 1961
26 Sep 1961
18 Dec 1962

266,041
51,906

398,478
-34. 33

Jun-Aug 1966
Aug-Dec 1967
Apr-Jun 1968

498,279
3.,264,972

489, 132
-33. 94

-33. 07
898,568May-Jul 1969

Jun-Jul 1970
Feb 1971

570, 010
157,500

-32.58Apr 1971

Jun 1972

Feb 1973

571,147May- Jun 1971
-32.60

-31.96

Brazos I

-46. 72

-47. 76

-47.08

-47.69

-47.98

-46. 86

337,870Oct-Nov 1967
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17-20 May 1966

10-21 Apr 1969

11-25 May 1970

Apr 1964
Jan 1965

5 Mar 1965

ll Mar 1966

10 May 1961
30 Sep 1967

Date of Dred in

5 Oct-15 Nov 1964

24 Oct-19 Nov 1965

Dec 1964-Jan 1965
Dec 1965

Feb 1966

Feb 1965

Apr-Jun 1965

Apr-May 1966

Volume of

Dredged Material
cu d

112,089

309, 338

247,903

Average Elevation
of Disposal Area

ft mlt

-30.68 -30.07



Date of Surve Date of Dred in

Brazos II

-54.72

-55.40

5 Jun 1968

2 Jul 1968

Jun 1970

Feb 1971

14-30 Jun 1968

Jul 1969

Jul-Aug 1970

228, 103

217,940

341,593
-52. 64

-52.58

 ms 1!

33 ~ 2
-35. 9

-33. 3

-32. 9

7 Mar 1963

8 Jul 1963

12 Oct 1963

ll Jun 1965

1,712,285Aug-Oct 1965
Nov-Dec 1965

Feb 1966

-33. 0

-30. 8
536,212Mar-Apr 1966

-30. 1

381,500

537, 100

448, 364

661,000

Mar-Apr 1967

Jul-Aug 1967

Oct 1967

Jan-Mar 1968

-31. 0

-29. 2

-29.5

-29.8

-28. 83

683,664
711,000

Jul-Oct 1968

Feb-Apr 1969
-29.0Jul 1969

12 Mar 1970

24 Aug 1970

Feb 1973

1,003,000

492,087

906,785

Oct-Nov 1969

Apr-May 1970

Oct � Nov 1970

-27. 8

-26 ~ 5

-26. 82

308

16 Feb 1966

28 May 1966

13 Feb 1967

27 Jan 1967

1 Oct 1967

23 JU91 1968

26 Mar 1968

30 JL11 1968

Table 3  Continued!

Volume of

Dredged Material
cu d

Jul, Sep-Oct, Dec 1966 728,300

Average Elevation
of Disposal Area

ft mlt



Table 3  Concluded!

Date of Dred in

Port Mansfield

-29. 8

-30. 6

309

20 Oct 1965

22 Aug 1966

Apr 1969

Nay 1970

Jul 1968

Jun 1969

Volume of

Dredged Naterial
cu d

261,461

161, 110

Average Elevation
of Disposal Area

ft mlt

-30. 4

-31. 4
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Figure 1. Hopper dredge disposal areas
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DISPOSAL AREA A

CEN7ER LINE GF CHANNEL

0 500 I000 I 500 F T

SCALE

Figure 2. Contoured disposal areas at Freeport
Harbor, Jan 1964

312



00+901 VJ.S

Z
~ I

V 4.
0 Z

C Z Lu
V

00+OB VLS

3l3



000+ST VJ-S

314



SS M M

UJ
Z I

Z Z
4.
0
Iu
Z
~ I

I~ Z
4J
Lj

000+9 1 VLS

315



QOQ+L I VJ-S IU
0Vl I-

~o
Z IUI � I
IU <
I- X

om
OIU
Z IU

K
ILI

Vl

z I-
ez
<0
OO

LU
I-
0 Z

316



317



PHYSICAL AND CHEMICAL CHARACTERIZATION OF DREDGED MATERIAL

INFLUENTS AND EFFLUENTS IN CONFINED LAND DISPOSAL AREA

by

Ronald E. Hoeppel
1

ABSTRACT

Nine dredged material land containment areas, located at upland,

lowland, and island sites, were moni,tored during hydraulic dredging

operations in fresh-and brackish-water riverine, lake and estuarine

environments. Influent-effluent sampling at the diked disposal areas

showed that, with proper retention of suspended solids, most chemical

constituents could be removed to near or below background water levels.

Most heavy metals, oil and grease, chlorinated pesticides, and

PCB's were almost totally associated wi,th solids in both the influent

and effluent samples. The parameters which appear to have the greatest

potential impact as a result of land disposal of dredged material are

ammonium, soluble manganese, total mercury, and dissolved oxygen. How-

ever, none of these should present serious problems after dilution of

the effluent discharge in the receiving waters. Actively growing vege-

tation in disposal areas appeared to be efficient in removing ammonium

to low levels and also for filtering out suspended solids. Dissolved

oxygen ranged from 0.6 to 12.5 ppm. The lowest dissolved oxygen values

were observed when suspended solids and/or nutrients were high in the

effluents.

Geochemical phase partitioning of influent and effluent solids in-

dicated that carbonate solids of several heavy metals tended to form

during land disposal, along with noticeable increases in metal fixation

with iron and manganese precipitates. Metal adsorption onto suspended

1
U. S. Army Engineer Waterways Experiment Station, Environmental Lab-
oratory, Vicksburg, Miss isa ippi 39180
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particles  exchangeable phase! also increased slightly, along with a small

increase in action exchange capability of effluent solids.

INTRODUCTION

Recent legislation has given the Corps of Engineers greater regulatory

jurisdiction over lands ad]acent to navigable waterways, including wetlands

and drainage systems from upland areas. Since upland areas along navigable

waterways are becoming scarce, there is also increasing economic pressure

to create new upland areas by disposing dredged material on wetlands and

marshlands. Additionally, there is increasing emphasis on the land

containment of highly contaminated. or toxic dredged material, instigated by

growing concern about the pollution potential of open-water or near-shore

disposal operations. Irrespective of any potential environmental impact

created. by the disposal of dredged material in aquatic systems, one must keep

in mind that land disposal produces effluent and leachate discharges, which

can irreversibly impact sensitive wetland or upland habitats.

There have been only limited studies concerning the pollution poten-

tial and physicochemical changes which are induced by the disposal of

dredged material in land containment areas. Some research has suggested

that the mobility or availability of many harmful chemical constituents in
19,20dredged material can be accentuated by changing environmental conditions.

The placement of reduced subaqueous sediments on aerobic upland soils

certainly should not create stable environmental conditions. However,
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1,2, 13,17other studies ' ' ' have failed to demonstrate significant releases of

contaminants in disposal area effluent discharges, with the noted exceptions

2,7,19,20 2,17,19of ammonia ' ' ' and orthophosphate ' ' . Due to the paucity of infor-

mation available and conflicting findings, a comprehensive field study

concerning the impact of land disposal was warranted.*

SITE SELECTION

Nine different confined land disposal areas were monitored in different

geographic settings, including three freshwater and six brackish water

dredging locations. Descriptions of each site are given in Table 1. These

sites were chosen on the basis of dredge site sediment and water variability,

including suspected high concentrations of contaminants such as oil snd grease,

chlorinated pesticides, PCB's, nutrients, and heavy metals. Investigated

dredged material characteristics that could greatly influence the mobility of

contaminants include the sediment texture, oxidation-reduction status  Eh!,

pH, sulfide and organic matter contents, water salinity and alkalinity, and

solids to water ratio of the dredged slurries. Disposal area characteristics

were also considered, including the geographic location, effective size,

potential slurry residence time, degree of ponding, extent of vegetation

cover, and past history of each site.

TEST PROGRAM

The relationship between slurry residence time and effluent quality was

evaluated by considering all of the sites but in particular the comparisons

between cross-dike and final effluent samples collected concurrently at

* This paper summarizes data and findings presented in Technical
Report D-78-24  June 1978!, U. S. Army Engineer Waterways Experiment
Station, Environmental Laboratory, Vicksburg, Mississippi 39180.
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the Sayreville, N. J., and Seattle, Wash., disposal areas. The effect

of increased residence time on ammonium and phosphate release, in

conjunction with pH changes, was evaluated by continuous monitoring of

effluents from the Vicksburg, Mise., disposal area during and after

completion of the disposal operations. The heavily vegetated containment

area at Southport, N. C., was monitored primarily to assess what influence

actively growing vegetation might have on effluent qmality; the influence

of dormant winter vegetation in disposal areas on contaminant release was

evaluated by monitoring the heavily vegetated Wilmington, N. C., site.

