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1. Purpose. This manual provides guidance for planning, designing, con-
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CHAPTER 1
[ NTRODUCTI ON

1-1. Purpose. This manual provides guidance for planning, designing, con-
structing, operating, and managing confined dredged material disposal areas*
to retain suspended solids during disposal operations and to provide adequate
storage volune for both short-term and |ong-term disposal needs.

1-2. Applicability. This nmanual applies to all field operating activities
concerned with adm nistering Corps dredging prograns.

1-3. References. The references listed bel ow provide guidance to personne
concerned with design, construction, operation, and managenent of dredged
material contai nment areas

a. ER 200-2-2

b. ER 1105-2-10

¢c. ER 1105-2-20

d. ER 1105-2-50

e. ER 1110-2-1300

f. EM 1110-1-1802

g. EM 1110-2-1902

h. EM 1110-2-1903

i. EM 1110-2-1906

j.  EM 1110-2- 1907

k. EM 1110-2-1908

. EM 1110-2-1911

m EM 1110-2-2300

n. EM 1110-2-5025

0. Hydraulics Design Criteria Sheets 224-1/2 to 224-1/4. Available from
Wat erways Experinent Station, P.O Box 631, Vicksburg, MS 39180

* The terms "confined disposal area," "confined disposal site," "diked dis-
posal area, " "containment area," and "confined disposal facility" all refer
to an engineered structure for containment of dredged material
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EM 1110-2-5025 is an overview of Corps dredging and dredged material disposa
practice. This manual supplenents EM 1110-2-5025 by providing detail ed guid-
ance for confined dredged material disposal

1-4.  Bibliography. Bibliographic references are indicated as needed in the
text and are listed in Appendix A The US Arny Engineer Waterways Experinent
Station (WES) reports listed in the Bibliography may be obtained fromthe
Technical Information Center, US Army Engi neer Waterways Experinent Station

PO Box 631, Vicksburg, M5 39180-0631. They are available for l|oan by request
from the WES Technical Information Center Library. |In addition, copies of the
reports are avail able through the National Technical Infornation Service
(NTI'S), 5285 Port Royal Road, Springfield, VA 22161

1-5. Background

a. General. In fulfilling its nission to naintain, inprove, and extend
wat erways and harbors, the US Army Corps of Engineers (CE) is responsible for
the dredging and disposal of large volunes of dredged naterial each year.
Dredging is a process by which sedinents are removed fromthe bottom of
streans, rivers, lakes, and coastal waters; transported via ship, barge, or
pi peline; and discharged to land or water. Annual quantities of dredged nate-
rial average about 300 nmillion cubic yards* in maintenance dredging operations
and about 100 million cubic yards in new work dredgi ng operations with the
total annual cost now exceeding $500,000,000. Much of this volune is placed
in aquatic disposal sites, in wetlands creation or nourishment, or in uncon-
fined disposal areas. Although no breakdown of these figures is routinely
nmai nt ai ned, about 30 percent of the total maintenance volune, or 90 mllion
cubic yards, is placed in diked disposal areas annually. This figure includes
the mpjority of the maintenance for mgjor ports along the Atlantic and gul f
coasts and nunerous harbors on the Geat Lakes. The magnitude of confined
dredged material disposal requires careful planning, design, construction, and
managenent of containment areas that are conpatible with future | and-use goals
and ensure environnmental protection.

b.  Scope.

(1) Confined disposal sites are engineered structures designed to pro-
vide required storage volunme and to neet required effluent solids standards.
This manual provi des guidelines for designing, operating, and nmanagi ng dredged
material containment areas. These guidelines are applicable to the design of
new contai nnent areas as well as the evaluation of existing sites, and they
include data collection and sanpling requirements, description of testing pro-
cedures, and design, operational, and management procedures.

(2) The testing procedures described in this manual include colum tests
necessary for sedinentation design, chemical clarification for inprovenent of
effluent quality, and consolidation tests for evaluating |ong-term storage
capacity. Design procedures include the consideration of dredged materia

* The US customary units of measurenment are used in lieu of metric (SI)
units for those cases common in dredging practice. Mtric (SI) units are
used in this report when consistent with standard usage
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sedinentation and consolidation/dewatering behavior and potential consolida-
tion of foundation soils. Quidelines for containment area design for sedi-
mentation were developed primarily for fine-grained material generated in

mai nt enance dredging operations. Factors that inprove containment area effi-
ciency are presented and include weir design and location, effects of area
size and shape, and use of interior spur dikes. Quidelines for containnent
areas during the dredging operation include weir operation and maintenance of
adequate ponding depth. Cuidelines for containment area managenent before,
during, and after dredging operations to naxinize sedinmentation efficiency and
| ong-term storage capacity are also presented. In addition, the manual con-
tains guidance on the design of chemical clarification systems for renoval of
addi tional suspended solids that are not effectively elimnated by gravity
settling. Quidance is also provided on the design of containment area diKkes,
Many of the design procedures in this manual have been incorporated into the
Automat ed Dredging and Di sposal Alternatives Managenent System (ADDAMS), a
centralized conputer-program and data managenent system (item 19).

(3) Although not specifically covered in this manual, guidelines have
been devel oped for odor control, for nosquito and other insect control, and
for mininmzing the adverse visual inpact of disposal areas and aspects of con-
fined disposal for contam nated sedinents. These factors should be considered
in the earliest planning and design stages and carried through during con-
struction and managenent phases. Information on these specialized topic areas
is found in the Bibliography (items 9, 12, 17, 18, and 23).

c. Authority. The authority for inplenmenting the planning, design, and
operation and nanagenent approaches described in this manual is recognized in
Section 148 of PL 94-587: Sec. 148:

The Secretary of the Arny, acting through the Chief of Engineers,
shall utilize and encourage the utilization of such managenent prac-
tices as he deternines appropriate to extend the capacity and useful
life of dredged material disposal areas such that the need for new
dredged material disposal areas is kept to a mininmm Mnagenent
practices authorized by this section shall include, but not be Iim
ited to, the construction of dikes, consolidation and dewatering of
dredged material, and construction of drainage and outflow
facilities.

Authority to inplenent management practices under Sec. 148 may be linmited in
sone instances. If the disposal area is Federally owned, managenent practices
can be pursued under Sec. 148. If the site is owned by others or if dikes are
provided by others (such as the project sponsor), authority under Sec. 148 may
be limted. Also, In some cases, the ownership of dredged material (once
removed from the navigation channel) is in question. Current Corps policy on
i mpl enentation of Sec. 148 should be deternined on a case-by-case basis.

1-6. Considerations Associated with Confined Dredged Material Disposal.

a. Diked containment areas are used to retain dredged material solids
while allowing the carrier water to be released from the containnment area.
The two objectives inherent in the design and operation of a containment area
are to provide adequate storage capacity to neet dredging requirenents and to
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attain the highest possible efficiency in retaining solids during the dredging
operation in order to neet effluent suspended solids requirements. These con-
siderations are basically interrelated and depend upon effective design, oper-
ation, and managenent of the containnent area

bh. The major conponents of a dredged material containnment area are shown
schematically in Figure 1-1. Constructed dikes form a confined surface area
and the dredged channel sedinents are nornally punped into this area hydrau-
lically. Both the influent dredged material slurry and effluent water can be
characterized by suspended solids concentration, suspended particle size gra-
dation, type of carrier water (fresh or saline), and rate of flow.

C. In sone dredging operations, especially in the case of new work
dredging, sand, clay balls, and/or gravel nay be present. This coarse mate-
rial (>No. 200 sieve) rapidly falls out of suspension near the dredge inlet
pipe, formng a mound. The fine-grained material (<No. 200 sieve) continues
to flow through the containment area with nost of the solids settling out of
suspensi on, thereby occupying a given storage volume. The fine-grained
dredged nmmterial is usually rather honpbgeneous and is easily characterized

d. The clarified water is usually discharged from the containnment area
over a weir. 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 weir length provided. To promote effective

MOUNDED COARSE-GRAINED

/DREDGED MATERIAL

w1 WEIR

EFFLUENT

INFLUENT AREA FOR SEDIMENTATION

PLAN

INFLUENT

—:> PONDING DEPTH

AREA FOR SEDIMENTA TION

FREEBOARD

WEIR

COARSE-GRAINED
DREDGED MATERIAL

AREA FOR FINE-GRAINED

DREDGED MATERIAL STORAGE EFFLUENT

CROSS SECTION

Figure 1-1. Conceptual diagram of a dredged
material contai nment area
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sedi nentation, ponded water is maintained in the area with the depth of water
controlled by the elevation of the weir crest. The thickness of the dredged

| ayer increases with tine until the dredging operation is conpleted. M ninmm
freeboard requirenents and nounding 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 sur-
face area effectively involved with the flow to considerably |ess than the
total ponded surface area.

e. Effluent standards may be inposed as a requirenent for water quality
certification. Standards in terns of suspended solids or turbidity may be
used. Procedures in this mnual allow containment areas to be designed to
meet such effluent standards.

f. In most cases, confined disposal areas must be used over a period of
many years, storing material dredged periodically over the design life. Long-
term storage capacity of these areas is therefore a major factor in design and

managenent.  Consolidation of the layers continues for long periods follow ng
di sposal, causing a decrease in the volume occupied by the layers and a corre-
spondi ng increase in storage capacity for future disposal. Once water is

decanted from the area follow ng active disposal, natural drying forces begin
to dewater the dredged material, adding additional storage capacity. The
gains in storage capacity are therefore influenced by consolidation and drying
processes and the techni ques used to nanage the site both during and follow ng
active disposal operations.
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CHAPTER 2
FI ELD | NVESTI GATI ONS
2-1. Ceneral. Field investigations are necessary to provide data for con-

tai nment area design. The channel nust be surveyed to determne the vol une of
material to be dredged, and channel sedinments nust be sanpled to obtain mate-
rial for laboratory tests. Site investigations must be conducted to provide
information for dike design and 'evaluation of potential foundation settlenent,
an i nportant paranmeter in long-termstorage capacity estimates. This chapter
of the manual describes field investigations required to obtain the necessary
sanples for laboratory testing. The methods in common use for determ ning

vol umes of channel sedinment to be dredged are well known and are not descri bed
in this manual. Basic considerations regarding sanpling and vol une determ na-
tion are described in EM 1110-2-5025. The potential for the presence of con-
tam nants shoul d be eval uated when planning field investigations, and
appropriate safety neasures should be considered

2-2.  Channel Sedinent |nvestigations.

a. Sanmple Type and Location.

(1) Sanples of the channel sedinments to be dredged are required for ade-
qguate characterization of the material and for use in laboratory testing. The
| evel of effort required for channel sedinent sanpling is highly project-
dependent. In the case of routine maintenance work, data from prior sanplings
and experience with simlar material may be available, and the scope of field
investigations may be reduced. For unusual maintenance projects or new work
projects, nore extensive field investigations will be required.

