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N rEPLY REFER TO:  WESYV 31 October 1977

SUBJECT: Transmittal of Technical Report D-77-19

TO: All Report Recipients

1. The report transmitted herewith represents the results of a study

of dredged material dewatering concepts evaluated as part of Task 5A
(Dredged Material Densification) of the Corps of Engineers' Dredged
Material Research Program (DMRP). It is concerned with developing and/or
testing promising techniques for dewatering and densifying (i.e., reducing
the volume of) dredged material using physical, biological, and/or chemical
techniques prior to, during, and/or after placement in the containment
area.

2. The rapidly escalating requirements for land for the confinement of
dredged material, often in urbanized areas where land values are high,
dictated that significant priority be given within the DMRP to determine
ways to extend the useful life of existing or proposed containment facili-
ties. While increased life expectancy (and related significant cost
savings) can be achieved to some extent by improved site design and opera-
tion and to a greater extent by removing dredged material for use elsewhere,
the attractive approach being considered under Task 5A is to densify the
in-place dredged material. Densification of the material would not only
increase site capacity but also would result in an area more attractive
for various subsequent uses because of improved engineering properties

of the material.

3. The objective of the study reported herein was to investigate and
recommend containment area management practices to promote natural
dewatering of fine-grained dredged material. The purpose of the study
was to provide guidelines for use in the overall design, construction,
and management of confined disposal areas. The study consisted of inter-
views with personnel from Corps of Engineers Districts, visits to dredged
material containment areas, and the use of technology being developed

by the DMRP. Guidelines developed were based on the engineering judgment
of those involved in the study, which did not include laboratory or
formal field research.

4. Results of the study indicated that little is being done to dewater
fine-grained dredged material confined on land. This was not unexpected
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WESYV 31 October 1977
SUBJECT: Transmittal of Technical Report D-77-19

since few economically feasible techniques are generally known. In

many instances the local sponsors are responsible for providing facilities
for dredged material confinement and the District has no control on long-
term site operation.

5. Four general guidelines for containment area management were formulated.
The first guideline is concerned with separating sand and gravel from fine
material during the disposal operation for later removal from the contain-
ment area. The second guideline deals with methods of managing surface
water ponded within the containment area. Guideline three presents concepts
for optimizing evaporative dewatering by selective scheduling of dredging
projects and minimizing the thickness of layers of dredged material within
the containment areas. The fourth guideline deals with management of
containment areas to facilitate the installation of alternative dewatering
techniques such as underdrains or vacuum wellpoints.

6. The results of the study are implementable now by field personmel.
The guidelines will be placed in broader context and included as part of
the overall Task 5A guidelines on dewatering or densifying dredged material.

JOHN L. CANNON
Colonel, Corps of Engineers
Commander and Director
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PREFACE

This report presents guidelines for the management of containment
areas to promote the natural dewatering of fine-grained dredged material.

Conducted between December, 1975, and May, 1977, the study was Work

Unit 5A13 of the Dredged Material Research Program, conducted for the
Office, Chief of Engineers, at the U. S. Army Engineer Waterways Exper-
iment Station (WES), Vicksburg, Mississippi. The work unit is part of
Task S5A, Dredged Material Densification (Dr. T. A. Haliburton, Manager)
of the Disposal Operations Project (C. C. Calhoun, Jr., Manager).

The study was conducted by personnel assigned to the Environmental
Engineering Division (EED) of the Environmental Effects Laboratory (EEL)
at the WES, under the general supervision of Dr. J. Harrison, Chief,
EEL, and Mr. A. J. Green, Chief, EED, and under the direct supervision
of Mr. R. L. Montgomery, Chief, Design and Concept Development Branch,
EED. The principal investigator was Mr. M. J. Bartos, Jr., who wrote
the report.

During the study, COL G. H. Hilt, CE, and COL J. L. Cannon, CE,

were Commanders and Directors of WES. Technical Director was Mr. F. R.

