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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS

P. O. BOX 631
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IN rePLY rerr vo. WESEV 15 June 1979

SUBJECT: Transmittal of Technical Report D-T78-56

TO: All Report Recipients

1. The report transmitted herewith is the result of a work unit ini-
tiated as part of Task 5C (Disposal Area Reuse Research) of the Corps
of Engineers' Dredged Material Research Program (DMRP). Task 5C was
part of the Disposal Operations Project of the DMRP and among other
items included developing design procedures for reusable disposal
areas. Although the work was conducted as part of Task 5C, the methods
developed are also applicable to the more general Task 2C (Containment
! Area Operations).

2. Confining dredged material on land is a disposal alternative which
few specific design or construction improvement investigations addressed
prior to the DMRP. Because of the dramatic increase in the last several
years in the amount of land needed for disposal, a significant portion
of the work in the DMRP was aimed toward identifying ways of increasing ;
the capacities of containment areas and designing them in such a manner i
that return of solid particles in the effluent would be minimized. A
literature review revealed gaps in research concerning the use of exist-
ing procedures for designing containment areas for fine-grained dredged
material to meet standards for effluent suspended solids level. This
study (Work Unit 5C11) was conducted to provide a rational procedure for
the design of confined containment areas to meet effluent quality
standards.

3. Although the literature review revealed gaps in the research, it
did provide the basis for developing laboratory and field investiga-
tions and for evaluating results. Samples of channel sediments and
dredged material were collected at four active dredging sites for use
in conducting laboratory tests, determining suspended solid levels of
dredged discharges and containment area effluents, and developing pro-
files of suspended solids versus depth for the containment areas. Dye
tracer studies were used to investigate the short-circuiting and mixing
properties of containment areas.

k. Procedures are presented for designing new containment areas for
suspended solids retention and for determining the suspended solids
retention potential of existing areas. Design methods for saltwater
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and freshwater sediments are included. The design procedures are based
on gravity sedimentation of suspended solids. With proper design and
operation of containment areas, the sedimentation process would normally
provide removal of solids down to levels of 1 and 2 g/% in the effluent
for saltwater and freshwater sediments, respectively. Dye tracer
studies indicated that a correction factor of about 2.25 should be
applied to design area and to retention times to compensate for the
deviation from ideal or plug flow conditions.

5. The results of this study were incorporated into the final recom-
mended design procedures outlined in Technical Report DS-78-10. The
final design procedure provides guidance on sizing containment areas
to ensure that volume requirements are met as well as requirements for
solids retention.

OHN L. CANNON
Colonel, Corps of Engineers
Commander and Director
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SUMMARY

This report provides procedures for designing fine-grained dredged
material containment areas to provide adequate retention of suspended
solids so that required effluent suspended solids levels can be met.

A search of the literature revealed major gaps in the research
concerning use of existing procedures for designing such containment
areas. No major research effort had investigated the settling properties
of suspensions having solids concéntrations in the range of dredged
material slurries. The literature did, however, provide good guidance
for developing the field and laboratory investigations for the study
and for evaluating the results.

Field studies were performed to obtain samples of channel sediment
and dredged material for laboratory tests, determine suspended solids
levels of dredge discharges and containment area effluents, and de-
velop profiles of suspended solids versus depth for the containment
areas. Dye tracer studies were performed to investigate the short-
circuiting and mixing properties of containment areas. Four active
dredging projects were used as field study sites.

It was found that greb samples taken from the channel bottom are

sufficient for performing sediment characterization and settling tests.

Such samples are also relatively easy and inexpensive to obtain. Sedi-
ment organic contents were generally less than 10 percent for all the
sites except one. In general, the organics were considered to be too
low to be a significant factor in evaluating the settling properties.

It was also found that settling tests performed in an 8-in.-diam
column are satisfactory for defining dredged material settling behavior
within a containment area. Settling behavior in the freshwater en-
vironment is best described by a flocculent settling test, while behavior
in a saltwater environment is best described by a zone settling test.
The same settling column can be used for both tests with only minor
procedural changes.