(2) For maintenance work, channel investigations may be based on grab
sanpl es of sedinment. Since bottom sedinents are in an essentially unconsoli-
dated state, grab sanples are satisfactory for sediment characterization pur-
poses and are easy and inexpensive to obtain. Gab sanmpling may indicate
relatively honogeneous sediment conposition, segregated pockets of coarse- and
fine-grained sediment, and/or mxtures. |f segregated pockets are present
sanpl es should be taken at a sufficient number of locations in the channel to
adequately define spatial variations in the sedinent character. In any case
results of grab sanpling nmust allow estimation of the relative proportions of
coarse- and fine-grained sedinents present. Caution should be exercised in
interpreting conditions indicated by grab sanples since sediment surface sam
ples do not indicate variation in sedinent character with depth. For nore
detailed information, additional sanples may be taken using conventiona
boring techniques.

(3) Water sanples should be taken at several |ocations near the
sediment-water interface in the area to be dredged. Subsequent salinity tests
on these sanples indicate whether the dredging will be done in a freshwater
or saltwater environnent. Potential changes in salinity because of tides or
seasonal flooding should also be considered
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(4) Sanples of sediment taken by conventional boring techniques are nor-
mally required only in the case of new work dredging. Based on information
gained frominitial grab sanpling, locations for borings should be selected
Sampl es should be taken fromw thin the major zones of spatial variation in
sedi ment type or along the proposed channel center line at constant spacing to
define stratification within the material to be dredged and to obtain repre-
sentative sanples. Borings should be advanced to the full depth of antic-

i pated dredging if possible. This is nornally done on a routine basis for new
work projects to indicate the type of material to be dredged and the degree of
dredging difficulty, since this information is required for the dredging con-
tractor to use as a basis for bidding on the project. Test pits using a
clamshel | dredge can al so prove useful for accessing dredgability and can be
used to obtain larger sanmple quantities.

(5) Vibracore sanplers have al so proved successful in obtaining core
sanpl es of sedinments. The Vibracore sanpler is not a standardi zed piece of
equi pment, but it usually consists of a core-barrel and a vibratory driving
mechani sm mounted on a four-legged tower guide and platform The entire
assenmbly is |lowered to the sediment surface bel ow the water by a crane/cable
hoi st system After the device has been accurately positioned on the bottom
conpressed air is supplied to the vibratory unit through flexible hoses
extending from the floating plant down to the Vibracore. Upon application of
the conpressed air, the oscillating hamver (vibrator) propels the core-barre
into the subbottom naterials. The Vibracore can be equipped with a penetra-
tion recording device that will provide a record of the penetration depth and
tim. After the core-barrel has been extended to its full length, the sanpler
is retracted from the sedinment and returned to the floating plant deck. The
removabl e plastic core-barrel containing the sanple is then renoved fromthe
sanpling device, and the ends are capped for sanple preservation. Typically
3-inch-dianeter cores of up to 20 feet in length are obtained; sone devices
may be nodified to take sanples of 30- or 40-foot |lengths. This device is
generally used to sanple sands. It has also been used to sanple sone fine-
grained materials

(6) Pertinent information regarding sedinment sanplers is summarized in
Table 2-1. Grab sanplers as described in Table 2-1 will allow retrieval of
sufficient sedinent to performcharacterization tests and sedi mentation and
consolidation tests, if required.

b. Sample Quantity.

(1) The quantity of sedinent sanples to be collected should be deter-
m ned by the designer, based on the requirenents for the | aboratory tests to
be performed. A quantity of sediment sufficient to performthe necessary
characterization tests and to provide some material for the conposite sanple
for the colum settling tests described in Chapter 3 should be collected from

each established sampling point. If at all possible, the sampling efforts
shoul d be coordinated with other requirenents for determining the presence of
contaminants or for contaminant-related testing. In this case, appropriate

procedures for sanple collection, handling, and preservation should be fol-
| owed. For grab sanples, it is recomended that at |east 5 gallons of sedi-
ment be collected at each sanpling station. Five-gallon containers are
general |y recomended for collecting all grab sanples; since nost sanpling
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Table 2-1
Summary of Sedinment Sanpling Equi prent
Sanpl er Wi ght Remar ks
Pet er son 39-93 1b Sanpl es 144-in.2 area to a
depth of up to 12 in.,
depending on sedi nent
texture
Shi pek 150 I'b Sanpl es 64-in.2 area to a
depth of approximtely
4 in.
Ekman 91b Suitable only for very
soft sedinments
Ponar 45-60 |Ib Sanpl es 81-in.2 area to a
depth of less than 12 in.
Ineffective in hard clay
Drag bucket Varies Skinms an irregular slice
sedi ment surface. Avail-
able in assorted sizes
and shapes
Phl egar tube #%?im:fi::i::) Vari abl e Shal | ow core sanples may
a— e 17-77 1b; be obtained by self-
fixed in wei ght penetration and/
excess of or pushing from boat
90 Ib Depth of penetration de-

Conventi ona

soi |

sanpl ers

pendent on wei ght and
sedi ment texture

Conventional soil sanplers
may be enpl oyed using
barge- or boat-nounted
drilling equipnment. Core
sanples attainable to
full depth of dredging
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will be performed from small notorboats, containers of this size are about the
| argest that can be handled efficiently. For core sanples, a cornpositing
scheme nust be devel oped, depending on the number of cores taken, size of
cores, and nature of the naterial

(2) A smaller sanple of sedinent should be collected fromeach fine-
grained grab sample and placed in a small (about g-ounce) watertight jar for
water content and specific gravity tests. Care should be taken to collect
smal | sedinment sanples that are representative of the sedinent sanple as a
whole. Simlar procedures for core sanples are standard soil sanpling
practice.

(3) After the characterization tests have been perfornmed on sanples from
each sanpling point, sanples can be conbined to nmeet requirements for the set-
tling tests described in Chapter 3. Approximately 15 gallons of channel sedi-
ment is required to perform the colum settling tests.

c. Sanple Preservation.

(1) The laboratory tests described in this manual do not require
sophi sticated sanple preservation measures. There are two requirenments

(a) Collect the sanples in airtight and watertight containers.

(b) Place the sanples in a cold room (6° to 8 C wthin 24 hours after
sampling until the organic content can be determned. |If the organic content
is above 10 percent, the sanples should remain in the cold room until testing
is complete; otherw se, the sanples need not be stored in the cold room The
in situ water content of the small sanples nust be naintained. These sanples
should not be allowed to drain, nor should additional water be added when they
are placed into the containers.

(2) Al sanple containers should be clearly identified with |abels, and
the sanmple crew should keep a field log of the sanpling activity. Laboratory
testing should be acconplished on the sanples as soon as practicable after

sanpl i ng.

2-3. Containnent Area |nvestigations.

a. Field investigations nust be performed at the containment area to
define foundation conditions and to obtain sanples for |aboratory testing if
estimates of long-term storage capacity are required. The extent of required
field investigations is dependent upon project size and upon foundation con-
ditions at the site. It is particularly inportant to define foundation condi-
tions (including depth, thickness, extent, and conposition of foundation
strata) ground-water conditions, and other factors that may influence con-
struction and operation of the site. For new containnent areas, the field
investigations required for estimating long-term storage capacity should be
pl anned and acconplished along with those required for the engineering design
of the retaining dikes as described in Chapter 6.

b. For existing containnent areas, the foundation conditions may have
been defined by previous subsurface investigations made in connection with
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di ke construction. However, previous investigations may not have included
sanpling of conpressible soils for consolidation tests; in nost cases, suit-
abl e sanples of any previously placed dredged material would not be available.
Field investigations nust therefore be tailored to provide those itens of
information not already available.

¢c. Undisturbed samples of the conpressible foundation soils can be
obt ai ned using conventional soil sanpling techniques and equi prment. |f
dredged naterial has previously been placed within the containment area
undi st urbed sanpl es nust be obtained from borings taken within the containment
area but not through existing dikes. The mmjor problem in sanpling existing
contai nnment areas is that the surface crust will not normally support conven-
tional drilling equipnment, and personnel sanpling in these areas nust use cau-
tion. Below the surface crust, fine-grained dredged material is usually soft,
and equiprment will sink rapidly if it breaks through the firmer surface.
Li ghtweight drilling equipnent, supported by mats, will normally be required
if crust thickness is not well developed. |In some cases, sanpling may be
acconplished manually if sufficient dried surface crust has forned to support
crew and equiprment. More detailed information regardi ng equi pnent use in con-
tainment areas nmay be found in Appendix I.

d. Water table conditions within the containnent area nust be detern ned
in order to estimate |oadings caused by placement of dredged naterial. This
information must be obtained by nmeans of piezoneters, which may also be used
for neasurement of ground-water conditions during the service life of the
area. (Oher desired instrumentation such as settlenent plates may also be
installed within the containment area for nonitoring various paraneters.

e. Additional infornation regarding conventional sanpling techniques
and equi pnent and devel opnent of field exploration prograns is given in
EM 1110-2-1907 and in Chapter 6 of this manual. Procedures for installation
of piezoneters and other related instrunentation are given in EM 1110-2-1908

2-4. Site Selection for Avoidance of Gound-Water |npacts

a. As water percolates through in-place dredged material, |eachate may
be produced. This |leachate water may be the result of precipitation or
entrained water resulting from the dredging operation. Available data for the
characterization of |eachate produced from dredged material are very limted.
Potential adverse water quality inpacts will nost likely be caused by the
i ncreases of chloride, potassium sodium calcium total organic carbon, alKka-
linity, iron, and nmanganese. These factors should be considered even for
dredged material that is considered uncontamnated. This is especially true
if a saltwater dredged nmaterial may be placed over a freshwater aquifer.

bh. Site location is an inportant, if not the nost inportant, consider-
ation in mnimzing any adverse inpact to underlying ground water. Selection
of a technically sound site may reduce or elinmnate the need for any restric-
tions or controls. Site characteristics affecting ground-water inpacts are
presented in Table 2-2. Site characteristics that are particularly inportant
in the evaluation of ground-water inpacts at potential upland disposal sites
are discussed in the follow ng paragraphs:
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Table 2-2
Site Characteristics Affecting Gound-water |npacts
Site vol unme Depth to bedrock
Site area Depth to aquicludes
Site configuration Direction and rate of

Dr edgi ng net hod ground-water flow

Climate (precipitation, tenmperature Bxisting land use

wi nd, evaporation) Dept h of ground water
Soi |l texture and perneability Ecol ogi cal areas
Soi|l noisture Drinking water wells
Topogr aphy Receiving streams (lakes, rivers,
Dr ai nage etc. )

Veget at i on Level of existing contamnation

Nearest receptors

(1) Location. Wiile the significant characteristics of a given site are
usual l'y unique, useful hypotheses about pathways of nigration and estinates of
paraneters needed to calculate migration rate can often be devel oped from
avai |l abl e regional data and keyed to | ocation, topography, surface drainage
patterns, flood potential, subsurface stratigraphy, ground-water flow pat-
terns, and climmte.

(2) Topography. Topographic variables are inportant in evaluating sur-
face drainage and run-on and runoff potential of the site. This information
woul d be hel pful in determning the anount of water that may be available to
percol ate through the in-place dredged material.