Brown.
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CONTAINMENT AREA MANAGEMENT TO PROMOTE NATURAL
DEWATERING OF FINE~GRAINED DREDGED MATERIAL

PART I: INTRODUCTION

Background

1. In support of waterborne commerce, the U. S. Army Corps of
Engineers (CE) is responsible for maintaining more than 40,000 km of

navigable waterways and 507 ports and harbors throughout the U. S.

Maintenance requires that approximately 230,000,000 m3 of sediment be

dredged annually.l While most (140,000,000 m3) of this material is dis-
posed in open water, a large amount (51,300,000 m3) mast be confined in
land-based dredged material containment areas, necessitating the acqui-
sition of approximately 2,850 ha of land for new containment areas each
year.2
2. Most maintenance dredging is accomplished using hydraulic

dredges that pump dredged material slurry (typically 10 to 15 percent
solids by weight) for disp0sal.l Dredged material from maintenance pro-
jects is often fine-grained and has a high water content after being

pumped into a land-based containment area.l’3

The high water content
causes the dredged material to be very soft, with little or no strength.
Unless dewatered to the consistency of natural soil, the material is of
little value as a construction material, and activities within the con-
tainment area are severely restricted. The high water content of the
dredged material also causes an unnecessarily large portion of a con-
tainment area to be committed to the storuge of the water.

3. These and other problems identified by CE Districts related to
the disposal of dredged material led to the initiation of the Dredged
Material Research Program (DMRP), which was begun in 1973. The objec-
tives of the DMRP are to provide definitive information on the environ-
mental impact of dredging and dredged material disposal operations and

to develop technically satisfactory, environmentally compatible, and
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economically feasible dredging and disposal alternatives, including con-
sideration of dredged material as a natural resource. A significant im-
provement in disposal operations could be to increase the service life
of containment areas by removing excess water and by removing all or
part of the dredged material for productive use.

4. The removal of excess water and a great increase in the poten-
tial for the productive use of fine-grained dredged material can both be
accomplished by dewatering. Johnson et al. report that reducing the
water content of dredged material from twice its liquid limit to its
liquid limit reduces the dredged material volume by 36 to 46 percent,
depending upon the liquid 1imit.)4 Further dewatering causes a less spec-
tacular volume reduction, but results in an improvement in dredged mate-
rial properties to the extent that dewatered dredged material exhibits

the properties of natural soil.3

Purpose and Scope

5. The general purpose of this investigation was to develop con-
cepts and methodologies to increase the storage capacity of dredged mate-
rial containment areas and to improve the properties of dredged material
by removing excess water. More specifically, the study was conducted
to investigate general containment area management as a technique for
promoting the natural dewatering of fine-grained dredged material.

6. Current practice is generally to pump dredged material slurry
into a containment area, allowing the slurry to flow throughout the
area. The effect of the operation on the drying of the dredged material
is rarely considered. Many CE Districts recognize that advantage should
be taken of natural drying processes to prolong the service lives of the
areas. This study was to develop common-sense guidelines for obtaining
the maximum natural drying of fine-~grained dredged material by gravity

drainage, evaporation, and transpiration.

Approach

T. A two-phase approach to the investigation was taken. The first




phase was a survey of available information concerning the land disposal
of dredged mat~rial, and this phase was followed by the development of
guidelines for containment area management. During the first phase per-
sonnel of several CE Districts were interviewed, current literature was
reviewed, and some dredged material containment areas were visited.
Using the information accumulated, the feasibility of containment area
management as a technique for enhancing natural dredged material de-
watering was evaluated. At that time it was felt that several improve-
ments, many site-specific and applicable only in certain circumstances,
could be made in general containment area operations; therefore, the
second phase, to develop containment area management guidelines to in-
corporate these improvements, was begun.