Salinity effects were evaluated by comparing trends at all of the disposal

areas because of the wide range of salinities encountered. However, other

physicochemical variables, such as those prevalent in freshwater versus

marine environments  e.g., variance in sulfide levels! were always considered

in context with the salinity comparisons.

The mobility and toxicity of trace metal contaminants are regulated

by the chemical compounds with which they become associated. Although the

number of discrete compounds is immense, the association of a contaminant

with a general group of chemical complexes can be determined by subjecting

the sediment to different specific chemical extractions or treatments.

These will be referred to as "geochemical phase partitioning." The

association of metals with "geochemical phases" such as soluble, exchangeable,

acetic acid extractable  carbonate!, and manganese and amorphous iron oxide

 easily reducible! sediment components was determined for influent and

effluent solid phase samples from Wilmington, N. C., Richmond, Va., Lake

Charles, La., and Seattle, Wash.; the hydrogen peroxide-oxidisable  organic-

sulfide! component was also determined in the Seattle samples. The metals,
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which are mainly bound in very stable crystalline matrices, were included

in the analysis of final total acid digests  residual phase! of samples

from the four sites.

FIELD AND LABORATORY METHODS

Nore than 50 different physical and chemical parameters were deter-

mined in total samples, 0.45-um filtrates, and greater than 0.45-pm

suspended solids of disposal area influents and effluents, and surface

background water samples. Influents were generally collected beneath the

end of the dredge discharge pipe in the turbulent mixing pool; effluents

were obtained either at the outfall pipe beneath the sluice or from the

back side of a weir structure; surface background water samples were collected

from the water body receiving the effluent discharge. Compositing of at least

three subsamples was performed in most cases to obtain more representative

samples. Three to four daily samples were collected from the monitoring

stations at each site either consecutively or during separate trips; six

samples were obtained at the Southport disposal area but in the vegetation

interaction study these were divided into an initial and final set for

comparative purposes.

Collapsible 4k polyethylene containers were employed for collection

of samples used for heavy metal, nutrient, and oil and grease analyses,

after being prewashed with 0.1 M hydrochloric acid and rinsed twice with

deionized-distilled water. Usually, four of these containers were used;

50 ml of chloroform was added to one container as a preservative for

nutrients. Samples for chlorinated hydrocarbon analyses  pesticides,

PCB's! were collected in 2i glass widemouth jars. The containers were

prewashed with hexane, rinsed twice with deionized-distilled water, and

0
combusted at 350 C for 30 minutes in a muffle furnace. All containers
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were completely filled with sample to exclude air, and the polyethylene

containers were collapsed as aliquots were removed,

All samples were packed in ice immediately after collection and

shipped by air freight to an analytical laboratory. Samples from sites 1-

3  see Table 1! were sent to the Environmental Engineering Laboratory at

the University of Southern California in Los Angeles, while the samples

from sites 4-6, 8, and 9 were shipped to the Environmental Laboratory at

WES. Sample collection and preparation for site 7 were performed by the

personnel of the Environmental Protection Agency  EPA! Region X Laboratory

in Seattle, Wash. Samples were stored in environmental chambers maintained

at4C.

Salinity, conductivity, dissolved oxygen  DO!, slurry pH, and water

temperature were measured in the field concurrently with influent, effluent,

and background water subsampling. Disposal area sediment pH and oxidation-

reduction potential  Eh! were obtained in fresh sediments in the disposal

areas; depending on site conditions, 6 to 40 measurements were made at

each site.

Upon arrival at the analytical laboratory, the field-collected

samples were processed as soon as possible to separate the solid from the

liquid phase and to prepare each phase for different chemical analysis.

Sample phase separation  centrifugation and filtration!, total and filter-

able sulfides, and geochemical phase partitioning extractions were per-

formed in a glove bag that was purged continuously with nitrogen gas to

preserve the anaerobic integrity of the samples. The sequential prepara-

tion scheme for influent samples is shown in Figure 1, while the

slightly different scheme used for effluent and background water samples

is shown in Figure 2. The modified preparatory procedures were necessary
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because of the often extreme variations in solids content between respec-

tive influent, effluent, and background water samples. Generally, if an

influent sample was low in suspended solids, the total sample was sub-

]ected to total acid digestions for metals, phosphorus, and total Kgeldahl

nitrogen  TKN!

The parameters analyzed in the less than 0.45-pm  soluble phase!

fractions of samples are listed in Figures 1 and 2. The soluble phase

separations for chlorinated pesticide, PC8$ and oil and grease determina-

tions involved only high-speed centrifugation in stainless steel centrifuge

tubes to approximate 0.45-ym filtration. The remaining parameters, listed

in Figures 1 and 2 as filtrates, were determined in liquid which was both

centrifuged  in polycarbonate centrifuge tubes! and then filtered through

0.45-pm nitrocellulose membrane filters. The filters were previously washed

twice with 1 M hydrochloric acid and deionized-distilled water to ensure the

removal of acid-leachable chemical constituents present on or in the filters.

Meticulous cleaning of all labware was routinely practiced, following pre-

6,7cautions described elsewhere ' . All centrifugation and filtration steps

were performed in a nitrogen gas atmosphere.

Following the separation of the solid and soluble phases, different
10511aliquots were preserved according to standard procedures ' . The solid

phase material was placed in small plastic specimen cups under a nitrogen

gas atmosphere and tightly sealed, Soluble phase samples were placed in

tightly capped polyethylene bottles. All of the prepared samples were

0stored at 4 C until further processing and analysis. Detailed descriptions

of the analytical methods and instrumentation used in the study are cited

5,12,15elsewhere ' ' . Most parameters were measured according to Standard

3,4 ll
Methods ' or procedures recommended by the EPA
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TOTAL ACID DIGEST FOR TOTAL -P,
Ca, Mg, K, Na, Fe, Mn, Zn, Cd, Cu,
NI, Pb, Hg, Cr, V, Ti, As"
70'C TEMPERATURE ACID DIGEST
FOR MERCURY  SITES 3, 7!
CHLORINATED PESTICIDES, PCB'5
OIL AND GREA5E  SITES 1, 2, 3!
TOT A L K J E L DA HL NI TRQGEN 0'
 ORGANIC -N, AMMONIUM -N!
NONFILTERABLE SOLIDS
SETTLEABLE SOLIDS

SHAKE ON M
SHAKER �0

POUR INTO POLYCAR
CENTRIFUGE TUBES

 UNDER N2!

GLASS TUBES
FOR 30 MIN.

OIL AND GREASE  SITES 8, 9!

CENTRIFUGE AT 11,000 RPM
FOR 40 MIN  TO APPROXIMATE
0.45-pe FILTRATION! AT
AMBIENT FIELD TEMPERATURES

TOTAL ACID DIGEST FOR TOTAL.P,
Ca, Mg, K, Na, Fe, Mrr, Zrr, Cd, Crr,
ki, Pb, Hg,  SITES 4, 5, b, 7, 8, 9!
CHLORINATED PESTICIDE5, PCB's  SITE 7!
OIL AND GREASE  SITE 7!
TOTAL ORGANIC CARBON
TOTAL KJELOAHL NITROGEN
 ORGANIC'!l, AMMONIUM -N!
TOTAL SULFIDES
CATION EXCHANGE CAPACITY AND
EXCHANGEABLE AMMONIUM -N
PARTICLE SIZE DISTRIBUTION I
TOTAL SOLIDS
VOLATILE SOLIDS  SITE 7!
CHEMICAL OXYGEN DEMAND  SITE 7!
ELEMENTAL PARTITIONING OF METALS

CHLORINATED PESTICIDES, PCB'5
OIL AND GREASE  SITE 7!

SOLUBLE METALS  Ca, Mg, K, Na, Fe, Mrr,
Zrr, Cd, CU, Ni, Pb, Hg, Cr, V, TI, As!
SOLUBLE OIL AND GREASE
SOLUBLE TOTAL CARBON  SITE 3!
SOLUBLE ORGANIC CARBON
SOLUBLE KJELDAHL NITROGEN
 ORGANIC -N, AMMONIUM -N!
AMMONIUM-N
NITRATE i NITRITE -N
SOLUBLE TOTAL -P
ORTHOPHOSPHATE -P
TOTAL SULFIDE  SITES 2, 7!
SULFATE  SITES 3, 7!
CHLORIDE
ALKALINITY

FILTER SU
THROUGH 0
MEMBRANE

 UND

Figure l. Influent sample preparation
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SIZE ANALYSIS
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O.i5 ! ra FILTRATION! AT
AMBIENT FIELD TEMPERATURE ~

PCB'5  SITE 7!
CATION EXCHANGE CAPACITY AND
EXCHANGEABLE AMMONIUM A
PARTICLE SIZE DISTRIBUTION
TOTAL SOLIDS
ELEMENTAL PARTITIONING
OF METALS

CHLORINATED PEST IC IDES, PCB'5
OIL AND GREASE  SITE 7!