(3) Stratigraphy. The nature of subsurface soils, determined by examn -
nation of soil core borings to bedrock, is an important input to evaluation of
pat hways of migration in both the unsaturated and saturated zones.

(4) Gound-water levels (equipotential surfaces). Seasonal maps of
wat er table contours and piezonetric surfaces, devel oped by anal ysis of
ground-water nonitoring well data, are inportant in predicting ground-water
flow directions and hydraulic gradients, as these can vary greatly at upland
or nearshore sites.

(5) Gound-water flow. Information on perneability and porosity of sub-

surface strata, conbined with data on hydraulic gradients, is inportant in
predicting ground-water flow velocities and direction.
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(6) Meteorology and climate. Precipitation, including annual, seasonal,

or monthly rain and snowfall, is an inportant paraneter in determning a water
bal ance for the site and in evaluating |eachate potential. Evapotranspiration
is also important in developing a water balance for the site. It is often

estimated fromtenperature and the nature of vegetative growh at the site.

(7) Soil properties. An inportant variable in evaluating nobility of
many metal contaminants is pH  Cation exchange capacity (CEC) is an inportant
determinant of the nmobility of netallic species in soils; if the CECis suffi-
ciently high to adequately immobilize the heavy nmetals present in the soil, no
adverse ground-water inpacts may result. Redox potential (Eh) is inportant in
determining the stability of various netallic and organic species in the sub-
surface environment of the site. Oganic carbon content is a major variable
affecting adsorption, and hence mobility, of organic species in the subsurface
envi ronnent . Soil type (e.g., clay, till, sand, fractured bedrock) is a ngjor
variabl e affecting rates and routes of ground-water mgration.

(8) Potential ground-water receptors and sensitive ecol ogical environ-
ments. Gound-water and surface water usage, especially downgradient of the
site, is inportant in evaluating adverse inpacts. Size of population and
nature of ecol ogi cal resources downgradient of the site are also inportant
variables in deternmining adverse inpacts.

c. Exanples where site location alone can be used to reduce or elininate
adverse inpacts to ground water include:

(1) Selection of sites that have natural clay underlying formations that
can mnimze potential ground-water contamination concerns.

(2) Selection of sites to avoid aquifer recharge areas that can mnimze
potential ground-water contam nation concerns. Another consideration associ-
ated with site location is that some fine-textured dredged naterial tends to
formits own liner as particles settle with percolation drainage water; how
ever, it may require considerable time for self-sealing to develop. For this
reason, if an artificial liner is considered useful, a tenporary liner subject
to gradual deterioration with time may be adequate in many cases.
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CHAPTER 3
LARORATORY TESTI NG
3-1. General
a. Laboratory tests as described are required prinarily to provide data
for sedinment characterization, containment area design, and |ong-term storage

capacity estimates. The |laboratory tests and procedures described in this
chapter include standard tests that generally follow procedures found in Stan-

dard Methods (item 2) and EM 1110-2-1906. A flowchart illustrating the com
plete laboratory testing programfor sedinent sanples is shown in Figure 3-1
Sedi nent characteristics and requirenments for settling data and for |ong-term
storage capacity estimates wll dictate which |aboratory tests are required

b. The required magnitude of the | aboratory testing programis highly
project dependent. Fewer tests are usually required when dealing with a rel a-
tively hombgeneous material and/or when data are available from previous tests
and experience. This is frequently the case in maintenance work. For unusua
nmai nt enance projects where considerable variation in sediment properties is
apparent from sanples or for new work projects, nore extensive |aboratory
testing programs are required. Laboratory tests should always be perforned on
representative sanples selected using sound engineering judgment. The poten-
tial presence of contam nants should be eval uated when planning a | aboratory
testing program and appropriate safety neasures should be considered

¢c. In sone cases, recurring maintenance dredging is perforned on given
channel reaches. Laboratory test data from previous sanpling efforts may be
avai | abl e. Under such conditions, sedinment characterization tests my be the
only laboratory testing required. Additional settling tests or consolidation
tests are not required if it has been satisfactorily determned by prior test-
ing that the settling and consolidation properties of the sedinment to be
dredged have not changed.

3-2. Sedi ment Characterization Tests.

a. Ceneral. A nunber of sedinment characterization tests are required
before the tests essential to design can be perforned. Visual classification
wi |l establish whether the sedinment sanple is predomnantly fine-grained (nore
than half <No. 200 sieve) or coarse-grained (nore than half >No. 200 sieve).
Tests required on fine-grained sedinments include natural water content, Atter-
berg limts (LL), organic content, and specific gravity. The coarse-grained
sediments require only grain size analyses. Results of these tests can be
used to classify the sediments according to the Unified Soil Cassification
System (USCS) (item 33).

b. Salinity. Near-bottomwater sanples fromthe area where water will
be mi xed with sediment during the dredgi ng or punp-out operation (usually
dredging site water) should be tested for salinity. In estuarine environ-
ments, the salinity may vary with depth, flow, wind, tidal cycle, and season
Therefore, it is inportant to know the expected range of salinity during the
dredging project. If the dredging site water is saline (>1 part per
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SEDIMENT
SAMPLE
* SITE WATER
SAMPLE
DETERMINE
IN SITU T
WATER CONTENT
DETERMINE
] SALINITY
APPROXIMATELY 1/2 GALLON SPLIT APPROXIMATELY 15 GALLONS
SUBSAMPLES
f FOR TESTING * !
SAMPLE MIX SLURRY
SEPARATION FROM SEDIMENT
(40 SIEVE) AND WATER
FINE-GRAINED COARSE-GRAINED
< 200 SIEVE { > 200 SIEVE }
{ * HYDRAULICALLY
SEPARATE IF REQUIRED
uscs uscs USING DRUM AND MIXER
CLASSIFICATION CLASSIFICATION
(ATTERBERG LIMITS) (GRAIN SIZE)
T umay
{ | DISCARD 'r —l
SPECIFIC
GRAVITY CONDUCT
PILOT
{ SETTLING
TEST
ORGANIC
CONTENT
NO FURTHER
TESTING THIS
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CONDUCT
ZONE SETTLING
CONDUCT TEST ON
CONSOLIDATION YES FLOCCULENT SLURRY
TESTS TEST ON
SLURRY
CONDUCT

FLOCCULENT TEST
ON SUPERNATANT

i

{

CONDUCT
COMPRESSION
SETTLING
TEST
]

CHEMICAL
CLARIFICATION
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IF REQUIRED)

{

DESIGN
CONTAINMENT
AREA

Figure 3-1. Flowchart depicting laboratory testing program
for sedinment sanples

gathered during the field investigation or reconstituted salt
is required in all subsequent char-

Salinity nay be measured in two

t housand), water
wat er should be used when additional water

acterization tests and in the settling tests
ways:
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(1) Conductivity. The salinity may be neasured directly by a salinity-
conductivity meter that electronically converts tenperature-adjusted electri-
cal conductivity into salinity.

(2) Dissolved solids or nonfiltrable residue. A detailed procedure is
presented in Standard Methods for the Examination of Water and WAstewat er
(item2). Briefly,

(a) Filter water through a filter that has a pore size of 1 micron or
| ess.

(b) Pipette a known volurme (about 25 nmillilitres) into a weighed dish
and evaporate the sanple 4 to 6 hours in a drying oven at 103° to 105° C

(c) Cool the dish in a desiccator and then weigh i mediately.

(d) Salinity (in parts per thousand) is equal to the residue (in mlli-
grans) divided by the sample (in nillilitres).

c. Water Content. Water content* is an inportant factor used in sizing
dredged material containnent areas. \Water content determ nations should be
nmade on representative sanples from borings or grab sanples of fine-grained
sediment obtained in the field investigation phase. The water content of the
sanmple should be determned prior to sanple hombgenization and separation as
described below. The detailed test procedure for determ ning the water con-
tent is found in Appendix | of EM 1110-2-1906. The water content is expressed
on a dry weight basis as foll ows:

W
w = _ﬁﬂ x 100 percent (3-1)
s

wher e**

W

Wy

W = weight of solids in sanple, grans

water content, percent*

wei ght of water in sanmple, grans

d. Solids Concentration

(1) Ceneral. The suspended solids concentration is the most frequently
nmeasured paraneter in the laboratory procedures. This neasurenent is made
during preparation of slurries and suspensions and during eval uation of set-
tling characteristics, treatnent effectiveness, etc. Three nethods nay be

*

It should be noted that the term "water content" as used in this manua
refers to the engineering water content commonly used in geotechnica
engineering and may exceed 100 percent.

** For conveni ence, synbols and unusual abbreviations are listed and defined
as appropriate throughout the text
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used to measure suspended solids: evaporation, filtration, and centrifuga-
tion. Each is applicable under different circunstances. Evaporation (direct
drying) neasures total solids, i.e., the sum of both suspended and dissolved
sol i ds. The dissolved solids concentration, if significant, nust be nmeasured
separately and subtracted fromthe total solids concentration. Filtration
directly neasures suspended solids. Centrifugation is a blend of the other
two nethods. It attenpts to nmeasure suspended solids by measuring the tota
solids after washing the dissolved solids out of a known volurme of sanple.
The procedures outlined bel ow are adapted fromthe methods given in Pal erno,

Mont gomery, and Poi ndexter (item 26). In practice, there has been confusion
concerning the method of reporting suspended solids. The terns "concentration
in grans per litre," "percent solids by weight," "percent solids by volune,"

and "percent solids by apparent volune" have been used. These nethods of
reporting suspended solids concentration are discussed and conpared in

Table 3-1. The relationship of percent suspended solids by weight and vol une,
concentration in grams per litre, and water content is illustrated in Fig-

ure 3-2. Figure 3-2 does not account for salinity in the sanple. Suspended
solids concentration in grams per litre or nmilligrans per litre is used
throughout this manual. [If suspended solids deternminations are to be made on
sanples with a solids concentration of 1 gramper litre or less, the centrifu-
gation or the filtration nethod should be used. The total solids method or

100 | | | T °
%0 GS=2.5\
G,=26 - 20
80 -
; — 40
0 G,=27
’- =l
z — 60 2
— =
= 60 z
2 - 8 U
> Z
® 50 | =1 100 g
8 — 120 3
4 — 140 W
b =
9 40 o 160 <
* — 200
30 [~
20 — 400
0 - — 800
0 | | I 1 1 oo
0 500 1000 1500 2000 2500 3000

CONCENTRATION, g/%

Figure 3-2. Relationship of concentration in percent
solids by weight, percent solids by volunme, concen-
tration in grans per litre, and water content
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the centrifugati on nmethod should be used for slurries with solids concentra-
tions of 1 gramper litre or nore.

(2) Definitions and conversions.