Methodology is presented for fine-grained dredged material con-

tainment area designs for meeting effluent suspended solids requirements




based on determination of a surface area or detention time required to
accommodate a continuous dredged material disposal operation. The de-
signs call for suspended solids removal by the process of gravity sedi-
mentation allowing discharge of carrier water from the containment area.
Suspended solids removal efficiency for freshwater sediments depends on
the ponding depth as well as the properties of the particles.

The sedimentation process, with a proper design and operation,
will normally provide removal of fine-grained sediments down to a level
of 1 to 2 g/% or less in the effluent, However, because of the influence
of factors at the site, removal below these levels cannot be predicted
from the design procedures. It is possible, however, that a saltwater
containment area will accomplish removal to a level less than 1 g/%,
but a freshwater containment area will generally provide removal down
to a level of only about 2 g/%.

Ideal flow or plug flow never exists in an actual containment area
because flow is always accompanied by a certain amount of mixing and
short-circuiting. Consequently, the design areas and detention times
must be increased by a correction factor to compensate for deviation
from plug flow. The dye tracer studies indicate that a correction
factor of about 2.25 should be applied to the designs.

Ponding depths should be as great as possible to provide longer
detention times and reduce the effects of short-circuiting. A minimum
ponding depth of 2 ft is recommended for sedimentation of solids during

a continuous disposal activity.
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PREFACE

This study was conducted as Work Unit 5C1l of the Dredged Material
Research Program for the Office, Chief of Engineers, U. S. Army, at the
U. S. Army Engineer Waterways Experiment Station (WES), Vicksburg,
Miss. This work unit was part of the Disposal Operations Project,

Mr. Charles C. Calhoun, Jr., Manager.

The study was conducted by the Environmental Engineering Division
(EED) of the Environmental Laboratory (EL) at WES, under the general
supervision of Dr. John Harrison, Chief, EL, Dr. Roger T. Saucier,
Special Assistant, EL, and Mr. A. J. Green, Chief, EED.

The research is the basis for the dissertation research of
Dr. Raymond L. Montgomery, who performed the field and laboratory data

analyses. SP5 Josée L. Llopis made significant contributions toward

the successful accomplishment of the field and laboratory investigations.

Mrs. Jean M. Bishop and Mrs. Patricia B. Hopkins were instrumental in
preparation of the data for reporting. The report was written by
Dr. Montgomery.

The Director of WES during the study was COL John L. Cannon, CE.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)

UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply

acres (U. S. survey)
cubic feet

cubic yards

feet

gallons (U. S. liquid)

gallons (U. S. liquid)
per minute

inches
miles (U. S. statute)

miles (U. S. statute)
per hour

ounces (U. S. fluid)
pounds (mass)

pounds (mass) per cubic
foot

square feet
square inches
tons (2000 1b mass)

yards

By

Lok6.856
0.02831685
0.7645549
0.3048
3.785412
3.785L12

2.54
1.6093k4kL
1.609344

29.57353
0.45359237
16.018%6

0.0929030k4

6.4516
907.1847

0.91kY4

11
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To Obtain

square metres
cubic metres
cubic metres
metres
litres

litres per minute

centimetras
kilometres

kilometres per hour

cubic centimetres
kilograms

kilograms per cubic
metre

square metres
square centimetres
kilograms

metres

PSPPI




METHODOLOGY FOR DESIGN OF FINE-GRAINED DREDGED MATERIAL
CONTAINMENT AREAS FOR SOLIDS RETENTION

PART I: INTRODUCTION

Background

1. Confinement of dredged material on land has been a major dis-
posal 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 dis-
posal areas. The confined disposal (containment) areas used for both
retention and disposal of dredged material are simply sedimentation
basins. 3

2. Sedimentation has been used far more widely than any other
major process 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 sedimentation basins, and this factor has consequently
captured the interest of researchers in a number of fields. Extensive
literature is available on the subject.