SOLUBLE METALS Ca, ML K, Na, Fe, Mn,
Zn, Cd, Ca, Ni, Pb, HIL Cr, V, Ti, As!
SOLUBLE OIL AND GREASE
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NITRATE+ NITRITE -N
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TOTAL SULF IDE � TES 2, 7!
SULFATE  SITE5 2, 3, 7!
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THROUGH 0
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 UNDER

SITE 7: 12,500 RPM FOR 20 lllNUTES AT I'C; ALL CENTRIFUGATIONS
WERE MADE IN A 5ORVALL GSA ROTOR,

Figure 2. Effluent and background water sample preparation
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Quality control within and between laboratories consisted of multiple

digestions and analyses, standard addition, and interlaboratory correla-

tion of select samples. About half of the samples were subjected to these

control measures.

Geochemical Phase Partitionin Anal sis

The geochemical phase partitioning analyses were performed for

influent and effluent slurry solids from sites 4-7, according to the

methods outlined by Chen et al . They include sequential extractions with7

chemicals which selectively remove metal contaminants associated with

certain major geochemical complexes or phases. A detailed description of

12
the procedures is cited elsewhere, but a generalized pairing of the

extracted phases with the extractants, in sequential order, is as fol1ows:

a. Exchangeable phase: 1.0 M ammonium acetate.

b. Acetic acid extractable  carbonate! phase: 1.0 M acetic
acid.

c. Easily reducible  manganese-amorphous iron oxide! phase:
0.1 M hydroxylamine hydrochloride in 0.01 M nitric acid.

d. Organic and sulfide phase: 30K acidified hydrogen peroxide.

e. Remaining  Residual! metals: total hot acid digest.

Kxtractions were conducted by shaking the extractant with wet solids for

3G minutes on a mechanical shaker, followed by centrifugation and 0.45-pm

membrane filtration under nitrogen gas.

RESULTS

The monitoring of nine different land containment areas during dredged

material disposal operations was intended to aid in an assessment of the

environmental impact of this mode of disposal. The general site descrip-

tions are given in Table 1. The values for many physicochemical parameters
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measured in waters and sediments at each site are listed in Table 2. Many

af these parameters govern the mobility of contaminants in sediment-water

systems as well as being contaminants in their own right. Data on each

measured parameter, including the total number of samples, ranges, means,

standard deviations, and analysis of variance F values for surface back-

ground water, influent, and effluent, are presented in Table 3. The F

values shaw whether variations between data sets are significantly

different from variations within each tripartite set. The nature of the

variances can be roughly assessed by consulting the means, ranges, and

standard deviations given for each sample source. However, wherever

variations between two means within a data set appeared to be significant,

a Student's t-test was used ta determine their significance.

Generally, 77 to 98 percent by weight af disposal area influents

consisted of sediment pore and bottom water from the dredged channel  Table 2!,

and at least 80 percent of this total water should be bottom water.

Site salinities ranged from fresh to over 20 0/00, particle size distributions

from 5 to 65X sand and ll to 65X clay-sized particles, and cation exchange

capacity from 10 ta 80 meq/100g of dry weight dredged sediment. Although

DO was usually near zero when measured directly at the influent discharge

pipe, it averaged 3.8 ppm when monitored in the mixing pool beneath the pipe

discharge  Table 3!.

In order to determine dredged material contaminant mobility and fate in

land disposal areas, contaminant levels in influent and effluent samples

should be compared. Comparisons should also be made between effluents and

background water to roughly assess the potential impact of the effluents on

water quality near the discharge site. The information in Table 3 presents a

general idea of the changes in cantaminant levels which were encountered

during influent, effluent, and background water monitoring.
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Influent-Effluent Com arisons

Comparisons between total influent and effluent digests showed

prominent net decreases for all nutrients, oil and grease, PCS's, DDT,

DDD, and most major elements and trace metals during land containment as

shown in Figures 3 and 4. However, site variability was great for most

contaminant levels in effluents, as shown in Figure 5. Despite the often

very great variance in the solids content of the influent samples, most

total contaminants showed highly significant differences between influent,

effluent, and background water concentrations  Table 3! . The statistical

nonsignificance shown for solid phase sulfide, DDT, DDD, and possibly total

mercury is due mainly to influent solids variability, which in reality has

a minimal impact on the effluents because of attenuation of the rapidly

fluctuating influents. Sodium, mercury, and DDE were the only parameters

which did not seem to be greatly reduced in the total effluents. For most

elements, the percent decrease in total concentration was very close to the

respective decrease in suspended  nonfilterable! solids during containment,

which averaged 97.2X for all sites  Figure 3!. However, some variances in

elemental versus solids removal efficiency seemed to be greater than

analytical error. Despite overall significant decreases in total samples,

organic nitrogen, phosphorus, potassium, sodium, manganese, zinc, and

mercury showed major increases in the effluent solid phase  Table 3!. These

contaminants were probably mainly associated with very small or low density

 e.g., organic! particles. Other studies have shown similar relationships
15 10

in dredged material from land containment areas , marine sediments , and

8
in ocean discharges of wastewater effluents
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Figure 3. Percent increase or decrease of physical and
chemical parameters in total and soluble phase effluent

dredged material based on influent-effluent samples
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The only measured parameters which exhibited removal efficiencies of

less than 90X in total sample preparations include: titanium  89X!;

manganese  88X!; settleable solids  85Z!; potassium �8X!; magnesium

�4X!; ammonium nitrogen �7X!; mercury �6X!; op DDE �6X!; and pp DDE

�1X!. The chlorinated pesticide analogs of DDE were at similar

concentrations in both the effluent and background water samples.

Nitrate-nitrite nitrogen was the only chemical parameter which showed

a significant increase during land containment of dredged material

 Figure 3!. The concentration increased almost twofold, from 0.18 to

0.35 mg/g,. However, this increase should not create serious impact since

the discharge concentration was generally below the surface background

water average of 0.46 mg/t  Table 3! and well below accepted water quality

standards . The greater than threefold increase in soluble chromium9

indicated by Table 3 is the result of high levels of chromium in effluents

from the Seattle, Wash., disposal area; chromium was not measured in the

influent samples from Seattle. Excluding the Seattle data, chromium showed

only a very small increase, as shown in Figure 3. High concentrations of

soluble ammonium nitrogen and manganese occurred in some influent and

effluent filtrates. Soluble ammonium nitrogen in the influents averaged

20.8 mg/g, with an upper range of over 70 mg/R; effluent samples averaged

13.6 mg/g,, with maximum concentrations also around 10 mg/g. Soluble

manganese showed a comparable decrease during residence in the land

containment areas; the influent and effluent means were 2.35 and 1.45 mg/t,

while maximum values were 14.4 and 8.0 mg/k, respectively. Some total

alkalinity values  as calcium carbonate! were also very high, giving

average influent and effluent values of 412 and 287 mg/R in comparison to

a background water average concentration of 88 mg/R  Figure 3 and Tables 2

and 3!. Dissolved oxygen in effluents, based on multiple surface water
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measurements made inside of the disposal areas adjacent to the discharge

weirs, fluctuated greatly. Ranges were from 0.6 to l2.5 mg/i, with an

average of 5.3 mg/i. Thus low effluent DO can occasionally be a problem.

Average soluble phase concentrations of zinc and copper were slightly

higher in effluents. However, as indicated in Figure 4, their increased

mobility was site-specific and their levels  Figure 5! were below the

present drinking water standard and criteria for aquatic life
9

Geochemical Partitionin of Influent and Effluent Solids

The potential mobility or toxicity of an element is highly dependent,

on the geochemical phases with which it is associated in the solids

fraction. The exchangeable iona are considered to be readily available to

aquatic organisms as they are mainly weakly adsorbed on the surfaces of

fine solids. The carbonate phase may also be readily affected by changes

in the environment, especially as a result of interaction with or uptake

by the biota. Also the carbonates of a given metal are generally more

soluble than many other solid phase chemical precipitates, and thus a

major shift of a metal to a carbonate complex may result in a similar

increase in its soluble phase concentration. The easily reducible phase

variations reflect the oxidized or reduced status of a containment area

during disposal operations, An increase in this phase would suggest an

overall increase in the oxidation of the dredged material slurry, and vice

versa. If reducing conditions occur, increased mobility of iona from the

easily reducible phase  iron-manganese oxide precipitates! is favored,

thus presenting a potential water quality problem. In retrospect, greater

mobility may occur from sulfide complexes  organic-sulfide phase! under

oxidizing conditions since most metal sulfides are much less soluble than

their more oxidized substituents. Thus with changing environmental
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conditions many contaminants change their mobility and form, and likewise

18
their bioavailability.