(a) The percent of total solids by weight is the weight of solids both
nonfiltrable and filtrable (both dissolved and suspended) in a sanple divided
by the weight of the sanple.

w
28 = w_s (100 percent) (3-2)
t
wher e
%6 = percent total solids by weight, percent
W = total weight of sanple, grans
(b) The percent of suspended solids by weight is the weight of solids
| ess the weight of dissolved solids in a sanple divided by the weight of the
sanpl e.
(W Sal)
_ w
5 1,000

W
t

7SS =

(100 percent) (3-3)

wher e
%8S = percent suspended solids by weight, percent

Sal = salinity, parts per thousand

(c) Solids concentration is the weight of solids (dissolved and sus-
pended) in a sanple divided by the volune of sanple.

wS
C = (3-4)
s Vt
wher e
CS = solids concentration, grans per litre
v, = sanple volune, litre

(d) Suspended solids concentration is the weight of suspended solids in
a sanple divided by the volune of sanple.

wSS
c=-=2 (3-5)
Vt
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wher e
C = suspended solids concentration, granms per litre

= wei ght of suspended solids in sanple, grans
=W - [ww (Sal /1,000 parts per thousand)]

W
SS

(e) The percent of suspended solids by weight may be converted to con-
centrations in units of grams per litre by the following formila:

(1,000 g/%) G, [1 + Sal )l

- 1,000 ppt
€=c 1007) —_ 1] ey ] (3-62)
St\7ss 1 000 ppt)

wher e
G = specific gravity of suspended solids particles
(f) Suspended solids concentrations presented in units of grans per

litre may be converted to percent of suspended solids by the follow ng
formul a:

100% G, (1 OOOAg/R , (3-6b)

ZSS=G( C )+[G_( j[ Sal )]
S \1,000 g/% s ~ \1,000 g/z 1,000 ppt

(g) Suspended solids concentrations can be calculated fromtotal solids
concentrations by the follow ng equations if the salinity is known and the
total solids concentration is presented in percent of solids by weight.

I ___s_a.;__] _
758 = %S [(1ooz ZS)(l,ooo ppt) (3-6¢)
Sal

. 755 + 1007 (T?666'£§E) (3-61)
° 1 +( Sal )
1,000 ppt
Sal
(1,000 g/2) G_ |1 + (—————-————)]

C - s 1,000 ppt (3-6e)

ss [1 . ( Sal ) +c | -1 + 1

1,000 ppt S K %S )(1 + Sal ) _ ( Sal )]
1007 1,000 ppt 1,000 ppt

(3) Total solids nethod. This test is used when the suspended solids
concentration is large, conpared to dissolved solids. It may be used in other
cases where the dissolved solids or salinity is known or neasured separately.
To ensure accuracy, the test should generally be used only for a suspension
suspension with a suspended solids concentration greater than 1 gram per
litre. These steps should be followed:
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(a) Obtain tared weight of a sanple dish.
(b) Thoroughly mix sanple and pour into sanple dish.

(c) Weigh dish and sanple and place in drying oven at 105" C until sam
ple has dried to a constant weight (about 4 to 6 hours).

(d) Cool in desiccator and then wei gh i mediately.

(e) Calcul ate suspended solids concentration C, in grams per litre, as
foll ows:

W__ (1,000 g/9)

°" wss
G + ww
s

(3-7)

from before

wss = wS - [ww (Sal /1,000 parts per thousand)]
ws = [(weight of dry sample and dish) - (weight of dish)]
Sal = salinity, parts per thousand, or dissolved solids, grans per
litre; if unknown in freshwater environnents, use zero
G_ = specific gravity of solids; use 2.67 if unknown

W _=[(weight of wet sanple and dish, grans) - (weight of dry
sanmple and dish, grams)]

(4) Filtration method. This method should be used for suspensions hav-
ing suspended solids concentrations of less than 1.0 gram per litre. Any
quantitative filtering apparatus using a filter paper that has a pore size of
1 micron or less can be used for the test. The two nobst common setups use
either a Gooch crucible with a glass fibre filter paper or a nenbrane filter
apparatus. These steps should be followed:

(a) Weigh the filter.

(b) Filter a measured volune of the sanple. The volune should be suffi-
cient to contain 5 mlligranms of suspended solids

(c) Filter 10 millilitres of distilled water twice to wash out dissolved

(d) Place the filter in a drying oven at 105° C until the sanple has
dried to constant weight (usually 1 to 2 hours).

(e) Cool in a desiccator and weigh.

(f) Calculate suspended solids concentration C, in grams per litre, as
foll ows:
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{[(melght of filter and dry solids, grans)
- (weight of filter, grans)] (1,000 nmilli-
litres per I|tre)/(volune of sanple,
mllilitres)) (3-8)

(5) Centrifugation nmethod. This nethod is recommended for sanples from
sal twater environments that have a suspended solids concentration greater than
1 gramper litre. It is particularly useful when the dissolved solids concen-
tration or salinity is unknown but is expected to be significant (greater than
10 percent of the suspended solids concentration). This method is preferable
to the total solids nmethod when the dissolved solids concentration is severa
times greater than the suspended solids concentration. These steps should be
fol | owed:

(a) Centrifuge a neasured volune of sanple until the liquid and solids
have separated, yielding clear supernatant (several minutes should be
sufficient).

(b) Pour off the supernatant, being careful not to | ose any of the
sol i ds.

(c) Resuspend the settled solids in distilled water by diluting the sam
ple to its initial volune.

(d) Repeat steps (a) through (c) twice to wash out all dissolved solids.

(e) Pour the sanple into a preweighed dish and then wash all remaining
solids from the centrifuge tube into the dish, using distilled water.

(f) Place the dish in a drying oven at 105" C until the sanple has dried
to constant weight (usually 4 to 6 hours)

(g) Cool in a desiccator and weigh.

(h) Calcul ate suspended solids concentration C, in grans per litre, as
foll ows:

C = {[(weight of dish and dry solids, grans)
- (weight of dish, grans)] x 1,000 nmillilitres per litre
(volume of sanple, mllilitre) } (3-9)

(6) Correlation of suspended solids with turbidity. In some cases,
effluent quality standards are specified in terns of turbidity, an optica
property. Relationships between suspended solids concentration and turbidity
are sedi ment-specific and can be determ ned only by preparing a correlation
curve. The correlation curve is developed by deternmining turbidity and sus-
pended solids concentration of sanples prepared over a sufficiently wi de range
of concentrations.

e. Sanple Cornpositing and Separation

(1) Followi ng determination of in situ water content, the sedi ment sam
ple(s) nust be honpbgenized, split, and possibly separated into coarse- and
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fine-grained fractions prior to further testing. Sedinent characterization
tests such as plasticity, grain size determination, specific gravity and
organi ¢ content may be perforned on grab sanples fromeach of several sanpling
| ocations. Oher tests, such as consolidation and settling tests, should be
perfornmed on an appropriately conposited and honogeni zed sanple. The need for
and met hods of conpositing are highly project-dependent, but should be ainmed
toward producing a sanple for testing that is representative of the nateria

to be dredged. If conposite sanples are to be used for further testing, they
must be thoroughly nixed. Sanples for settling tests (approximtely 15 gal -
lons) may require addition of some water to aid in nixing

(2) Sedinment character as determned fromin situ sanples is not indic-
ative of dredged material behavior after dredging since the fine-grained
(<No. 200 sieve) fraction will undergo natural segregation within the contain-
ment area and wi |l behave independently of the coarse-grained (>No. 200 sieve)
fraction. Therefore, the relative percentage (dry wei ght basis) of coarse-
and fine-grained material should be determ ned by separation of a snall por-
tion of the sanple using a No. 200 sieve and follow ng procedures generally
described in EM 1110-2-1906.

(3) If the coarse-grained fraction is less than 10 percent by dry
wei ght, the sedinment sanple is considered to be fine grained and is treated as
though all the material passed the No. 200 sieve; separation for further char-
acterization tests is not required. |f the coarse-grained fraction is greater
than 10 percent by dry weight, the entire sanple should be separated into
coarse- and fine-grained fractions prior to further testing. Separation can
be acconplished for snmall sanple volumes (e.g., those intended for classifi-
cation or consolidation testing) by using the No. 200 sieve as described
above. However, the larger sanple volune required for sedinmentation tests
makes the use of a sieve inpractical. For such volumes, slurry (sediment plus
water) can be thoroughly mixed in a large barrel and then allowed to separate
by differential settling. After initial mxing is stopped, coarse materia
will quickly accunulate on the bottom The slurry remaining above the coarse
material can be punped into a second barrel, where it can be renixed and
| oaded into the testing colum.

(4) In conducting the various tests and during sanple separation and
preparation activities, it will be necessary to nake up slurries of various
solids concentrations. In doing so, it is advisable to begin the testing
sequence with slurry of higher concentration and add the required vol ume of
water to obtain the desired |ower concentration. The following sinple rela-
tionship is useful in calculating the volune of additional water required

C,V, = C,¥, (3-10)
wher e
C, and C, = solids concentrations
V, and V, = slurry volunes (water plus solids)

f. Gain Size Analyses. Gain size analyses should be performed on
coarse-grai ned sanples or on the coarse-grained fraction of sanples that are
m xtures of coarse- and fine-grained material. These analyses are used to
classify the coarse-grained portion of the sedinents. The fine-grained
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material (passing the No. 200 sieve) should be used in the other characteriza-
tion and consolidation tests if required. Gain size analyses should foll ow
the procedures contained in EM 1110-2-1906. Hydroneter anal yses can be used
to define the grain size distribution of the fine-grained fraction if desired

g. Plasticity Analyses. In order to evaluate the plasticity of fine-
grained sanples of sedinment, the Atterberg liquid limt (LL) and plastic limt
(PL) must be determined. The LL is that water content above which the mate-
rial is said to be in a semliquid state and bel ow which the material is in a
plastic state. Simlarly, the water content that defines the lower limt of
the plastic state and the upper limt of the semisolid state is terned the PL.
The plasticity index (Pl), defined as the nunerical difference between the LL
and the PL, is used to express the plasticity of the sedinment. Plasticity
anal yses should be performed on the fine-grained fraction (<No. 200 sieve) of
sedi ment sanples. A detailed explanation of the LL and PL test procedures and
apparatus can be found in Appendix IlIl of EM 1110-2-1906

h. Oganic Content. A know edge of whether significant organic matter
is present is required. The follow ng dry-conbustion test procedure is rec-
ommended to deternmine the organic content expressed as the percentage of
wei ght lost on ignition:

(1) Dry a 40-gram sanple at 105° C until there is no further weight |oss
(usually 4 to 6 hours).

(2) Place it in a desiccator to cool for 15 m nutes.
(3) Weigh the sample and place it in the oven at 440° C for 4 hours.
(4) Place it in the desiccator to cool for 15 minutes.

(5) Weigh the sanple and determine the organic content by dividing the
wei ght lost by the sanple while in the oven at 440° C by the total weight of
the sanple at the time it was placed in the oven

i. Specific Gavity. Values for the specific gravity of solids for
fine-grained sedinents and dredged material are required for deternining void
rati os, conducting hydrometer analyses, and consolidation testing. Procedures
for conducting the specific gravity test are given in Appendix |V of
EM 1110- 2- 1906

j. USCS Cassification. When classifying sedinment sanples, the fine-
grained portion that passes the No. 200 sieve should be classified separately
fromthe coarse-grained portion retained on the No. 200 sieve, regardl ess of
which fraction conprises the greatest percentage by weight. Additional infor-
mation regarding the USCS classification may be found in WE' S Technical Meno-
randum No. 3-357 (item 33).