3. Despite the importance of this process and the long years of
experience in its use in wastewater and water treatment, application
of the principles involved has been so limited in the area of dredged
material disposal that procedures have not been developed for designing
fine-grained dredged material containment areas. ©Stricter requirements
for effluent suspended solids are now in force, and as a result pro-
cedures are needed for designing containment areas for high suspended
solids removal efficiencies.

4. The containment areas currently being used for separating and

retaining dredged material solids range in size from less than 10 acres¥

* A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 11.
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to about 2500 acres. The dimensions of most of these have been fixed on
the basis of available land cr volume needed for multiyear storage of
dredged material.

5. Dredged material containment areas are slightly different from
the sedimentation basins used in water and wastewater treatment in that
the former must provide for sedimentation to achieve acceptable effluent
quality while providing storage volume for several years of material
dredged from local waterways. In most cases, the amount of dredged
material storage required is the controlling factor in sizing a con-
ventional disposal area. Nevertheless, the large areas now in existence
often have problems meeting the effluent requirements for suspended
solids. This shortcoming can be attributed to the (a) nonuniform
lateral distribution of flow and (b) short-circuiting currents that oc-
cur in most dredged material containment areas. As a result of short-
circuiting currents, one section of flow is subjected to a different
flow-through rate than another.

6. The major problem is that very little is known about the
actual sedimentation 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 re-
searchers to determine the fall speed when the particle density is very
small and the distance between particles is much greater than their
diameter. In practice, dredged material is discharged into containment
areas at concentrations averaging about 145 g/f. Because of this high
concentration, it is believed that sedimentation occurs under either
flocculent or zone settling processes.

T. High-density slurries have been observed near the surface of
dredged material containment areas, indicating that hindered settling
occurs in a significant portion of the water column. The velocity for
hindered settling is less than that predicted by theories based on

discrete settling because of the increase in drag occasioned by the

presence of other particles. 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
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levels. Where strict effluent suspended solids limits are enforced,
periods of interrupted dredging are commonly used to reduce the loading
rate and provide time for particle settling. These interrupted dredging

operations usually result in increased overall operational costs.

Purpose and Scope

8. The purpose of this study was to investigate dredged material
settling characteristics, dredged material sedimentation processes,
applicability of prevailing theories on sedimentation to dredged ma-
terial, and influence of existing disposal operational practices on
sedimentation. These results were then to be used in developing guide-
lines for design and operation of dredged material containment areas.

The design and operation guidelines were to be aimed at producing dredged
material containment areas that can accommodate continuous flow while

meeting effluent suspended solids requirements.

Approach

9. The approach used in this study was to perform field and
laboratory investigations of dredged material slurry characteristics,
settling characteristics of solids, and sedimentation processes in
disposal areas and to identify containment area operational practices
affecting sedimentation. A literature review was conducted to determine
the applicability of existing sedimentation theories to the design of
dredged material containment areas. The information gained from the
field and laboratory investigations and literature review was used to
develop a design approach for fine-grained dredged material containment

areas.

Related Studies

10. For a containment area to perform the solids removal and

storage functions, its weir(s) must be properly designed and its shape

1k




must promote efficient flow through the area. Walski and Schroederl
evaluated the relationship between weir design and effluent suspended
solids and developed a procedure for designing weirs with effective
lengths. The design procedure was developed on the basis of a field
study program in which several sites were investigated to provide data
for mathematical models. The authors found that models were available
to predict the depth of the withdrawal zone (the required ponding depth)
and the velocity profile for weirs.