8. During the second phase the guidelines were developed. DMRP
research showed that, under favorable conditions and proper managemel.t,
natural processes were effective for dewatering fine-grained dredged

536’7

material. The factors that influence natural dewatering were taken
into account to develop guidelines for planning disposal operations con-

ducive to natural dewatering.




PART II: SUMMARY AND ANALYSIS OF CURRENT CONTAINMENT
AREA OPERATION AND MAINTENANCE

9. The first phase of this investigation included a survey of CE
District offices and containment areas to evaluate current containment
area management and its impact on the natural dewatering of fine-grained
dredged material. The District survey was supplemented with a review of
current literature dealing with dredged material confinement on land.
The results of the District survey and literature review are summarized
and analyzed in this part of the report to point out the containment-
related problems faced by CE Districts and to serve as a background for
Part III, which describes containment area management concepts for opti-
mizing the natural dewatering of fine-grained dredged material. The
topics discussed in this part of the report include long-range planning,
containment layout and operation, and containment area maintenance.

This information is not intended to be an exhaustive description of
dredged material disposal, but rather is restricted to those aspects of
containment area management that influence the natural dewatering of
fine-grained dredged material. Additional information is available in

the references cited throughout this part of the report.

Planning

10. The District survey indicated that dewatering is generally not
considered in planning dredged material disposal operations, due in part
to the lack of technical information on which to base comprehensive
dewatering plans. Plans generally include not a logical sequence of
operations for dredging, disposing, and dewatering dredged material, but
instead only an estimate of the dredging requirements for the planning
period and the provision of storage capacity adequate for confining the
material dredged during that period. Long-range planning is also
hampered because the Districts often do not own the containment areas

and are not allocated separate funding designated specifically for con-

tainment area operations.

S |




Site ownership

1l. Dredged material containment areas are owned by local sponsors,
dredging contractors, or the Federal government. Containment areas not
owned by the Federal government are difficult to manage effectively be-
cause of the uncertainty of the future availability of the area. The
advisability of containment area improvement (i.e., dewatering, year-
round maintenance, etc.) is questionable when the right to use the con-
tainment area can be withdrawn at any time. Federal ownership of
dredged material containment areas would help justify improved design
and operation because the continuous availability of the area would be
ensured. Federal control of the availability of containment areas (per-
haps most easily achieved through ownership) may be essential to the
successful implementation of the containment area management concepts
presented in Part III. Where Federal ownership is not practical, ease-
ment agreements should be written to allow for year-round management.
Funding

12. Containment area management is also hindered by the lack of
funding designated specifically for containment area operations. Fund-
ing is generally allocated for a specific dredging project and does not
include provision for maintenance of the containment area between dredg-
ing operations. This lack of separate funding for containment area oper-
ation and maintenance can be partially attributed to the non-ownership
of containment areas by the Federal government. The containment area
management concepts presented in Part III require year-round maintenance
at containment areas, and funding designated specifically for contain-

ment area management between disposal operations will be required.

Containment Area Layout and Operation

Shape
13. The District survey and literature review showed that contain-

ment areas can be almost any shape from roughly square to long and nar-
row and that the shape of a particular containment area is generally

dictated by the shape of the land area available. Some containment

10




area shapes are shown in Figure 1; Figure la shows an irregularly shaped

area in the Sacramento District; and Figure 1lb shows two adjacent areas
(one roughly square snd one long and narrow) in the Savannah District.

14. In addition to affecting the hydraulic characteristics of the
containment area, the shape can also facilitate or inhibit some of the
dewatering-related operations described in Part III. Little information
on which to base the design of containment area shape is available, al-
though there is general agreement that long, narrow containment areas
are desirable because they are less susceptible to short-circuiting and
are more easily filled. The San Francisco District has published a
report that suggests a length-to-width ratio of five be used to ensure
adequate detention time.