3-3. Settling Tests. Dredged material placed in disposal areas by hydraulic
dredges or punped into disposal areas by punp-out facilities enters the dis-
posal area as a slurry (mxture of dredged solids and dredging site water).
Settling refers to those processes in which the dredged material slurry is
separated into supernatant water of |ow solids concentration and a nore
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concentrated slurry. Laboratory sedimentation tests provide data for design-
ing the containnent area to neet effluent suspended solids criteria and to
provi de adequate storage capacity for the dredged solids.

a. Settling Processes.

(1) Settling types. The settling process can be categorized according to
four basic classifications: discrete settling where the particle maintains
its individuality and does not change in size, shape, or density during the
settling process; flocculent settling where particles agglonerate during the
settling period with a change in physical properties and settling rate; zone
settling where the flocculent suspension fornms a lattice structure and settles
as a mass, the high solids concentration partially blocks the release of water
and hinders settling of neighboring particles, and a distinct interface
between the slurry and the supernatant water is exhibited during the settling
process; and conpression settling where settling occurs by conpression of the
lattice structure. Al of the above sedinmentation processes may occur
siml taneously in a disposal area, and any one may control the design of the
di sposal area

(2) Governing factors. Discrete settling describes the sedinmentation of
coarse particles. The inportant factors governing the sedinentation of fine-
grained dredged material are the initial concentration of the slurry, salinity
of the carrier water, and the flocculating properties of the solid particles
Because of the high influent solids concentration and the tendency of fine-
grained particles to flocculate, either flocculent or zone settling behavior
nornmal |y describes sedinentation in containnent areas. Sedinmentation of
freshwater sedinments at slurry concentrations of 100 grams per litre can
general ly be characterized by flocculent settling properties. As slurry con-
centrations or salinity is increased, the sedinentation process may be char-
acterized by zone settling properties. Conpression settling occurs in the
| ower layers of settled material for both the flocculent and zone settling
cases. As nore settled material accumul ates, excess pore pressures develop in
the lower layers and further consolidation occurs as water is expelled and the
excess pore pressures dissipate

(3) Zone versus flocculent settling as a function of salinity. The ten-
dency of a fine-grained dredged material slurry to settle by zone or floccu-
l ent behavior in the initial stages of settling is strongly influenced by the
presence of salt as a coagulant. If salinity is less than 1 part per thou-
sand, indicative of freshwater conditions, flocculent processes normally
describe the initial settling, and no clearly defined interface is seen. If
salinity is greater than 1 part per thousand, indicative of brackish or salt-
wat er conditions, zone settling processes normally describe the initial set-
tling, and a clear interface between the clarified supernatant water and the
more concentrated slurry is evident. For the zone settling case, sone of the
fine particles remain in the supernatant water as the interface falls. Floc-
cul ent processes then describe the settling of these fine particles from the
super nat ant .
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b. Testing Equi pment and Procedures.

(1) Test objective. The objective of running settling tests on sedi-
nments to be dredged is to define their settling behavior in a dredged materia
contai nment area. The tests provide nunerical values for the design criteria
that can be projected to the size and design of the containnment area. Proce-
dures for conputer-assisted plotting and reduction of settling colum data are
avai l able as discussed in Chapter 8.

(2) Settling colum. The settling colum shown in Figure 3-3 should be
used for dredged material settling tests. The colum is constructed of
8-inch-di aneter Plexiglas tubing and can be sectioned for easier handling and
cleaning. Ports are provided for extraction of sanples at various depths dur-
ing sanpling. A bottommounted airstone is also provided for agitation and
m xing of slurries in the colum by using conpressed air. Shop draw ngs of
the colum with bills of materials are shown in Appendix B.

(3) Sanples. Samples used to perform settling tests should consist of
fine-grained (<No. 200 sieve) material. Any coarse-grained (>No. 200 sieve)
nmaterial present in the sanple would normally be hydraulically separated when
the sample is mixed prior to sedimentation testing. A conposite of severa
sedi ment sanples may be used to performthe tests if this is thought to be
more representative of the dredged material. Approximately 15 gallons of
sediment is usually required for the tests. Water used to mix the slurries
can be taken fromthe proposed dredging site or can be prepared by m xing tap-
water and salt to the known salinity of the dredging site water.

(4) Pilot test. A pilot test conducted in a graduated cylinder
(4 litres is satisfactory) is a useful nethod for determning if flocculent or
zone process will describe the initial settling. The pilot test should be run
at a slurry concentration of approximately 150 grans per litre. If an inter-
face forms within the first few hours of the test, the slurry mass is exhibit-
ing zone settling, and the fall of the interface versus time should be
recorded. The curve will appear as shown in Figure 3-4. The break in the
curve will define the concentration at which conpression settling begins
Only |ower concentrations should be used for the zone settling test in the

8-inch col um. If no break in the curve is evident, the nmaterial has begun
settling in the conpression zone, and the pilot test should be repeated at a
| ower slurry concentration. It should be enphasized that use of a sl

cylinder as in the pilot test is not acceptable for use in design. \Wall
effects for colums of small diameter affect zone settling velocities, and
data obtained using small-diameter colums will not accurately reflect field
behavi or. If no interface is observed in the pilot test within the first few
hours, the slurry mass is exhibiting flocculent settling. In this case, the
pilot test should be continued until an interface is observed between the tur-
bid water above and nore concentrated settled solids below The concentration
of the settled solids (conputed assuming zero concentration of solids above)
is an indication of the concentration at which the material exhibits conpres-
sion settling.

(5) Required nunber of colum |oadings for tests. Three types of set-
tling tests in the B-inch colum may be needed to fully define the settling
properties of the dredged material. However, in nost cases the B-inch
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settling colum used for the settling tests needs to be |oaded with slurry
only once. A conpression settling test is needed to define the vol une that
will be occupied in the disposal area by a newy deposited dredged materia

| ayer at the end of the disposal operation. A flocculent settling test for
either the slurry mass or for the supernatant water above any interface is
required to predict effluent suspended solids concentrations. A zone settling
test is required to define the mnimmsurface area needed for effective zone
settling. These tests should be conducted at a slurry concentration equal to
the expected influent concentration; therefore, only one loading of the test
colum would be required to collect data for all purposes.

¢c. Flocculent Settling Test.

(1) The flocculent settling test consists of neasuring the concentration
of suspended solids at various depths and tinme intervals in a settling colum.
If an interface forns near the top of the settling colum during the first day
of the test, sedimentation of the naterial below the interface is described by
zone settling. In that case, the flocculent test procedure should be contin-
ued only for that portion of the colum above the interface.

(2) Information required to design a containnent area for the floccul ent
settling process can be obtained using the followi ng procedure:

(a) A settling colum such as shown in Figure 3-3 is used. The slurry
depth used in the test colum shoul d approxinate the effective settling depth
of the proposed containment area. A practical linit on depth of test is
6 feet. The colum should be at least 8 inches in diameter with sanple ports
at 0.5 foot intervals (mnimum. The colum shoul d have provisions for slurry
agitation with conpressed air fromthe bottomto keep the slurry mixed during
the colum filling period

(b) Mx the sedinment slurry to a suspended solids concentration C
equal to the expected concentration of the dredged material influent G . The
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slurry should be mxed in a container with sufficient volume to fill the test
colum. Field studies indicate that for maintenance dredging of fine-grained
material, the disposal concentration wll average about 150 granms per litre
Thi s concentration should be used in the test if better data are not

avail abl e

(c) Punmp or pour the slurry into the test columm using conpressed air or
nechanical agitation to maintain a uniformconcentration during the filling
peri od.

(d) When the slurry is conpletely mxed in the colum, cut off the com
pressed air or nechanical agitation and imediately draw off sanples at each
sanple port and determine their suspended solids concentration. Use the aver-
age of these values as the initial slurry concentration at the start of the
test. The test is considered initiated when the first sanples are drawn.

(e) If an interface has not formed on the first day, flocculent settling
is occurring in the entire slurry mass. Allowthe slurry to settle and with-
draw sanpl es fromeach sanpling port at regular tinme intervals to determ ne
the suspended solids concentrations. Substantial reductions of suspended
solids will occur during the early part of the test, but reductions will
| essen at longer retention tines. Therefore, the intervals can be extended as
the test progresses. Recommended sanpling intervals are 1, 2, 4, 6, 12, 24,
48 hours, etc., until the end of the test. As a rule, a 50-mllilitre sanple
should be taken from each port. Continue the test until an interface can be
seen near the bottom of the colum and the suspended solids concentration in
the fluid above the interface is 1 gram per litre. Test data are tabul ated
and used to plot a concentration profile diagram as shown in Figure 3-5
Exanpl es are shown in Appendix C

(f) If an interface forns the first day, zone settling is occurring in
the slurry below the interface, and flocculent settling is occurring in the
supernatant water. For this case, sanples should be extracted from all side
ports above the falling interface. The first of these samples should be
extracted i mediately after the interface has fallen sufficiently below the
uppernost port to allow extraction. This sanple can usually be extracted
within a few hours after the beginning of the test, depending on the initia
slurry concentration and the spacing of ports. Record the time of extraction
and port height for each port sanple taken. As the interface continues to
fall, extract sanples fromall ports above the interface at regular tinme
intervals. As an alternative, sanples can be taken above the interface at the
desired depths using a pipette or syringe and tubing. As before, a suggested
sequence of sampling intervals would be 1, 2, 4, 6, 12, 24, 48, 96 hours, etc
The sanpl es should continue to be taken until the suspended solids concentra-
tion of the extracted samples shows no decrease. For this case, the suspended
solids in the sanples should be less then 1 gramper litre, and filtration
will be required to determine the concentrations. The data should be
expressed in mlligrans per litre for these sanples. Tabulate the data and
plot a concentration profile diagram as shown in Figure 3-5. In reducing the
data for this case, the concentration of the first port sanple taken above the
falling interface is considered the initial concentration C,. Exanples are
shown in Appendix C
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d. Zone Settling Test

(1) The zone settling test consists of placing a slurry in a sedinen-
tation colum and reading and recording the fall of the liquid-solids inter-
face with tinme. These data are plotted as depth to interface versus tine.

The slope of the constant velocity settling zone of the curve is the zone set-
tling velocity, which is a function of the initial test slurry concentration.
This test is required if the material exhibits an interface within the first
day. The test should be run at the expected influent slurry concentration, or
the highest expected to persist for several hours if a range is expected

(2) Information required to design a containnent area for the zone set-
tling process can be obtained by using the follow ng procedure:

(a) A settling colum such as shown in Figure 3-3 is used. It is inpor-
tant that the colum dianmeter be sufficient to reduce the "wall effect" and
that the test be performed with a test slurry depth near that expected in the
field. Therefore, a 1-litre graduated cylinder should never be used to per-
forma zone settling test for sedinent slurries representing dredging disposa
activities.