Figure 6 gives the amounts and percentages of each of 14 nutrient and

trace metals that were solubilized during sequential chemical extractions

of five influent and effluent solids. Some meta1s exhibited noticeable

phase changes during migration of suspended solids in the dredged slurry

across land containment areas, while other metals showed little change.

About a third of the solids-bound calcium and sodium were removed from

the influent solids during extraction of the exchangeable phase, with

measurable increases in exchangeable calcium, sodium, copper, and arsenic

noted in effluent solids. Exchangeable phase manganese, magnesium, and

cadmium were similarly high  ~ 10 percent! in both influent and effluent

solids. Host meta1s showed increases in carbonate phase concentrations as

a result of confined disposal. Influent solids generally showed high

carbonate phase values for cadmium and manganese, while zinc, cadmium,

manganese, lead, copper, and sodium showed major increases in effluent

solids. Carbonate phase cadmium, zinc, and manganese composed 57, 33, and

20 percent of the effluent solids, respectively. Iron, manganese, cadmium,

and copper increased in the easily reducible phase of the effluent solids,

although only manganese showed a major increase. Upon total digestion of

the remaining influent and effluent solids, most metals  except for iron,

nickel, and chromium! showed noticeable decreases in the effluent digests.

A limited amount of data on the organic-sulfide phase  Seattle site!

suggests that the concentration decreases were mainly associated with

reductions in solid phase organic and/or sulfide complexes during disposal

area detention under oxidizing conditions.
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Metals showing major geochemical phase changes included manganese

 easily reducible phase!, cadmium  carbonate and easily reducible phases!,

zinc  carbonate phase!, lead  carbonate phase!, copper  carbonate phase!,

sodium  exchangeable phase!, and calcium  exchangeable phase!. Metals

showing little change in phase during the solids detention times included

chromium, nickel, mercury, potassium, and magnesium. Iron could not be

properly evaluated because of its high total concentration. Arsenic

shoved a large increase in an exchangeable phase extract of an effluent

sample from the Seattle site.

Effluent-Surface Back round Water Com arisons

Suspended  nonfilterable! solids were 47 times higher in effluents

than in adjacent surface background water  Table 3! . Therefore, it is not

surprising that most total sample contaminant levels are also correspond-

ingly higher, as depicted in Figure 7. The only contaminants which were

proportionately much higher than the suspended solids level in average

effluents were total lead �25X! and total manganese �4X!. Contaminants

which had appreciably lower levels in total effluent samples than the

respective suspended solids contribution included: PCB's, DDT, DDD, DDE,

copper, chromium, sulfide, zinc, nickel, vanadium, calcium, magnesium,

potassium, and sodium  Table 3!. The major source for the total manganese,

DDE, and major ions  Ca, Mg, Na, K! was the soluble phase.

The only measured soluble phase parameters which were appreciably

higher than the background water levels include: ammonium nitrogen �0X!,

manganese �5X!, alkalinity �X!, zinc 2.5K!, copper �.5X!, and iron

�.5X!  Figure 7!. Titanium and vanadium vere significantly higher in

effluents at the Houston site, but were at background levels at two other
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monitored sites. Despite the data given in Figure 7, chromium and arsenic

were not shown to be higher in effluents since high effluent values for

each at the Seattle site could not be matched with missing background

water data. More information is required for those trace contaminants

which are not commonly monitored.

The primary source for the DDE and nitrate levels in effluents seemed

to be water incorporated with the dredged sediments since higher levels

for each were present in surface background water samples  Table 3!. The

concentrations of ma!or iona  Ca, Mg, Na, K, Cl! were significantly higher

in effluents than in background water because of salinity stratification in

brackish dredge site waters.

The association of trace contaminants with very fine particles was

observed. This was particularly evident for mercury and potassium at

most sites. Combined geochemical phase partitioning and particle-size

fractionation of effluent solids show the association of potassium with

very fine silicate mineral particles, e.g., illite clay. Fine clays, as

well as manganese and iron oxide precipitates and low density organic

detritus, may be important media for the transport of adsorbed contami-

nants. This is supported by high exchange capacity  Table 3! and increased

levels of exchangeable cations  Figures 3 and 6! associated with effluent

suspended .solids.

DISCUSSION

The removal efficiency for most heavy metals closely paralleled the

removal of the solids during dredged slurry containment in land disposal

areas. However, different metals seemed to have varying affinities for
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different geochemical phases and particle sizes of suspended solids.

Total mercury in effluent samples decreased by only 46 percent, which

indicates that it was often associated with a fine particulate fraction

and/or one of low specific gravity  e.g., organic suspended solids!.

Soluble phase titanium in the Sayreville samples mainly originated from

the settling of very fine titanium oxide aerosol particles into the water

near the dredging site. Most of the DDE also seemed to be associated with

very fine particles present in dredged site waters. Thus, the filter size

and the instrument employed for analyses are of great importance in

determining "soluble phase" concentrations. The impact that fine parti-

culate matter has on aquatic life is not well documented, but the findings

of this study suggest that perhaps suspended solids should be included in

any predictive test or effluent analysis; the methods used to separate

solids and analyze samples should be well documented. However, bulk

analyses  acid digests! of bottom sediments or influents are not recom-

mended as a predictive tool as they generally show a poor relationship to

contaminant mobility or availability.

Most of the chlorinated hydrocarbons  pesticides, PCB's!, with the

exception of DDE, showed very efficient removal when proper solids reten-

tion was maintained in confined disposal areas. The source for the DDE

was probably not the dredged sediments since comparable DDK concentrations

were observed in surface background water samples. Oil and grease were

generally removed efficiently during dredged slurry containment. However,

sediments containing high levels of petroleum residues seemed to settle

more slowly, often creating highly fluid oil-water-sediment suspensions

near the bottom of ponded areas. Poor site management may effect the

release of these suspensions, resulting in a poor effluent quality.
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Analytical data for influent and effluent sample filtrates showed

that soluble phase ammonium nitrogen was released in high concentrations

from some bottom sediments. Ammonium release was most frequently directly

related to organic nitrogen and TKN concentrations in the bottom sediments.

Soluble phase ammonium nitrogen concentrations in disposal area influent

samples averaged 20.S mg/R with maximum levels of 70 mg/i. Generally, an

equivalent amount of ammonium nitrogen was exchangeable from the influent

solids. A very rapid initial decrease in soluble phase ammonium was noted

in most sites displaying a short slurry detention. This was attributed to

sorption by disposal area solids in contact with the slurry and was most

pronounced in the presence of fine-grained sediments. Although ammonium

nitrogen was removed from the dredged slurry by 57 percent during residency,

the observed effluent concentrations could warrant concern, especially if

high pH conditions exist in the disposal area or discharge zone, promoting

the formation of highly toxic un-ionized ammonia.

Soluble manganese was the only heavy metal that was consistently

released at above ambient background water concentrations in effluent

filtrates while zinc and copper were significantly higher in effluent

filtrates from several sites. High soluble phase concentrations of

manganese in effluents, which averaged 1.45 mg/K  maximum: 8 mg/k!,

resulted from high influent concentrations. Soluble phase iron was also

high in influents but showed a high removal efficiency �7 percent!.

Although copper and zinc concentrations were higher in the soluble phase

of many effluents, the levels encountered suggest that only rarely should

these contaminants exceed present standards and criteria. The increased

mobility of zinc and copper during containment could be promoted by their
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release from and complexation by organic compounds as well as the observed

formation of moderately soluble carbonate minerals. Generally, the soluble

phase concentrations of other heavy metals closely reflected the concentra-

tions in comparable background water samples. Soluble phase cadmium showed

no major change in concentration during confinement, but there was a major

shift of cadmium into the carbonate phase of effluent solids. This suggests

that cadmium associated with effluent suspended solids may have greater

potential for bioavailability or mobility in receiving waters. However, solid

phase cadmium seemed to be readily removed during short-term residency in

land disposal areas.