15. The Detroit District has experienced difficulty in filling its
containment areas completely. One of its containment areas in Toledo
Harbor was so long that most of the dredged material settled from suspen-
sion before reaching the end of the containment area farthest from the
inlet. The result was that the full storage capacity of the containment
area was not utilized, because one end of the containment area could not
be completely filled. This problem affected the natural dewatering of
the dredged material because the unfilled end of the containment area
was lower than the outlet, and water unable to drain to the outlet re-
mained ponded within the containment area (Figure 2), preventing the
evaporative dewatering of the dredged material.

16. Part III of this report describes how some containment area
shapes are useful to facilitate containment area operation and manage-
ment. For example, long, narrow containment areas are more easily
excavated by draglines or clamshells working on the dike crests than
are square areas. Other shapes may be suitable for other uses, but the
design of the shape of a containment area must also include considera-

tion of its hydraulic characteristics and of the shape of the land area.

Size

17. Dredged material containment areas range in size from less

than 5 ha to more than 1,000 ha and range in depth from less than 2m

to more than 10 m. The size of a containment area influences the
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Figure 2. Ponded water trapped in dredged material containment area

detention time of the slurry, and therefore affects effluent water
quality. The detention time of a containment area is also a function of
the dredge production rate and will be different for each size dredge.
In addition, the detention time for a containment area decreases during
the disposal operation as the containment area fills with dredged mate-
rial, reducing the effective depth.

18. Containment areas are currently sized by the use of a bulking
factor,9 an empirical factor that relates the shoal volume of the mate-

rial to the volume it is expected to occupy after being pumped into the

containment area. DMRP research iz currently under way to develop a more

suitable method for sizing dredged material containment areas to meet
effluent water-quality requirements.10
19. The impact of the size of a containment area on dewatering

the dredged material therein is related to the thickness of the 1lift of

13
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dredged material; a large surface area is required for placing thin
lifts,* which can be dewatered by evaporation (Part III). Sizing is
also an important consideration in designing compartmented containment
areas. Part IIT will show that the division of large areas into several
compartments can be advantageous for effective management, and each com-
partment must be carefully sized to act as an individual containment
area.

Inlets and outlets

20. Inlet types. The end of the dredge discharge pipe located in
a containment area is the inlet. An inlet may be permanent, such as the
hopper pumpout facility shown in Figure 3, or may be temporary, as in
the case of a length of dredge pipe that is removed when the disposal
operation is complete. Inlets can be single or multiple; multiple in-

lets can be controlled by a Y-valve or uncontrolled as a manifold

(Figure k).

Figure 3. Hopper dredge pumpout facility

* Tn this report the term "thin 1lift" refers to a 1lift of about 0.3 m.
This is based on DMRP research”? that concluded that for the maximum
evaporative dewatering, dredged material should be placed in lifts
not greater than 0.3 m thick.
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Figure 4. Multiple inlets

21. Outlet types. Drop-type outlets are used at most containment

areas. In recent years vertical sand filter drains have been used in
some areas. Drop-type outlets allow water to pass over a stop-log weir
for discharge through one or more pipes. A drop-type outlet with a
corrugated metal pipe riser is shown in Figure 2, and other drop-type
outlets are shown in Reference 9. Containment areas in the Great Lakes
area are often constructed by diking in water, forming a peninsula;
these areas sometimes have vertical sand filter drains as outlets
(Figure 5). Effluent from the containment area passes vertically down-
ward through the filter media and is discharged through holes in the

side of the drain. This type outlet is designed to remove suspended

15
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Figure 5. Dredged material containment facility proposed for
Milwaukee Harbor, Wisconsin. Vertical sand drain filter cell
shown in Section A-A9

solids from the effluent. Filter media evaluation and design procedures
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are reported in Reference 11.
22. Locations. The inspection of several containment areas and
' the interviews with District personnel revealed that the following
rationale for locating containment area inlets and outlets is common

throughout the CE:

, a. Outlet structures (seldom more than three) are located at 1
low spots on the perimeter of the containment area as

near as practical to the body of water to which effluent

is to be dischargei.