(b) Mx the slurry to the desired concentration and punp or pour it into
the test colum. Air may not be necessary to keep the slurry mxed if the
filling tine is less than 1 nminute

(c) Record the depth to the solid-liquid interface as a function of
time. Readings nust be taken at regular intervals to gain data for plotting
the curve of depth to interface versus tine as shown in Figure 3-4. It is
important to take enough readings to clearly define this curve
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(d) Continue the readings until sufficient data are available to define
the maximum point of curvature of the depth to interface versus tine plot.
The test may require from8 to 48 hours to conplete

(e) Calculate the zone settling velocity v, as the slope of the con-

stant velocity settling zone, as shown in Figure 3-4 (straight-line portion of
curve). The velocity should be in feet per hour.

(f) Conpression Settling Test.

(1) A conpression settling test nmust be run to obtain data for esti-
mating the volume required for initial storage of the dredged material. For
slurries exhibiting zone settling, the conpression settling data can be
obtained from the zone settling test with interface height versus tine
recorded. The only difference is that the test is continued for a period of
15 days, so that a relationship of log of concentration versus log of tine in
the conpression settling range as shown in Figure 3-6 is obtained. For slur-
ries exhibiting flocculent settling behavior, the test used to obtain floc-
culent settling data can be used for the conpression settling test if an
interface is formed after the first few days of the test. If not, an addi-
tional test is required with the slurry concentration for the test suffi-
ciently high to initially induce conpression settling. This concentration can
be deternmined by the pilot test.

(2) Information required to design a containnent area for the conpres-
sion settling process can be obtained using the follow ng procedures:

(a) Tabulate the interface height H, for various tinmes of observation
during the 15-day test period

(b) Calculate concentrations for various interface heights as foll ows:

¢ - ot (3-11)
H
t
wher e

C = slurry concentration at time t , grams per litre
C, = initial slurry concentration, grams per litre
H = initial slurry height, feet
H = height of interface at time t , feet

Negl ect solids in the water above the interface to sinplify calculations.

(c) Plot concentration versus tine on |og-log paper as shown in
Figure 3-6.

(d) Draw a straight line through the data points.
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3-4. Chenical Cdarification Tests.
a. General. If for a given disposal area, gravity sedimentation does

not remove sufficient suspended solids to nmeet effluent standards, chenica
clarification may be required. This may be especially true when a freshwater
sediment with a significant clay fraction is dredged. The effluents from such
sites may contain several grans per liter of suspended solids after gravity
settling prior to chemcal clarification.

b. Jar Tests.

(1) Jar tests have traditionally been used to evaluate the effectiveness
of various flocculants under a variety of operating conditions for water
treatment, and these procedures have been applied to the disposal of dredged
material. Jar tests are used to provide information on the nost effective
floccul ant, optinmm dosage, optimm feed concentration, effects of dosage on
removal efficiencies, effects of concentration of influent suspension on
removal efficiencies, effects of mixing conditions, and effects of settling
tine.

(2) The general approach used in the jar test procedures is as follows:

(a) Using site-specific information on the sedinment, dredging operation
contai nment areas, and effluent requirements, select nixing conditions, sus-
pensi on concentration, settling time, and polymers for testing. Test a snal
nunber (four to six) of polymers that have performed well on simlar dredged
mat eri al

(b) Prepare stock suspension of sedinent.

(c) The tests should be run on 2-granms-per-litre suspensions of sedi-
ment, which is a typical concentration for effluents froma well-designed con-
tainment area for freshwater clay sedinents. |f good renovals are obtained at
| ow dosages (10 milligrans per litre of polymer or less), then select the nost
cost-effective polynmer. If good renobvals are not obtained, exanine the
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pol ymer under inproved mxing and settling conditions and test the performance
of other floccul ants.

(d) After selecting a polymer and its optinmum dosage, exami ne the effect
of polymer-feed concentration over the range of sediment concentrations of 1
to 30 grams per litre, typical concentrations found in the field, at the opti-
mum dosage.

(e) Determine the dosage requirenents for the expected range of sus-
pended solids concentrations to be treated at the primary weir.

(f) Examine the effects of the range of possible nixing conditions on
the required dosage of flocculant for a typical suspension.

(g) Examine the effects of settling time on the renoval of suspended
solids froma suspension of average suspended solids concentration using the
sel ected dosage and |ikely mixing conditions.

(3) The purpose of the approach described is to select an effective
pol ymer for a suspension of a standard suspended solids concentration, 2 grams
per litre, which is a typical effluent solids concentration. In this manner,
the effectiveness and dosage requirements of various polyners are easy to
conpare. The other test variables are set to simulate anticipated field con-
ditions. After a polynmer is selected, other variables are exanmined: polymer-
feed concentration, solids concentration of suspension to be treated, mxing
and settling tinme. The approach nmay be changed to fit the needs and condi -
tions of the specific study. Detailed jar test procedures are found in
Appendi x E.

3-5. Consolidation Testing. Determination of containment area |ong-term
storage capacity requires estinmates of settlement due to self-weight consoli-
dation of newy placed dredged material and due to consolidation of conpress-

i ble foundation soils. Consolidation test results nmust be obtained, including
time-consolidation data, to estimate the average void ratios at conpletion of
100 percent primary consolidation.

a. Consolidation tests for foundation soils should be performed as
described in EM 1110-2-1906.

b. Controlled-rate-of-strain tests or fixed-ring consolidonmeters shoul d
be used for consolidation testing of sediment sanples because of their fluid-
|i ke consistency. The only major nodifications for the conventional fixed-
ring testing procedure concern the sanmple preparation and the nethod of
| oading. Detailed procedures are found in Appendix D.
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CHAPTER 4

CONTAI NVENT AREA DESI GN FOR RETENTI ON OF SQOLI DS
AND | NI TI AL STORAGE

4-1. Gener al

a. This chapter presents guidelines for designing a new contai nment area
for suspended solids retention and for evaluating the suspended solids reten-
tion potential of an existing containment area. Intermttent dredging, wth
hi gher costs, may be required if dredging flow rates exceed the solids reten-
tion capacity of a disposal area. This condition can be avoi ded by foll ow ng
the design guidelines in this chapter. The focus in this section is on fine-
grained dredged-nmaterial. Quidelines presented here will provide the neces-
sary gui dance for designing a containment area for adequate space and vol une
for retaining the solids within the containnent area through settling and pro-
viding storage capacity of dredged solids for a single dredged naterial dis-
posal operation. The major objective is to provide solids renoval by the
process of gravity settling to a level that pernits discharge of the trans-
porting water from the area. Although ponding is not feasible over the entire
surface area of many sites, an adequate ponding depth nmust be nmintained over
the design surface area as determ ned by these design procedures to assure
adequate retention of solids. Guidance is also presented in this chapter for
the design of weirs for the rel ease of ponded water and for chemical clarifi-
cation systens for additional renoval of suspended solids.

b. The design procedures presented here are for gravity settling of
dredged solids. However, the process of gravity sedimentation will not com
pletely renove the suspended solids fromthe contai nment area effluent since
wi nd and other factors resuspend solids and increase effluent solids concen-
tration. The settling process, with proper design and operation, will nor-
nmal |y provide renoval of fine-grained dredged material down to a level of 1 to
2 grams per litre in the effluent for freshwater conditions. The settling
process will usually provide renmoval of fine-grained dredged material down to
a level of several hundred mlligrans per litre or lower for saltwater con-
ditions. If the required effluent standard is not net by gravity settling
the designer nmust provide for additional treatment of the effluent, e.g.,
flocculation or filtration

¢c. The generalized flowchart shown in Figure 4-1 illustrates the design
procedures presented in the follow ng paragraphs. These steps were adapted
from procedures used in water and wastewater treatment and are based on field
and | aboratory investigations on sedinments and dredged naterial at active
dredged material containnment areas. The procedures in this chapter are pre-
sented in the manner required to cal culate the mininumrequired di sposal area
geonetry for a given inflow rate (dredge size) and dredged volune. The sane
procedures would be used in reverse fashion to calculate a maxi mumflow rate
(dredge size) allowable for a given disposal area geonetry. Numerical exam
pl es of both approaches are presented in Appendix C. Procedures for conputer-
assi sted design for sedinmentation and initial storage are available as
di scussed in Chapter 8.
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4-2. Data Requirenents.

a. General. The data required to use the design guidelines are obtained
from field investigations (Chapter 2), laboratory testing (Chapter 3),
project-specific operational constraints, and experience in dredging and dis-
posal activities. The types of data required are described in the followng
par agr aphs.

b. In Situ Sediment Volume. The initial step in any dredging activity
is to estimate the total in situ channel volume of sediment to be dredged
V. . Sediment quantities are usually determned from routine channel surveys.

c. Physical Characteristics of Sediments. Field sanpling and sedinent
characterization should be acconplished according to the |aboratory tests
described in Chapters 2 and 3 of this manual. Adequate sanple coverage is
required to provide representative sanples of the sedinent. Also required are
in situ water contents of the fine-grained maintenance sedinments. Care nust
be taken in sampling to ensure that the water contents are representative of
the in situ conditions. Water contents of representative sanples w are used
to determine the in situ void ratios e as fol | ows:

wGS
1775, (4-1)
wher e
g; = in situ void ratio of sediment
w = water content of the sanple, percent
G = specific gravity of sediment solids
Sp = degree of saturation, percent (equal to 100 percent for sedinments)

A representative value for in situ void ratios is used later to estimte vol -
ume for the containment area. Gain size analyses are used to estimate the

quantities of coarse- and fine-grained material in the sedinent to be dredged.
The vol une of sand V.4, can be estimated as a percentage of the total volune

V. to be dredged by using the percent coarser than No. 200 sieve. The in
situ volume of fine-grained sedinent V; is equal to V., - Vg4 .

d. Proposed Dredging and Disposal Data. The designer nust obtain and
anal yze data concerning the dredged material disposal rate. For hydraulic
pi peline dredges, the type and size of dredge(s) to be used, average distance
to containnment area from dredging activity, depth of dredging, and average
solids concentration of dredged material when discharged into the containment
area must be considered. If the size of the dredge to be used is not known,
the largest dredge size that might be expected to perform the dredging shoul d
be assumed. The time required for the dredging can be estimated, based on

experience. |f no data on past experience are available, Figure 4-2, which
shows the relationship among solids output, dredge size, and pipeline |ength
for various dredging depths, should be used. It was developed from data pro-

vided for Ellicott dredges for dredging in sand (item 32). Additional guid-
ance on dredge production rates is found in ER 1110-2-1300. For hopper dredge
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or barge punp-out operations, an equival ent disposal rate nust be estimted
based on hopper or barge punp-out rate and travel tine involved. Based on
these data, the designer nust estinmate or determne containment area influent
rate, influent suspended solids concentration, effluent rate (for weir siz-
ing), and tinme required to conplete the disposal activity. For hydraulic

pi peline dredges,-if no other data are available, an influent suspended solids
concentration C of 150 granms per litre (14 percent by weight) should be used

for design purposes. The influent flow rate Q can be estimted using the

followi ng tabulation or fromother available data

Di scharge Rate (for Flow

D'scharge Pipgline Vel ocity of 15 ft/sec)*
Dianeter, in. _cfs gal/mn
8 5.3 2, 350

10 8.1 3,640

12 11.8 5, 260

14 16.0 7,160

16 20.6 9,230

18 26.5 11, 860

20 32.7 14, 660

24 47.1 21, 090

27 59.5 26, 630

28 64.1 28, 700

30 73.6 32,950

36 106.0 47, 500

* To obtain discharge rates for other velocities, mul-
tiply the discharge rate shown in this tabulation by
the desired velocity and divide by 15.

e. Laboratory Settling Test Data. The guidelines for sedinentation
tests are given in Section 3-3. Depending on the results of the sedinmentation
tests, the dredged material slurry will settle by either zone processes (com
non for saltwater sedinments) or flocculent processes (comon for freshwater
sedinments). Regardless of the salinity, flocculent processes govern the con-
centration of solids in the effluent.