There was a 60 percent increase in the cation exchange capacity of

effluent solids. This increase was reflected by general increases of exchange-

able ammonium and metals associated with the effluent solids. The dominance

of organic detritus and fine particulate potassium  e.g., illite clay! in

effluents was probably responsible for this. Increases in the easily reduc-

ible geochemical phase also suggest the importance of manganese and iron

hydroxide precipitates in sorption phenomena. However, effluents having low

solids contents should be negligibly affected by the increase in exchange

capacity. Thus dredged slurry retention must be sufficient to allow for

efficient suspended solids removal.

Although a direct relationship between carbonate phase shifts and

influent-effluent alkalinity values was not consistently noted, high alka-

linity undoubtedly played an important role. Alkalinity showed an overall

decrease during containment, although the trends were site specific. Najor

shifts in alkalinity during dredged slurry containment seemed to be promoted

by biological activity. The highest influent alkalinity values were noted

when the dredged sediments contained a high total organic carbon concentration.
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There was a small but significant increase in pH during the dredging

and land disposal cycle  Table 3!. Algal photosynthesis appeared to be an

important source for the increase, with pH values in excess of 9 observed.

in effluents from a nonvegetaced disposal area with a long retention time.

High nutrienc levels can increase algal growth in site waters, resulting

in alkaline pH. The combination of high nutrient and pH levels may have

both positive and negative effects; ammonia volatilization may lead to

nitrogen depletion of site waters and increased ammonia toxicity could

impact both the microbial pathogens in the dredged material and aquatic

organisms in the receiving waters. High turbidity and vegetation in the

disposal areas should prevent excessively high pH.

Dissolved oxygen averaged 5.3 mg/R in effluents, and generally

effluents containing higher solids contents were lower in DO. Some very

clear effluents which contained high concentrations of soluble nutrients

were also low in DO. Subsurface effluent discharge had lower DO than

surface discharge. Low DO values were observed in vegetated overland

flow treatment areas. This trend may be prompted. by the turbulent mixing

and greater contact of reduced sediments with the water in overland flow

systems. Influents entering the vegetated overland flow areas were also

unusually high in nutrients, which may have prompted low levels of DO by

accentuating microbial growth.

In summary, trace contaminants are mainly associated with suspended

particles, and turbid water will impact sensitive aquatic life. Recently

disturbed bottom sediments, resulting from dredging, will also suppress

DO levels in the immediate discharge waters. Therefore good disposal area

management requires removal of suspended solids. However, long-term
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retention of the dredged material supernatant in disposal areas could

produce a high pH problem. Although slightly alkaline pH generally favors

14,18the removal of soluble contaminants, ' very high values are not desirable.

If organic matter and TKN values are high, ammonia toxicity from high pH

effluent discharges may create problems and will exceed present criteria 9

Since the main source for the high pH is probably algal photosynthesis in

disposal area water, algal blooms should be watched for and prevented.

Such biological blooms could also create unstable physicochemical condi-

tions during the rapid death phase, result'ing perhaps in rapid decreases

in DO, Eh, and pH. In turn, biochemical and geochemical phases of contami-

nants may shift, which could increase their mobility.

The increases of nutrient trace metals in soluble phase effluent

samples from the Wilmington disposal area, where site water was subjected

to long residency in dead vegetation, indicate that the mobility of

especially zinc and copper may be favored under conditions of extensive

retention time and presence of abundant organic debris  Figure 4!. Other

studies have shown similar trends ' . However, the Southport disposal19,20

area, which contained actively growing thick vegetation, elicited the best

removal of nutrients  ammonium and soluble phosphate! and suspended solids

of any of the sites monitored, and no significant increases in soluble

trace metals were found. Thus, there seems to be a seasonal pattern for

best treatment. The presence of vegetation in disposal areas can

accentuate slurry solids removal, but it is recommended that such dredging

be scheduled for the spring or summer period for best effluent quality.

In retrospect, disposal into nonvegetated areas may be best during cooler

weather, to avoid algal blooms.
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Proper planning and management of land disposal area operations should

be a goal of dredging concerns and regulatory agencies. Based on present

criteria and standards, the main goal for achieving acceptable effluent water

quality should be the removal of suspended solids, even at the expense of

increasing the concentrations of certain soluble phase trace contaminants.

Most solub1e phase trace contaminant levels in effluents were found to be

within present water quality guidelines, except for ammonia, manganese, and

iron, and longer residency under oxidizing conditions should favor their

removal. However, it must be kept in mind that there are seldom close

relationships between total contaminant levels and toxicity or biological

16,18-20accumulation ' . Certainly much more research must be performed on such

relationships before a clear understanding of impact of confined land

disposal of dredged material can be formulated.

CONCLUSIONS AND RECOMMENDATIONS

1. Most contaminants  chlorinated hydrocarbons, oil and grease, nutrients,

and trace metals! are primarily associated with the solid phase of dredged

material. Ammonium, manganese, and possibly iron, copper, and zinc are the

only contaminants which might occasionally exceed both background water

levels and present water quality standards and criteria following efficient

suspended solids remova1. Other soluble phase contaminants in effluents were

either below presently prescribed criteria or comparable to background water

concentrations. Thus proper retention or treatment of site waters to limit

suspended solids levels seems necessary to meet the present regulatory

guidelines. However, background water levels should also be considered in

properly evaluating and regulating excessive effluent levels.
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2. Major shifts of several trace metals from organic-sulfide and

residual to carbonate and exchangeable geochemical phases were noted

during residency of dredged material solids in land containment areas.

Despite a potential increase in mobility of most metal carbonate complexes,

increased adsorption onto and coprecipitation with fine effluent solids

probably prevented notable soluble phase increases. Only zinc and copper

were noted to increase in effluent filtrates at several sites, but levels

were below present regulatory guidelines.

3. Actively growing vegetation in land disposal areas elicited

excellent removal of nutrients  ammonium and soluble phosphate! and

suspended solids. However, seasonal use of such sites during active plant

growth is suggested for best effluent quality.

4. Effluent monitoring and predictive testing methodologies should

include suspended solids. Chemical analysis of settleable solids or bulk

sediments should give a poor indication of environmental impact.

5. Confined land disposal of dredged material, under proper manage-

ment, seems to be a viable method for the containment and treatment of most

contaminated sediments. However, sites located adjacent to sensitive

wetlands in confined water bodies are not recommended without extensive

predictive testing.
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INPROVING THE EFFICIENCY OF DREDGING SEVERAL FEET OF

CONTANINATED SEDlNENT OFF THE TOP OF UNCONTAMINATED SEDIMENT

by

T. J. Tofflemire

ABSTRACT

Most dredging has had the goal of removing sediment to some final eleva-

tion. For this dredging, overcutting and mixing of sediment layers is common.

Hast contaminated silts and sands would assume a 25-45X angle of repose. Thus,

sediments cave into dredging cuts rapidly. Dredging technology is oriented

towards this elevation purpose. When a contaminated layer must be removed, a

different orientation is needed. The limited experience of single pass dredging

to remove a two or three foot contaminated Layer has not been good. At Foundry

Cove on the Hudson a two foot contaminated Layer of cadmium laden sediment was

dredged with very poor efficiency and limited benefit to the cove. For the
Duamish River estuary where PCB contaminated the top several feet of sediment,

double pass dredging achieved only 90X PCB removal. A laboratory study of
dredging a contaminated muck layer off of the top of uncontaminated sand in-
dicated that only 70 � 75X af the contaminated layer was removed by hydraulic

or by clamshell dredging. Improved techniques could increase that percentage

to 85 � 90X.

Mathematical calculations of clamshell volumes, overlap spacings and

losses indicated that with no clamshell overlap biting or with overcutting, the

lass of a two to three foot contaminated layer would be in the 25 � 50X range.

By optimizing the overlap spacing and minimizing the overcutting, this loss can
be reduced by 10 � 15X for single pass  cut! dredging. To achieve this low

level of loss, dredge head modifications and a precise grid pattern for the

dredge head must be followed. Precise radar surveying systems are used to
monitor the dredge head location. An alternate way to achieve 85 � 9GX removal
is to use routine double pass dredging. However, this doubles the dredging cost

and the yardage of sediment to be disposed of.

l New York State Department of Environmental Conservation, Albany, New York.
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Introduction

There are a number of water bodies and areas that require dredging to

remove a contaminated surface layer. One purpose is to remove nutrient laden

organic sediments in shallow lakes or ponds where excessive growth of aquatic

vegetation is a problem. A world wide survey of lake rehabilitation techniques

in 1974 revealed 17 lakes cited for nutrient removal dredging and 7 lakes for

which the dredging had been completed. In NY State there are about 10 Lakes�!

that have been dredged for nutrient removal or deepening to lessen eutrophica-

tion. Another purpose is to remove toxic substances in sediments that might

contaminate water and fish. These toxics vary from PCB spilled in the Duwamish

Estuary in Washington to cadmium discharged to Foundry Cove, NY, to kepone dis-
discharged to the James River in Virginia. For many of these cases the contam-
inant is found primarily in the top several feet of the sediment. A review of

PCB contaminated sediments indicated a number of major cases including the�!