- b. After the outlet locations have been specified, inlets
(dredge discharge pipe and extension(s)) are located on
the perimeter as far from the outlet(s) as possible, while
being located as near as possible to the dredge to reduce
pumping distance.

c. Inlets are extended into the containment area far enough

! |




to ensure that the slurry cannot flow along the toe of the
dikes and cause erosion that could result in a dike
failure.

While this rationale may be effective for reducing short-circuiting and
for decreasing pumping distances, other combinations of inlet and outlet
locations, such as locating the inlet in the center of the area, may be
useful in containment area management for dewatering dredged material.
These combinations are given in Part III of this report.

Compartments

23. The use of cross dikes to divide a containment area into two
or more compartments is a fairly common practice throughout the Corps.
The intention is generally to improve effluent water quality; one proce-
dure is to use the compartments in series, another is to use them in
parallel. In the series operation the flow is introduced into the first
compartment, which acts as a primary sedimentation basin. The effluent
from the first compartment flows into a second (and sometimes a third
and fourth) compartment for further settling to meet effluent water-
quality standards prior to discharge.

24, When compartments are operated in parallel (Figure lc), slurry
is pumped into one compartment until it is filled. The flow is then
directed to the second compartment, so that settling occurs in the first
compartment while the second is being filled. After surface water is
decanted, slurry is again pumped into the first compartment. The flow
is thus alternated between the compartments throughout the disposal
operation.

25. The San Francisco District has published a report8 that de-
scribes a containment area management plan to operate several primary
compartments in parallel, with the effluent from the primary compart-
ments being drained to one of two secondary compartments (in parallel)
that are operated in series with the primary compartments. The objec-
tive of this arrangement is to facilitate the placement of thin lifts
of dredged material without violating effluent water-quality standards.
This and other concepts for the evaporative dewatering of dredged mate-

rial are described in Part III of this report.
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! 26. The Chicago District once divided a containment area into four
compartments (Figure 1d) to be operated in series. The slurry was
pumped into the first compartment, and the effluent was allowed to over-
flow into the second compartment. As the disposal operation progressed,
the second and third compartments became filled; and the flow (still be-
ing pumped into the first compartment) was passing through all compart-

‘ : ments before being discharged into the fourth compartment. From the

| standpoint of dewatering, this operation was ineffective because the

| dredged material in all compartments (some of which were filled) con-
stantly contained surface water so that no evaporative dewatering was
allowed. The management of compartmented areas for effective dredged

material dewatering is discussed in Part III of this report.

Maintenance

27. The maintenance of dredged material containment areas between
disposal operations is generally restricted to dike raising, partly be-
cause funding for maintenance is unavailable and partly because District
personnel are unsure of what maintenance is required. Except for dike

‘ raising between disposal operations, a common practice throughout the

CE is to neglect containment areas when they are not being actively used,
that is, when no disposal operation is in progress. In the following
paragraphs, the dike raising procedures of two Districts, Charleston and
Philadelphia, are described; other maintenance, especially surface water
removal, is described in Part III.

Charleston District

28. At the Daniel Island containment area the Charleston District
raises the dikes using dredged material excavated from within the area.
A dragline on the dike crest excavates a shallow trench parallel to the
dike (Figure 6), and the excavated material is placed on the dike slope
to dry. The trench drains surface water and groundwater to the outlets
or to breaches in the dikes, and the dredged material begins to dry by
evaporation. The area between the trench and the dike is stabilized

somewhat as the water table is drawn down slightly by evaporation and

seepage to the trench.
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Figure 6. Perimeter trenching to dry dredged material
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29. A second dragline, supported on double mats, located in the
stabilized area between the trench and the dike, and working approxi-
mately 2 km (2 to 4 weeks) behind the first dragline, excavates a second,
deeper (2 to 3 m) trench parallel to the first. The dredged material
excavated from the second trench is placed beaind the dragline in the
area between the first trench and the dike. After the material exca-
vated from the second trench has dried, it is placed on the dike by a
dragline. A bulldozer shapes and compacts the material to form the
raised dike section.