4-3.  Sedinentation Basin Design.

a. Selection of Mninum Average Ponding Depth. Before a disposal site
can be designed for effective settling or before the required disposal area
geonetry can be finalized, a ponding depth H d during disposal must be

assuned. The design procedures in the follow ng paragraphs call for an aver-
age ponding depth in estimating the residence tinme necessary for effective
settling. A mninum average ponding depth of 2 feet should be used for the
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desi gn. If the design objective is to mininze the surface area required
selection of a deeper ponding depth may be desirable. If conditions will

allow for the greater ponding depth throughout the operation, the greater

val ue can be used. For nost cases, constant ponding depth can be naintained
by raising the pond surface as settled material accunmulates in the containment
area by raising the elevation of the weir crest.

b. Calculation of Volume for Initial Storage

(1) General. Containnment areas nust be designed to nmeet vol ume require-
ments for a particular disposal activity. The total volume required in a con-
tai nment area includes volunme for storage of dredged naterial, volune for
sedi mentation (ponding depths), and freeboard vol ume (vol une above water sur-
face). Volune required for storage of the coarse-grained (>No. 200 sieve)
material nust be determ ned separately since this material behaves indepen-
dently of the fine-grained (<No. 200 sieve) material

(2) Calculation of design concentration. The design concentration G
is defined as the average concentration of the dredged material in the con-
tainment area at the end of the disposal activity and is estinated fromthe
conpression (15-day) settling test described in Chapter 3. This design param
eter is required both for estimating initial storage requirenments and for
determining mninumrequired surface areas for effective zone settling. The
following steps can be used to estimate C; from the conpression settling
test.

(a) Estimate the tinme of dredging by dividing the dredge production rate
into the volume of sedinent to be dredged. Use Figure 4-2 for estimating the
dredge production rate if no specific data are available from past dredging
activities. (Note that curves in Figure 4-2 were devel oped for sand.) The
total tine required for dredging should allow for anticipated downtine.

(b) Enter the concentration versus tinme plot as shown in Figure 4-3 and
deternmne the concentration at a time t equal to one-half the tine required
for the disposal activity deternined in step (a).

(c) The value conputed in step (b) is the design solids concentration
Gy . Exanples are shown in Appendix C

(3) Volume estimation. The volume conputed in the followi ng steps is
the vol une occupi ed by dredged material in the containnent area i mediately
after the conpletion of a particular disposal activity. This value is criti-
cal in determning the dike height requirenents for the containment area. The
volume is not an estinate of the long-termneeds for nultiple-disposal activ-
ities. Estimates for long-termstorage capacity can be made using the proce-
dures outlined in Chapter 5. The design for initial storage may be a
controlling factor regardl ess of the settling behavior exhibited by the mate-
rial. If the material initially exhibits conpression settling at the expected
inflow concentration, the design for initial storage is the only consideration
(this is expected to be an exceptional case).

(a) Conpute the average void ratio of the fine-grained dredged materia
in the containnent area at the conpletion of the dredging operation using the
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Figure 4-3. Conceptual time versus
concentration plot

design concentration C, determined in 4-3.b. Use the following equation to

determine the void ratio

GSYW
e, = - | (4-2)
d
wher e
e, = average void ratio of the dredged material in the containment area
at the conpletion of the dredging operation
Y, T density of water, grams per litre (normally 1,000 grans per litre)

(b) Compute the volune of the fine-grained channel sedinents after dis-
posal in the containment area

eo B ei
Vi = Vi[’fTT]* ! (4-3)

vi = volune of the fine-grained dredged material after
disposal in the containnent area, cubic feet

v, = volune of the fine-grained channel sedinents, cubic feet
e, = average void ratio of the in situ channel sedinents

(c) Conpute the volume required to store the dredged material in the
contai nment area

V=V_+ vS (4-4a)

£ d
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wher e
V = total volume of the dredged material in the containment area at
the end of the dredging operation, cubic feet
Vsd = volunme of sand (use 1:1 ratio), cubic feet

(d) If there are limtations on the surface area available for disposa
or if an existing disposal site is being evaluated, check whether the site
conditions will allow for initial storage of the volume to be dredged. First
determ ne the maxi num hei ght at which the material can be placed H

using the follow ng equation: an{ max)
Hdm(max) = Hdk(max) - de - Hfb (4- 4b)
wher e
H = maxi num al | owabl e di ke height due to foundation conditions
dk (max) f et
de = ponding depth, feet
Hep = freeboard (mninum of 2 feet can be assumed), feet

Conmpute the mnimum surface area that could be used to store the material

\Y
ds Hdm(max) (43,560)
wher e
AdS = design surface area for storage, acres
If Ads is less than the available surface area, then adequate volunetric

storage is available at the site.
¢c. Calculation of Mnimm Surface Area for Effective Zone Settling.

(1) Ceneral. If the sediment slurry exhibited zone settling behavior at
the expected inflow concentration, the zone settling test results are used to
calculate a mninmum required ponded surface area in the containment for effec-
tive zone settling to occur. The nethod is generally applicable to dredged
material from a saltwater environnment, but the method can al so be used for
freshwater dredged material if the laboratory settling tests indicate that
zone settling describes the initial settling process. Additional calculations
using flocculent settling data for the solids remaining in the ponded super-
natant water are required for designing the contai nment area to nmeet a spe-
cific effluent quality standard for suspended solids.

(2) Conpute area required for zone settling. The mninum surface area
determ ned according to the follow ng steps should provide renmoval of fine-
grained sediments so that suspended solids levels in the effluent do not
exceed several hundred milligranms per litre. The area is required for the
zone settling process to renove suspended solids from the surface |ayers at
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the rate sufficient to formand maintain a clarified supernatant that can be
di schar ged

(a) Determne the zone settling velocity v, at the influent suspended
solids concentration G as described in paragraph 3-3.d.

(b) Conpute area requirenments as

Qi (3600)
Az == (4-5)
s
wher e
Az = contai nment surface area requirement for zone settling, square
feet
Q; = influent flowate in ft3 sec
3600 = conversion factor hours to seconds

VS = zone settling velocity at influent solids concentration Ci >

feet per hour

(c) Multiply the area by a hydraulic efficiency correction factor HECF
to conpensate for containnent area inefficiencies:

(HECF)Az
A4z = 33,560 (4-6)
wher e
AdZ = design basin surface area for effective zone settling, acres
HECF = hydraulic efficiency correction factor (determ ned as descri bed

in4-3.9.)
A, = area determned from Equation 4-5, square feet

d. Calculation of Required Retention for Flocculent Settling.

(1) Sediments dredged from a freshwater environment normally exhibit
flocculent settling properties. However, in sone cases, the concentration of
dredged material slurry is sufficiently high that zone settling will occur.
The nmethod of settling can be determined from the |aboratory tests.

(2) Sedinents in a dredged naterial containnent area are cornprosed of a
broad range of particle floc sizes and surface characteristics. In the con-
tainment area, larger particle flocs settle at faster rates, thus overtaking
finer flocs in their descent. This contact increases the floc sizes and
enhances settling rates. The greater the ponding depth in the containnent
area, the greater is the opportunity for contact anmong sedinents and flocs
Therefore, flocculent settling of dredged sedinents is dependent on the pond-
ing depth as well as the properties of the particles. For this reason, it is
inportant that settling tests be performed with colum hei ghts corresponding
to ponding depths expected under field conditions.

4-9



EM 1110- 2-5027
30 Sep 87

(3) The concentration of suspended solids in the effluent will depend on
the total depth at which fluid is withdrawn at the weir, which is related to
the hydraulic characteristics of the weir structure. The depth of withdrawal
is equivalent to the depth of ponded water for weir configuration and fl ow
rates that are normally encountered in containnent areas. For this reason,
the term "ponding depth" is used interchangeably with withdrawal zone in this
manual in the context of effluent quality eval uations.

(4) Evaluation of the sedinentation characteristics of a sedinent slurry
exhibiting flocculent settling is acconplished as discussed in Chapter 3. The
design steps to deternmine the required retention tinme for a desired effluent
quality are as foll ows:

(a) Calculate the renmpoval percentage at the selected mnimum average
ponding depth H d for various times using the concentration profile plot

as shown in Figure 3-5. As an exanple, the removal percentage for H = depth
d, and tinme t, is conmputed as follows: pd

Area right of profile

R = Area total

(100) =

where R is the renoval percentage. Deternmine these areas by either

pl ani netering the plot or by direct graphical measurenments and cal cul ations.
This approach is used to cal cul ate renoval percentages for the selected pond-
ing depth as a function of tine.

(b) Plot the solids renpval percentages versus time as shown in
Figure 4-4

(c) Mean detention tinmes can be selected from Figure 4-4 for various
solids renoval percentages. Select the residence tine T4 that gives the
desired renoval percentage

(d) The required nmean residence time T, should be multiplied by an

appropriate hydraulic efficiency correction factor HECF to conpensate for
the fact that containnment areas, because of inefficiencies, have field mean
detention times less than theoretical (volumetric) detention tinmes. The HECF
is determned as described in 4-3.g. The basin volunmetric or theoretica
residence tine is estimated as follows:

T = HECF T, (4-8)

where T is the volunmetric or theoretical residence time and T, is selected
fromFigure 4-4

(e) Note that for the case of flocculent settling of the entire slurry
mass, the solids will be renoved by gravity sedinmentation to a level of 1 to

* These nunbers correspond to the nunbers used in Figure 3-5 to indicate the
area boundaries for the total area down to depth d, and the area to the
right of the line for t, .
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Figure 4-4. Conceptual plot of solids
removal versus time for slurries
exhibiting flocculent settling

2 granms per litre. For this case, the selection of a required residence tine

for a percentage renpval is nore convenient. For the case of flocculent set-

tling in the supernatant water, where the slurry mass is undergoing zone set-

tling, selection of a required residence tinme for an effluent suspended solids
standard is nore appropriate. Exanples are shown in Appendix C

e. Calculation of Required Retention Time for Flocculent Settling in
Supernatant Water.