11. Data collected at the field sites were also used as input
for evaluation and verification of these available models. Information
collected included velocity, concentration, and density profiles; flow
rates; depth; weir length; head and velocity of flow over the weir; and
grain size, specific gravity, and angle of repose of the dredged ma-
terial. With the exception of concentration and density profiles repre-
sentative of dredged material containment areas, much of this.informa-
tion was available in the literature. Concentration profiles for dif-
ferent dredged material and site conditions were determined for all
field sites.

12. The selective withdrawal model developed at the U. S. Army
Engineer Waterways Experiment Station (WES) by Bohan and Grace> was
found appropriate for use. The design approach for weir sizing was
dev: .ped using this model and verified with a limited amount of field
data.

13. A study by Brian J. Gallagher and Company3 provided more

insight into effective containment area shape and operational procedures.

The investigation included an extensive literature review, interviews
with key personnel from various Corps Districts, field studies, and
development of computer models for synthesizing flow patterns in dis-
posal areas. Model studies were used in estimating overall hydraulic
efficiencies of various containment shapes, inflow/outflow locations,
and spur dike configurations. All of this information was then inte-
grated to produce recommendations for design of containment areas to
obtain maximum hydraulic efficiency.

14, The relative locations of the inflow pipe and the outflow
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weir were found to have significant effects on the hydraulic efficiency
of the containment area by directly influencing the effective area and
the occurrence and degree of short-circuiting.

15. Consideration was given to the use of spur dikes to increase
the length-to-width ratio and improve hydraulic efficiency in a disposal
area. Flow patterns were determined for various spur dike configura-
tions. Short-circuiting was reduced for all configurations, but the
effect was greater for longer spur dikes. However, to avoid excessive
flow concentration and increased flow velocities through the spur dike
openings, it was determined that the length of the spur dikes should be
approximately 0.75 times the length of the parallel side of the contain-
ment area. One or two spur dikes should usually be sufficient and
three or four should be the maximum number used. A minimum length-to-
width ratio of approximately 5 should be provided for the flow pattern
if possible. A spur dike should not be located close to the weir as it
will have a detrimental effect on the hydraulic efficiency of the con-
tainment area because higher flow velocities will occur and there will
be a possible resuspension of bottom sediment in the vicinity of the

weir.

Literature Review

16. A dredged material containment area performs both clarifica-
tion and thickening functions, Clarification is essentially the same
function as that covered in sanitary engineering literature, but the
thickening function is different in that no concentrated underflow
slurry can be withdrawn from the containment area. The dredged material
containment area must provide adequate storage volume for the thickened
dredged slurry during the disposal activity. The influent suspended
solids concentrations of dredged slurries vary between about 42 and
300 g/% and average about 145 g/%. (See Part IV.)

17. An extensive search was conducted to gather pertinent litera-
ture on known sedimentation theories. The literature was reviewed for
information on settling theories and for research on testing procedures

and equipment used to determine settling velocities for slurries with
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suspended solids in the range mentioned above for dredged material.
Literature on prevailing design procedures was also collected.

18. A review is given in the following paragraphs of available
information on the work leading to the development of the existing
theories for discrete, flocculent, and zone settling. The literature on
discrete particle and ideal settling is included mainly because the
only work to date on the development of design procedures for dredged
material containment areas used the ideal settling approach.h-

19. In 190k, Hazen7 presented the fundamental proposition that
every particle of suspended matter moves downward through the water
column at a velocity that depends on its size and weight and the vis-
cosity of the water. He proposed that each particle settles as if no
other particles are present. From his work he concluded that sedimenta-
tion in a basin would depend on the area of bottom surface exposed to
settling particles and that sedimentation of these particles would be
independent of basin depth. For best results, he recommended that mixing
be minimized in the basin. He discussed short-circuiting as an im-
portant factor in reducing basin efficiency.