30. After the dikes have been raised the two trenches continue to
drain rainfall runoff, avoiding the formation of a surface pond that
would prevent the evaporation of water from the dredged material. Keep-
ing the dredged material surface free of ponded water is an important
maintenance operation that should be continued throughout the life of
the containment area, as explained in Part III of this report.

Philadelphia District

31. At the Wilmington Harbor-Edgemoor containment area the Phila-
delphia District raises the dikes by a method similar to that used by
the Charleston District. The first step in the dike raising procedure
(Figure 7) is to excavate a trench parallel to the perimeter dike. This
trench is excavated by a dragline working from the dike crest; the exca-
vated dredged material is placed on the interior dike slope to dry. The
trench drains the surface water within the containment area to the out-
lets or through breaches made in the perimeter dike. The trench also
helps lower the water table; in one 10-month period, the water table was
lowered more than one metre at the Wilmington Harbor-Edgemoor contain-
ment area.

32. After the perimeter trench has been constructed and the exca-
vated dredged material has dried, the trench is backfilled with the
dried dredged material. The backfilled trench is then used as a stable
base for the dragline, which travels on the backfill around the perim-
eter of the containment area, excavating material from the interior of
the area. This excavated dredged material is placed on the dike, dried,

shaped, and compacted to raise the dike. The excavation for the dike
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raising material forms a perimeter trench that is used to drain rainfall
runoff from the area. The Philadelphia District has used this procedure
to raise dikes 4 m in two lifts of 2 m each.

33. The Charleston and Philadelphia District methods have advan-
tages over the use of borrow material. Dike raising is designed to in-
crease the storage capacity of a containment area by deepening it; using
dredged material for dike raising increases the storage capacity by the
amount gained by raising the dikes and also by the amount gained by re-
moving the dredged material. The trenches that are excavated to provide
material with which to raise the dikes are useful for surface drainage

and for lowering the water table somewhat.12
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PART III: CONCEPTS FOR CONTAINMENT AREA
DESIGN, OPERATION, AND MANAGEMENT

34. 1Investigations conducted during this and other DMRP studies
show that for various reasons little effective effort is being applied
to dewater fine-grained dredged material confined on land. A review of
available literature and a survey of CE Districts revealed that contain-
ment area design, operation, and management are usually accomplished
without regard to dredged material dewatering. The purpose of this part
is to present and discuss containment area design, operation, and manage-
ment concepts that promote dredged material dewatering by the natural
processes of gravity drainage, evaporation, and transpiration, and that
are adaptable to the incorporation of alternative dewatering techniques.

35. The first phase of this investigation showed that the diffi-
culties experienced by CE Districts trying to operate and manage dredged
material containment areas could be attributed in part to institutional
factors including the lack of effective long-range planning, the lack of
separate funding for containment area operation and maintenance, the
inability to provide year-round maintenance at containment areas, and
the lack of Federal containment area control. Long-range planning has
been hindered by land acquisition difficulties, by the lack of planning
information (e.g., containment area sizing method, dewatering technology,
etc.), and by the other institutional factors, which have been similarly
intensified by their interdependence.

36. The management concepts presented in this part are arranged
into specific guidelines for dredged material dewatering (Figure 8).
These guidelines present information related to the different phases of
dredged material dewatering including separation of the free-draining,
coarse-grained fraction and the natural and artificial dewatering of the
fine-grained fraction, which is not free-draining. The discussion in
this part is oriented toward the dewatering of maintenance dredgings,
which are characteristically comprised predominantly of fine-grained

,3

particles. The objective of each guideline is stated in terms of the

intended effect on dredged material dewatering. The advantages,
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Figure 8. Interrelationships among containment
area management guidelines
disadvantages, and other considerations of alternative concepts for im-
plementing each guideline are presented for use in making decisions asso-
ciated with containment area design, operation, and management.