Upper Mississippi River near St. Paul, Minnesota, the Sheboygan River and
Harbor in Wisconsin, the Waukegan Harbor in Illinois, the Duwamish Estuary and

the Hudson River. Pollutants that are relatively. nonbiodegradable, slightly

soluble in water, bioaccumulative in fish and toxic are of most concern.

Most dredging has had the goal of removing sediment to some specified

elevation. For this dredging overcutting and mixing of sediment layers is

common. Sediments cave into dredging cuts rapidly. This is an anticipated
�!

part of conventional dredging A paid 2 ft overcut is common. When a can-

taminated layer must be removed a different orientation is needed in order to
remove a high percentage of the contaminated layer and a low percentage of the
unwanted sediment. Improved dredging techniques and proper equipment are

needed. Certain dredges that take a wide sweep or bite of a large area and

small thickness are ideal. Accurate location of the dredge grabs or sweeps is

also essential.
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Some Relevant Literature and Studies

The tendency for a sediment to cave in or flow into a dredging cut is

dependent on a number of factors including the cohesiveness of the sediment, the

particle size and shape, the history of compaction, the pore pressures, and the
�!

depth of cut. Coulomb's Law describes the relationships:

S P tan g + C

where.' S Shear strength
P = The normal force or pressure

The angle of internal friction
C The unit cohesion  cohesive strength!

The angle of internal friction is an important property. For granular or non-

cohesive soils, this is determined by laboratory shear tests in which the

normal force is varied and the shear strength measured. The slope of the shear

strength versus normal force line is the angle, g. Some typical values are

given in Table 1. The prior history of compaction of the soil affects the�!

peak strength. The ultimate strength is measured after the particles are shear-

ed and loosened and is some what less than the peak strength The angle of

repose or slope of a pile is approximated by the ultimate strength angle. For

granular sands C  the unit cohesion! is zero, but for clays and muck soils g.'th

roots most of the shear strength of the soil is due to C. For some clays !5 s 0

and S = C. Vane shear tests are useful to test the strength of river sediments

in situ. TABLE 1. TYPICAL VALUES OF FRICTION ANGLES GRANULAR SOIL.
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For a number of dredged sediments the angles of internal friction�!

varied from 25-40 and paralleled the values in Table 1. The unit cohesion

varied from 100-1000 lb/ft2 and in the situ vane shear strengths from 20-400

lb/ft2. For Hudson River sediments the vane shear of the top several feet of

silts and mucks were in the 20-450 Lb/ft range while vane tests to 20 ft
�!

into the sediment gave values as high as 500 lb/ft . The amount of compac-2 �!

tion of the sediment increased with depth. Scuba diving was done along the

Hudson River bottom and holes dug by hand and by a small shovel. The angle of

repose of the sandy sediments was in the 25-40' range. The sediments in mar-

shes  typically silty sediments in � ft of water! exhibited angles of repose

as high as 60 ~ The roots held the sediment together and gave it considerable

cohesion. In addition there appears to be a parallel between the tendency of

sediment to erode and to cave in. The fine sands and coarse silts are most
 8,9!vulnerable while the gravels and clays are more stable. ' The more organic

sediments also appear less stable unless they are in shallow water where rooted

aquatic plants hold the sediment together. �!

There ia relatively little literature on the efficiency and net results

of contaminant layer dredging. Many ponds have been deepened and eutrophi-

cation temporarily lessened. It is not clear if this was due to removal of

most of the nutrient-laden organic sediment or due to deepening or to physical

removal of the rooted vegetation. For the dredging of Collins Lake in I!

Scotia, NY, a Nudcat dredge was used. It made 8 ft wide cuts 1.5 ft thick. It

was noted that windrows of sediment were left from the cave-in at the edge of

the cut. A one foot cut overlap was used.

Goodier noted the following in comparing mechanical, hydraulic and�0!

pneumatic dredges: The clamshell or dragline looses sediment during the rais-

ing of the bucket and during the lowering of the bucket back into the water.

In greater water depths more sediment is lost out of the clamshell. The clam

is generally allowed to free-fall and the depth of bite is dependent on its

momentum and penetration. Without location equipment it is difficult for the

operator to overlap each bite evenly and a bottom with mounds and holes

results. PeriodicalLy the clam is swung from side to side underwater to level

the bottom. Other common mechanical dredges include dipper and dragline

dredges
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Cutterhead hydraulic dredges use walking spuds on the back and cable to

make swings cuts in arcs back and forth. The rotating cutterhead loosens the

sediments and mixes them with the overlying water. In soft unconsolidated

sediments the dredge can operate satisfactorily with the cutterhead stopped or

removed.
�0! The dustpan dredge has a suction head shaped like a dustpan and

has scarification water jets along the leading edge to losen the sediment. The

suction head is pulled into the sediment by winches on two cables that gener-

ally run upstream to ancors set above the cut area. The dustpan can be accur-

ately raised and lowered by cables to take a specified depth or thickness of

cut. Some dustpans are 36 ft wide and cut this wide of a swath thru the sedi-

ments. This dredge usually employs a low head, high capacity pump designed to

pump only a few feet above the water surface. It would be possible to equip a

conventional cutterhead hydraulic dredge with a 12-15 ft wide dustpan and

operate in the dustpan mode. The Mudcat dredge operates similarily to the  10!

dustpan in that it is wenched into the sediment. However, it uses two augers

that loosen and feed the sediment to the suction pipe. The head is 8 ft wide

and can take as small as a 1.5 ft thick cut ~ The unit is small with an 8 inch

pipeline, and is only capable of dredging to a 15 ft depth. As for other hyd-

raulic dredges, booster pumps can greatly increase the pumping distance or head
�0!if needed. Goodier implied that the dustpan or Mudcat type dredges would be

theoretically most efficient in removing contanminated layers. A new dredge

called the Mud Master* is similar to the Mudcat but has only one scarifing

auger to loosen the sediment and catapiller tracks to propell it overland like
a bulldozer. It also floats and can be winched by cables.

Airlift dredges are generally fabricated for a specific purpose and are

not considered stock or off the shelf dredging units. The units are more effi-

cient in deep water and use the principle of air injection to cause density

reduction in the upper pipe which causes suction in the lower pipe section.

The Pneuma Dredge is a patented Italian dredge that uses the air lift princi-

ple. The unit was employed to dredge PCS contaminated sediments from the

Duwamish Kstuary. The Oozer Pump system is a patented Japanese dredge that

Uses alternate vacuum and pressure air cycles to suck sediment into a tank and

pump it out ~ There are two tanks and suction heads operating on alternate cy-

cles, so the discharge can be nearly continuous. The Oozer system has automated

sediment pressure sensors to prevent the suction of clear water. These suction

* Dredge Masters International, Nashville, Tenessee.
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and air lift systems can be added to the laddex' of a conventional cutterhead

type hydraulic dredge which makes swings. Goodier noted that these suction�0!

dredges cause relatively little turbidity loss relative to cutterhead hydraulic

dredges or clamshell dredges.
�1!Tofflemire et al, studied the various dredge losses of solids and

PCB and noted the following types of losses in Table 2.

TABLE 2. EXPECTED PERCENT LOSSES IN HOT SPOT DREDGING

Clamshell

PCB Solids

13 13

PCB Solids

13 13Missed during accurate dredging
 not picked up!

�*<2*Last by suspention at the
dredge head

~ 2~ 5Lost in return flow with

2 hx's settling

" Shrouding of the clamshell could reduce these loses.

For hydraulic dredging, treatment of the return water to achieve good solids
 ll!separation is essential and practical. Several studies involving detailed

water monitoring around clamshell hydraulic cutterhead dredges have noted that
the increased solids in the water column within 1500 ft of the dredge accounted

�2,13,14, 15!
for a loss of no greater than 2.5 percent of the solids dredged.

The suspended loss of the clam shell was twice the loss of the hydraulic dredge

head in one study.
�4! However, one is struck by the 13 percent or greater

loss of sediment not picked up in the dredging operation.

This large potential loss of sediment not picked up was explored in a

small laboratory tank study in which clamshell and hydraulic dredging were

performed. A carefully leveled layex' of muck soil  95 percent passing No.�5!