20. Coe and Clevenger8 defined four distinct settling zones to

describe the sludge thickening mechanism. These zones are as follows:

a. Zone of clarified water.

b. Zone of uniform concentration which settles at a constant
rate.

c. Transition zone in which the solids concentration in-
creases from that of zone b to that at the top of zone d.

d. Compression zone in which the particles rest upon each

other (the term "consolidation zone" is used in this

report).
They were the first to make the distinction between hindered settling,
in which the settling rate depends on concentration, and settling com-
pression, in which elimination of fluid is a function of time. This
has become a fundamental principle of thickening theory. They also
introduced the concept of each concentration of a suspension having a
certain capacity to discharge its solids. It was explained that, if a

layer has a lower solids handling capacity than the overlying layer, it
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will not be able to discharge solids as fast as they are received and
will necessarily increase in thickness. Coe and Clevenger prescribed a
series of batch settling tests at various concentrations to identify the
solids handling capacity of the limiting layer. Designs were then based
on providing sufficient area to assure that solids would be applied at
a rate less than the solids handling capacity of the limiting layer.
From this work originated the concept of surface area requirements and
scaling up from batch tests. They also developed design equations based
on the assumption that, for a given slurry, settling velocity is a func-
tion only of the solids concentration.

21. Camp9 expanded on Hazen's work and developed the "ideal"
basin concept. He proposed a rational theory of clarification based on
the following assumptions for the "ideal" basin:

a. The direction of flow is horizontal, and both direction
and velocity are the same in all parts of the basin.

b. The concentration of suspended particles of each size is
the same at all points in the vertical plane perpendicular
to the direction of flow at the basin inlet.

All suspended particles maintain their shape, size, and
individuality during settling and settle without inter-
ference. Hence, each particle is assumed to settle at a
constant velocity.

jo

d. A particle is removed when it strikes the bottom.
22. This work by Camp is limited in application to cases where
each suspended particle maintains its individuality and settles at a
constant velocity. In such cases, settling velocities can be determined
by application of Stoke's Law. For ideal conditions, the removal of
solids is independent of basin depth for a given discharge; for particles
which settle at velocities less than the overflow rate, the removal is
directly proportional to the surface area of the basin for a given dis-

charge or inversely proportional to the tank overflow rate. Camp also

stated that since removal is independent of depth for a given discharge
it is also independent of the detention period. These conditions only

apply where each suspended particle maintains its individuality and
settles at a constant velocity. Camp agreed that in an actual basin

conditions could differ greatly from these assumed conditions.
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23. Camp was the first to recognize that gentle mixing promotes
flocculation and more rapid clarification. In cases where flocculation
occurs, Camp recommended that settling velocity analyses be made using
column tests with concentrations being determined with time and at
constant depth intervals along the column.

2k, Kynch10 developed a mathematical approach for analysis of
the thickening operation on the basis that "at any point in a dispersion
the velocity.of fall of a particle depends only on the local concentra-~
tion of particles." This means that for each type of suspension there
is a unique curve relating velocity of fall and local concentration.

The Kynch analysis permits the determination of settling velocity for
any concentration from data obtained in only one batch test. Many re-
searchers feel that the work of Kynch could well have preceded the

1916 work of Coe and Clevenger8 since the limiting solids handling
capacity promoted by Coe and Clevenger is a logical outgrowth of Kynch's
work. Kynch presumed that all particles were of the same size and

shape and that they were uniformly distributed in the horizontal plane.
He did not discuss flocculent particles or the applicability of the
theory to compressible materials. However, in contrast to the suspen-
sion assumed by Kynch, dredged material is comprised of nonrigid floccu-
lent particles. The flocs may combine into aggregate particles whose
size is not necessarily uniform or spherical and is subject to change.

25. Kynch's work has been applied to design procedures in sani-
tary engineering by Talmage and Fitch11 and others. Kynch's procedure
was considered to have great promise for some time and was used in
sanitary engineering texts as the basis for establishing a required area
for thickeners. Dick and Ewing12 and others have found that Kynch's
work is inapplicable for flocculent materials, such as biological
sludges. Fitch,l3 although originally applying the Kynch <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>