37. The concepts presented in this report are designed specifically
for dredged material dewatering, but they must also be environmentally
sound. Although not explicitly stated, environmental considerations are
of paramount importance in containment area management. The concepts
may sometimes appear to conflict with environmental contraints, but
sound judgement in designing containment area management plans will
result in effective dewatering without compromising environmental ob-
Jectives. For example, rapid surface drainage after disposal operation
is desirable for dewatering, because it allows the initiation of sur-
face drying; but it may not allow time for settlement of all fine par-
ticles and may resuspend settled material. By delaying surface drain-
age until settling is essentially complete and then withdrawing water
carefully, excessive suspended solids will not be carried from the
containment area. Effluent water-quality requirements will have been
met, and the water will have been removed as rapidly as practical.

38. The effectiveness of implementing the concepts presented in
this part of the report will be highly dependent upon the ability of the
CE to alleviate the difficulties that have historically plagued dredged

material containment activities. Long-range planning, separate funding,
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effective Federal control, and year-round maintenance of dredged material
containment areas will each contribute to the success of effective con-
tainment area management. The justification for these measures will be
effective long-range management, as opposed to the piecemeal operations
that have too often characterized dredged material containment in the

past.

Guideline 1: Separation of Sand and Gravel

39. Dredged slurry being pumped into a containment area can in-
clude a wide range of particle sizes that can be classified in one of
two broad and indistinctly separated categories: coarse-grained (sand
and gravel) or fine-grained (silt and clay). Fine-grained dredged mate-
rial is difficult to dewater, while coarse material is relatively free-
draining. The purpose of this guideline is to present information con-
cerning the separation of the coarse-grained material from the fine
material and to assess the impact of separation on dredged material de-
watering. Natural segregation and artificial separation systems are
briefly described, and uses for separated coarse material to dewater
fine material are discussed.

Methods for separa-
tion of coarse material

40. Natural segregation. As dredged slurry is pumped into a con-

tainment area, a mound of coarse material is often formed near the dis-
charge pipe. This material forms a relatively porous deposit consisting
of sand, gravel, clay chunks, and miscellaneous trash. In some cases
silty material is also deposited in the mound, and in others sandy mate-
rial is deposited some distance away. The characteristics of the
mounded material, that is, the types of material deposited near the
dredge pipe, are dependent upon the hydraulics of the system and the
settling characteristics of the slurry solids.

41. Selective dredging/feeding. Selective feeding involves plac-

ing sand and gravel into a specially designated basin, while fine-

grained and mixed coarse and fine dredged material is pumped to a
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conventional containment area (Figure 9). Selective dredging is a

planned operation in which layers of sand and gravel within a shoal are
dredged and pumped into a special basin, while the remainder of the

shoal is placed into a conventional containment area (Figure 10). Selec-
tive dredging and selective feeding differ in regard to the type situa-
tion to which each is applicable; selective feeding applies when coarse
and fine materials exist in separate shoals, while selective dredging
would be used to separate stratified shoals into coarse and fine

fractions.

k2. Separation basins. Another method for separating coarse mate-

rial is to use two or more containment areas in series, the first area
being hydraulically designed so that only coarse material will settle,
while the remainder of the slurry continues into the next area. Refer-
ence 13 presents detailed information concerning the design and opera-
tion of separation basins. Some concepts for separation basins are
summarized in Table 1.

43. Hydraulic separation equipment. Reference 13 also presents

detailed information about the use of hydraulic equipment for separation.
‘ Hydrocyclones, inclined tube settlers, spiral classifiers, and other

pieces of equipment are all discussed, and some concepts are summarized
in Table 2.

Use of coarse fraction
to dewater fine fraction

L4, If loading and drainage techniques (temporary surcharging,
horizontal sand blankets, etc.) can be effectively used to dewater fine-
grained <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>