100 sieve! was placed over a measured layer of sand � percent passing No. 100
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sieve! in the tank. All volumes and weights of materials added to or removed

from the tank were carefully measured. A small clamshell set up shown in

Figure 1 and 2 was used to do test dredging at precisely located overlap inter-
vals. A variable speed Cole Palmer pump attached to a copper pipe shown in

Figure 2 and 3 was used to achieve the hydraulic dredging. The purpose was to
determine what percentage of the contaminated muck could be removed from the

tank.



All the sediment removed was sieved to separate it into the sand and muck

fractions and weighed. Corrections were made for the non-retrievable sediment

near the walls. The following was concluded;

1. Accurate single pass clamshell dredging with a overlap could
achieve 85-90 percent contaminated layer removal.

2. Accurate single pass hydraulic dredging could achieve 85
percent contaminated layer removal when uniform solids
solids concentrations of 5 percent or less are pumped

Some other observations and projections were made.

1. Routine clamshell dredging without accurate location
positioning could achieve contaminated layer removal as low
as 65 percent. For clamshell dredging the bite overlap
spacing, depth of bite and accurate positioning of the bites
was essential.

2. Routine hydraulic dredging that was not optimized for contaminated
layer removal could also achieve as low as 65 percent recovery.
Here the boom swing speed and pumping rate were critical, along
with accurate positioning. If the boom is swung to fast solids
are missed and plowed sideways. If the boom swing speed is to
slow a lot of water is pumped but sediment recovery is more
efficient. In the lababoratory tank as in the field for large
hydraulic dredges, keeping !ust the right speed is a difficult
task- The pump discharge frequently changes from dark to clear
 high to low percent solids!. The more water that is pumped, the
lower the dredged yardage production rate, and the more expense
added to the return water treatment system and dredge Operation.
Accurate positioning of sweeps is again important.

Several case studies of toxic sediment dredging will now be described.

In the Duwamish Estuary 265 gallons of Aroclor 1242 were spilled. Divers with

suction hoses removed some of the most concentrated PCB laden sediments and
3 3

filled 215, 55 gallon drums. Then a Pneuma dredge removed 6,900 yd �300 m !

of the lesser contaminated sediment. The entire area recieved a cut of about 2

ft  .6 m! and the central spill area a cut of 12 ft �.7 m!. The turbidity

disturbance in the area was minimal and 90 percent of the PCB was recovered by

the dredging.
�8!

In a second case, the discharge of nickel and cadmium to a

marsh occurred for 17 years and resulted in sediment cadmium concentration

above 10,000 g/g. A Nudcat dredge was used to dredge 5,000 yd of sediment

and 4-6 tons of cadmium out of the marsh. The sediment was contaminated to 4

ft depth in the outfall area and to 1 ft depth in the outer cover area. AI-

though several dredge cuts were made, there are still sediments in the outfall

area with more than 10,000 egg/g of Cd and broad areas with over 1,000 pgg/g of
Cd. Scientists sampling the area after the dredging concluded that the dredg

ing did little to reduce the effect of Cd surface concentrations and as much

as 50 tons of Cd still remain in the cove.
�9!
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Fill in Volumes for Clamshell Dred ee

On the following three �! pages, calculations of the fill in volume

relative to the full clam volume are indicated. A sediment angle of repose of

45' was used. Most sediment would fill in at an angle lower than 45 making

the fill in volumes greater. On the calculation sheets, the fill in volume is

the missed volume V and the empty clara volume is V ~ The assumption was

made that the contaminated layer to be dredged was of depth r, the clam radius.

The conclusions for a semicircu1ar clam are on the bottom of page 9.

The additional complicating factors of overcut depth, clam radius and

clam shape were considered for dredging a 2 ft layer on page 3. Here another

volume unwanted  U.W.! was also calculated. The assumption was also made that

the sediments most likely to cave in are the top 2 ft of sediments which are

the least consolidated. Deeper sediments would have a sLightly higher compres-

sion and shear strength. For semicircular bites, a clam radius between 2 and

3 ft would be optimum. For large clams the unwanted sediment volume increases

rapidly. A radius of greater than 3 ft would yield unwanted sediment volumes
of ! 25%. Ta the unwanted volumes>the empty clam volume of 20-30% should be
added. It is not certain Just what kind of cut a semicircular clam would make

in the field. If it made a box shaped cut instead of s semicircle, then the

efficiencies would go up. The calculations on the box cut are noted on page IO.

In making a box cut, a clam would have to be opened to nearly vertical to
minimize push- away volume. The laboratory study clam which was of similar
shape to a large American Dredging Company clam created approximately 18% push
away volume as it was lowered into the sediments. It is assumed that about
half of this push away volume is pushed into rows at the end of the clam. Clam
end overlap would be needed to pick it up. These results do fit with the
laboratory scale sediment mass removal experiment where the clam had a r/2

bitting and r/4 end overlap.
In summary the following clams could potentially give the greatest

efficiency in removing a 2 ft contaminated top layer.
l. A 2.5' r semicircular clam with an r/g bitting and end overlap.

2. An 8' r C circle clam with a 2.8' bitting averlap.

3. A box cut clam with a 2' overlap.
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First Clam Bite

A ~ .785 r

Vol .107 r2X 6 ' SX

miss Vol, Vm

empty Vol - 0

368

FILL IN VOLUMKS FOR SKMICIRCULAR CLAM

with 40-45' An le of Re ose of Sediment

Full Clam ss 2A ~ ~ 1.57 r
pr2

2

45' Fill Area ~ � � � ~ .285 r2
4 2

2nd Clam Bite at 1/2 clam overla  r!

Vol k ,392 r2g 25X

2nd clam bite with no overla

r 2
Volm ~ � i + .215 r i = .715 rm

.71$ r2
X siss ~ 45.5X

1 ~ 57 r

2nd clam bite with r/2 overla �/ clam!

missed vol ~ .0804 r k 16.1X

empty vol ~ .0325 r2i ~ 6 5X

r

Empty
Vol~ Ve



Ends overla s onl

2r

missed vol = 11.4X

empty vol 10X
5. 7X

5X

at r overla

missed vol OX

empty vol 89X

~/

OX

44X

missed vol 8.2X

empty vol 47X
4.1X

23X

Combined Row 6 Column Losses for No End Overla

2r

z/2 r
27.5 18.2 .
16.5 35

Combined Row & Column Losses for r/2 End Overla

i=2r

49.6

46.5
24.3

18.1

23

14

29. 1

16. 5

48

36

47

20

53.1

26.5

72

45

* Gale. Method A

» Calc. Method B

Conclusions' .1. Optimum bite overlap is close to r/2 assuming a semicircular bite
2. Optimum end overlap between 0 and r/2
3. Efficiency improves in going from JL r to f 2r

empty clam volume 30-40X

[ Typical when only emPty clam volume 5-lOX
elevation controls
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bitting overlap
missed vol X

empty vol Z

bitting overlap

missed vol X A*

missed vol X B»

empty vol Z A
empty vol Z B

0

51.4

5

r/2
21.8
11-5

r/2

20.2

17.1

r

12.5

30

10. 9

7.8

0

56.9

10

53,7

47,5
15. 0

8.8



Various Clam Sizes and Sha es Relative to Removin a 2 ft La er

2nd Bite,
r/2 overlap

First Bite3 ft radius semicircle

Second

Bite
First Site r 3'

1.57

.34

22

.15  9e6
U.W.

Unwanted
Sediment

4 ft radius semicircle
Second

Bite
First Bite

length, i lr 2r
Total vol yd 3.72 7 .45
U.W. vol ma yd3 1.46 2.91

X V.W. 39 39
Vm mm ~ 285 r' rr, ~ yd ~ .675 1.35
Note: if a square cut could be made the

unwanted sediment could be reduced.

r
~ 2~+/ ~IJr 2~r3. 72

1.40

36

r~4

.37 �0X!

Vm
U.W.

8 f t radius 4 circle

d Ca acit at len ths of
11.3 ft 2 x 12 + 11.35.66 ft

Level ~Hum ed

7.65 10.2

BoxLevel ~Hum ed

3. 82 5.0 10 ~ 0

Note: This clam could be very efficient in
removing a 2 ft contaminated layer if
the clam could be lowered 2 ft into the
sediments while open and then raised as
the clam was shut . Then there would be
alraost no overcutting. On. the other hand,
if this clam made a circular bite, then
it would leave about 17 X of the top 2 ft
of contaminated sediraent at a 2.8' overlap
and pick up 7X unwanted.

Size of Box Cut Clam

Box Cut 12'
0 2'

16 0
0 16
0 0

0 2'

8X 0

0 8
0 0

Sitting overlap

Missed vol Z
Empty clam vol X
V.W. vol Z

Lah clam vol 125 cc or l25 ft scaled up.3

COB clam vas of similar shape - treosfoms to ft
Approx. square 8' x 3' hole cut;

Missed ~Em t U.W.
with 2' bitting and

1' end overlap 14
with no overlap 36

Push away volume an one side ~ 18Z

20 25

0 37

push a
vol.
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length,
Total vol yd 3

Unwanted U.W.! - yd3
X V.W,

Vm .285 r24 ~ yd3=

lr 2r

1. 57 3. 14

.34 .69

22 22

.285 . 57



Factors Governin H draulic Dred e Sediment Picku Efficienc

�0,21!
Several authors ' discussed methods of reducing turbidity around

hydraulic dredges
�6,19!

Yagi ' made a thorough study of hydraulic dredge pickup and resi-

dual solids left. He gave the formula:

l' t ' s
where: l = the spud advance spacing

t the thickness of the attemped
soil cut.

s = the rate of swing in m/min
D diameter of the removal pipe
V flow velocity in the pipe in m/s

Vol
here x Vol

Sediment Contacted

mixture pumped

wt. X of Solids in situ
{w! wt. X of Solids pumpedthe wt. X ratio

1 Vol X Solids um ed 1
and and 1 - � R

wX Vol X Solids contacted ' wX

The swing speed was in the 20-33 ft/min �-10 m/min! range and the average cut

of 1.75 m. The residual solids percent per swing, R, was in the 10-25 percent

range. Turbidity around the dredge head increased with increased R and solids

contents pumped. The turbidity on the side of the cutter entering the sediment

was higher than for the other side. The additional loss of solids due to cav-

ing in of sediments from the top of the hole or due to poor alignment of swings

was not considered. In their study one piece of sediment was as good as an-

other. This is not the case for contaminated layer dredging.

As indicated in Figures 5, 6 and 7 theoretical calculations of hydrau-

lic dredge cuts and overlaps were made for a 4 ft diameter cutter. A 45' angle

of repose of the sediment was again assumed. Cuts deeper than 3 ft result in

removal of substantial amounts of unwanted sediment when the contaminants are
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�7!
R ia the percent residual sediment volume missed per dredge swing. Yagi

noted that R increased with increasing dredge swing speeds and that R decreased
�7!

with lower percent solids pumped. For the dredge studied pumped about 105

cfs �m /s!. The cutter was 5.7 ft �.75 m! in diameter and rotated at 18 rpm.



only in the top 2 ft layer. The 15 inch hydraulic dredge used by NYS Dept. of

Transportation is approximately 100 ft long including the ladder and 25 ft

wide. Therefore a 100 ft radius of sweep in a 100 ft arc about the spuds waa

d. Dred e 0 eration Modes X
Conventional Im roved

Individual sweep loaa6 V *
 function of awing speed and X solids! 1020

Cut overlap loss V
� vs 5 ft spacing J 3. 720. 2

2

~l- 16
18

10+ 2

20. 0Alternate spuding loss, V

Total, V
Unwanted Sediment � ft vs 3ft cut!
Duplicated Areas empty Vol Ve

50 - 60

31

.6+ 33

* V X volume missed.
m

These losses are very approximate theoretical estimates and need field

confirmation. Nevertheless, the figures do indicate that there is a great

potential for improving contaminated layer dredging.

Accurate Location and Monitorin Techni ues

To insure a high percent recovery of a contaminated layer accurate

dredge bite location techniques are needed. A one foot horizontal control

accuracy and a .3 ft vertial control accuracy are needed. What is needed is a

system that measures, records, and displays the dredge head location and

compares this location with a preplanned ideal grid dredging pattern. The

dredge operator must be able to easily see if his dredge head is following the

preplanned dredge grab or sweep pattern. The depth of the dredge head also

needs to be measured and displayed to the operator in relation to the depth of
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assumed in Figure 7. Dredging about alternate spuds for 3 arcs  Spud A, Spud

B, then spud A! etc., results in roughly a 20 percent sediment missed just due

to swinging form the alternate spud. This loss could be reduced to less than a

couple percent if dredging swings were always made about one spud. In summary,

conventional hydraulic dredge operation about an alternate 7 ft spud spacing,

with a 4 ft deep cut, could result in much poorer efficiency than the same

dredge operating at a 3 ft cut, a 5 ft single spud operation as noted

below.



cut desired. Most dredges have some means of measuring depth and depth moni-

toring equipment is less critical. For hydraulic dredges a swing speed indica-

tor and a solids content meter on the pipeline is needed to optimize the

removal per swing. The data should be stored on tape or by other means so the

engineer managing the project c n review it when time permits.

Although relatively few dredges employ accurate location equipment,

various models are availablei Inter Oceans Systems, Inc. offers a SPANS and

LONGBASE positioning system. They employ underwater transponders that�3!

return signals to a command transducer and transmitter. Range indicators,

digital printers, computers, and plotters are also available. The transponder

are attached to buoys or fixed structures and the underwater distances to the

dredge from the several surveyed transponders are monitored.

Another location system is the Motorola Mini-Ranger III System.
�4!

It

employs several above-ground transpondexs that return pulsed radar signals to

the receiver-transmitter unit that indicates the distances to the two or more

reference transponders. The system has optional equipment including a data

processer, a tape recorder, keyboard terminals with either paper output or a TV

screen type output, track indicators, depth sounders and a series of packaged

programs to calculate and compare many quantities of interest. Cable length
�5!

 pay out! indicators are also available to aid in measuring the depth of

the dredge head. This depth measurement can then be electronically fed to the

Mini Ranger Ill data processor computer for calculations. Figure 8 showa some
�e! �7!

of the mini ranger equipment. CUBIC AUTOTAPE and DEI NORTE are other

similar type above-ground locating systems. These systems require line of

sight and some read to only 1 or 2 meters accuracy which may prove a limita-

tion. The equipment is in the $50,000 to $100,000 cost range. In contaminant

dredging programs in which the cost of sediment dredging, treatment and secure

land burial may run $5/yd the system would pay for itself if 20,000 yd of

unwanted sediments could be left or 20,000 yd of additional contaminated

sediment recovered by the sophisticated instrumentation. For dustpan or Mudcat

type dredges electronic navigation would not be as essential as for cutterhead

hydraulic or clamshell type dredges. Depth of cut monitoring is probably more

critical for the hydraulic dredges than for the clamshell which is dependent on a

controlled height of free fall for penetration A trial program to test the

benefits of improving the efficiency of contaminated layer recovery with the

sophisticated navigation hardware is needed. Conventional locating systems
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including transits, rangefinders, sextants, and line-of-sight positioning would
probably be too time consuming and cumbersome for monitoring each bite of a
clamshell dredge or sweep of a cutterhead hydraulic dredge. A transponder

could be mounted on the top of a clamshell boom. This would put it 50 ft or so

above the water. As long as the reference transponders were more than l000 ft

away the correction would be less than 1 ft. On a hydraulic cutterhead a tran-
sponder could be mounted on the spud holder. This would place it at the cen-

ter of the dredge arc. An angle indicator would also then be needed.

In summary, it has been observed and documented that the sediment caves

in and around dredging cuts and that overcutting and leveling of sediments to

achieve some final elevation is common in the dredging industry. It has also

been demonstrated from laboratory experiments, theoretical calculations and

very limited field dredging data that efficiency of conventional dredging tech-
niques  cutterhead hydraulic and clamshell! in removing a contaminated layer
would be in the range of 65 percent. With improved dredging operation to

follow preplanned overlapping dredge cuts the removal efficiency could be
increased to 85"90 percent and the volume of unwanted sediment dredged reduced
from 30 to 50 percent down to about 20 percent. Suggested clamshell and hydrau-
lic overlaps and cuts were stated, but require field trials with accurate
location equipment for confirmation. The accurate location monitoring equip-
ment appears essential and economical for large projects involving dredging of
a contaminated layer by cutterhead hydraulic or clamshell methods. Certain

types of specialised dredges are on the market that could provide efficent
contaminated layer removal with conventional location equipment such as

transits, rangefinders, sextants, etc. These dredges include the dustpan and
Mudcat type dredges. However, there are situations and sediments for which

these dredges are not well suited.

Another way to achieve 85-90 percent contaminated layer recover is to

practice conventional double pass dredging. How'ever this doubles the yardage of

sediment to be disposed of.

First pa88 dredging 65 X recovery.

Second pass dredging 65 X�5 X! + 65 X 87. 1 X recovery.
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