(1) Data analyses. For slurries exhibiting zone settling, flocculent
settling behavior describes the process occurring in the supernatant water
above the interface. Therefore, a flocculent data analysis procedure as out-
lined in the follow ng paragraphs is required. The steps in the data analysis

are as follows:

(a) Use the concentration profile diagramas shown in Figure 3-5 to
graphically determ ne percentages removed, R , for the various time inter-
vals and for the mninum ponding depth. This is done by graphically deternin-
ing the areas to the right of each concentration profile and its ratio to the
total area above the depth as described for the case of flocculent settling

above.
(b) Conpute the percentages remaining as follows:
P=100 - R (4-9)

(c) Conpute values for the average suspended solids concentration in the
supernatant at each time of extraction as foll ows:

c, =P.C, (4-10)
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wher e
C. = suspended solids concentration at time t , mlligrans per litre
P, = percentage remaining at time t
C, = initial concentration in the supernatant, mlligrans per litre

(d) Tabulate the data and plot a relationship for suspended solids con-
centration versus tine using the value for each time of extraction as shown in
Figure 4-5. An exponential curve fitted through the data points is
r ecomended.

(2) Determination of retention time to nmeet an effluent suspended solids
concentration. The relationship of supernatant suspended solids versus tine
devel oped fromthe columm settling test is based on quiescent settling condi-
tions found in the laboratory. The anticipated retention time in an existing
di sposal area under consideration can be used to deternmne a predicted sus-
pended solids concentration from the relationship. This predicted value can
be considered a m ni numvalue able to be achieved in the field, assumng lit-
tle or no resuspension of settled material. The relationship in Figure 4-5
can also be used to deternmine the required retention tine to neet a standard
for effluent suspended solids. For dredged material slurries exhibiting floc-
culent settling behavior, the concentration of particles in the ponded water
is 1 gramper litre or higher. The resuspension resulting from normal w nd
conditions will not significantly increase this concentration; therefore, an
adj ustment for resuspension is not required for the flocculent settling case
However, an adjustnent for anticipated resuspension is appropriate for dredged
material exhibiting zone settling. The nininmum expected value and the val ue
adj usted for resuspension would provide a range of anticipated suspended
solids concentrations in the effluent. The follow ng procedure should be
used:

(a) A standard for effluent suspended solids Cy¢ nust be met consid-

ering anticipated resuspension under field conditions. A corresponding naxi-
mum concentration under quiescent |aboratory conditions is calculated as:

C
C = eff
col RF (4-11)

wher e

Maxi mum suspended solids concentration of effluent as
estimated from colum settling tests, nmilligrans suspended
solids per litre of water

Ceff = Suspended solids concentration of effluent considering
anticipated resuspension, nilligrans suspended solids per
litre of water

C
col

RF = Resuspension factor selected from Table 4-1
Table 4-1 summarizes recommended resuspension factors based on comparisons of

suspended solids concentrations as predicted fromcolum settling tests and
field data from a nunmber of sites with varying site conditions.

4-12



EM 1110-2-5027
30 Sep 87

D,
o
-
<
o
[
3
o |SS,
> co/
o
%)

Ty
MEAN RETENTION TIME

Figure 4-5. Conceptual plot of super-

nat ant suspended solids concentration

versus tine from colum settling test
Table 4-1

Recomrended Resuspension Factors for the Zone Settling Case

for Various Ponded Areas and Depths

Anti ci pated Average Ponded Depth

Anti ci pated Ponded Area | ess than 2 feet 2 feet or greater
Less than 100 acres 2.0 1.5
Geater than 100 acres 2.5 2.0

(b) Using Figure 4-5, deternmine the required mnimm nean residence tine
corresponding to C

(c) As in the case for flocculent settling of the entire slurry nass,
the nean residence tinme should be increased by an appropriate hydraulic effi-
ciency factor HECF using Equation 4-8. The resulting nininmm volunetric or
theoretical residence time T can be used to determine the required disposal
area geonetry.

f. Conputation of Design Surface Area for Flocculent Settling. The
design surface area for flocculent settling can be calculated as foll ows:

T Q,

df gd (12.1)

A (4-12)
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wher e
Ay¢ = design surface area for flocculent settling, acres
T = m ni num nean resi dence tinme, hours
Q = average inflow rate, cubic feet per second

de = average ponding depth, feet
12.1 = conversion factor acre-feet per cubic feet per second to hours

g. Estimation of Hydraulic Efficiency Correction Factor.

(1) Estimates of the field nmean retention time for expected operationa
conditions are required for prediction of suspended solids concentrations in
the effluent. Estimates of the retention time nust consider the hydraulic
efficiency of the disposal area, defined as the ratio of nean retention tine
to theoretical retention time, Field nean retention time T4 for given flow

rate and ponding conditions and the theoretical residence tine T are related
by a hydraulic efficiency correction factor as foll ows:

T
Tq = (HECF) (4-13)
wher e
T4 = mean residence time, hours
T = theoretical residence tine, hours
HECF = hydraulic efficiency correction factor (HECF > 1.0) defined

as the inverse of the hydraulic efficiency, T4T .

(2) The hydraulic efficiency correction factor HECF can be estimated
by several nethods. The npbst accurate estinmate is that nade fromdye tracer
studies to determine T, at the actual site under operational conditions at a
previous time, with the conditions sinmilar to those for the operation under
consi deration (see Appendix J). This approach can be used only for existing
sites.

(3) Alternatively, the ratio T¢ T = 1/HECF can be estimated from the
equati on:

T
Td— = 0.9 [1 - exp (-0.3 T )] (4-14)

where L/Wis the length-to-width ratio of the proposed basin. The L/W
ratio can be increased greatly by the use of internal spur dikes, resulting in
a higher hydraulic efficiency and a lower required total area

h. Determnation of Disposal Area Geonetry. Previous calculations have
provided mninmum required surface area for storage A, , a mninmum required
surface area for zone settling (if applicable) A, , and a nininum required

surface area for flocculent settling Ay . A ponding depth Hyq was also
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assumed.  These values are then used, as described in the follow ng para-
graphs, to determine the required disposal area geonetry. Throughout the
design process, the existing topography of the containment area site must be
considered since it can have a significant effect on the resulting geonetry of
the containnent area. Any linmitations on dike height should al so be deter-

m ned based on an appropriate geotechnical evaluation of dike stability (See
Chapter 6).

(1) Select the design surface area. Select the design surface area Ay

as the largest of Ay, Ag , and/or Ay . If Ay exceeds the real estate

avai l able for disposal, consider a smaller flow rate (dredge size), deeper
average ponding depth, chemical clarification, or an alternate site, and
repeat the design. |If the surface area for an existing site exceeds A, , the
existing surface area may be used for Ay .

(2) Conpute height of the dredged material and dikes. The follow ng
procedure shoul d be used:

(a) Estimate the thickness of the dredged naterial at the end of the
di sposal operation:

= v -
Bym = 3 (4-15)
d
where
Hym = thickness of the dredged material layer at the end of the
dredgi ng operation, feet
V = volume of dredged material in the basin, cubic feet (from

Equation 4-4)
A, = design surface area, square feet (as deternined above)

(b) Add the ponding depth and freeboard depth to H,, to deternine the
required containnment area depth (dike height):

Hak = Yam T Hoa T ey (4- 16)

wher e
Hy = dike height, feet

H,q = average ponding depth, feet (a mininumof 2 feet is
r ecommended)

H;, = freeboard above the basin water surface to prevent wave
overtoppi ng and subsequent damage to confining earth dikes,
feet (a mnimum of 2 feet is reconrended)

4-4, \Wir Design and Operation. The purpose of the weir structure is to reg-
ulate the release of ponded water from the containment area. Proper weir
design and operation can control resuspension and w thdrawal of settled

sol i ds.
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a. Qidelines for Weir Design.

(1) Weir design and containment sizing. Wir design is based on pro-
viding the capability for selective withdrawal of the clarified upper |ayer of
ponded water. The weir design guidelines as developed in the follow ng para-
graphs are based on the assunptions that the design of the contai nment area
has provided sufficient area and vol ume for sedi mentation and that short-
circuiting is not excessive

(2) Effective weir length and pondi ng depth.

(a) Ponding depth and effective weir length are the two nobst inportant
parameters in weir design. The weir design guidelines presented in this sec-
tion allow evaluation of the trade-off involved between these paraneters.

(b) In order to naintain acceptable effluent quality, the upper |ayers
containing |low |l evels of suspended solids should be ponded at depths greater
than or equal to the mninmumdepth of the withdrawal zone, which will prevent
scouring settled material. The withdrawal zone is the area through which
fluid is removed for discharge over the weir as shown in Figure 4-6. The size
of the withdrawal zone affects the approach velocity of flow toward the weir
and is generally equal to the depth of ponding

(c) The weir shape or configuration affects the dinensions of the wth-
drawal zone and consequently the approach velocity. Since weirs do not extend
across an entire side of the containnent area, flow concentrations of varying
degree occur near the weir, resulting in higher local velocities and possible
resuspension of solids. Longer effective weir lengths result in |ess concen-
tration of flow  The minimmw dth through which the flow nmust pass may be
termed the effective weir length L, .

(d) The relationship between effective weir length and pondi ng depth
necessary to discharge a given flow without significantly entraining settled
material is illustrated by the nomograph in Figure 4-7

(3) Design procedure. To design a new weir to neet a given effluent
suspended solids level, the follow ng procedure should be used

(a) Select the appropriate operating line in the |ower portion of the
nonogr aph based on the governing settling behavior of the dredged materia
slurry (zone or flocculent).

(b) Construct horizontal lines at the design inflowrate Q and the

pondi ng depth expected at the weir as shown in the key in Figure 4-7. This
pondi ng depth nmay be | arger than the average ponding depth for |arge contain-
ment areas as the result of a slope taken by the settling material. The pond-
ing depth at the weir may be estimated by using the follow ng equation:

de(weir) = de + 1/2 Lps (0.001) (4-17)
wher e

de(meir) = estimated ponding depth at the weir, feet
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Figure 4-6. Conceptual illustration of wthdrawal depth

and velocity profile

de = average ponding depth, feet
L s length of ponded surface between inflow point and weir,
P feet
(c) Construct a vertical line fromthe point of intersection of the hor-

i zontal ponding depth line and the selected operating line of the nompbgram
The required effective weir length is found at the intersection of the verti-
cal line and the horizontal design flow line. An exanple is shown in the key
in Figure 4-7.

(d) Determine the nunber of weir structures, the physical dinmensions of
each, and the locations, based on the weir type to be used and the configura-
tion of the containment area. |If a satisfactory balance between effective
wei r length and pondi ng depth cannot be achieved, intermttent operation or
use of a snaller dredge may be required to prevent resuspension at the weir as
the containment area is filled. An illustrative problemis given in
Appendi x C.

(4) Effect of weir type.

(a) Rectangular weirs. Rectangular weirs are the commonly used weir
type and may consist of a rectangular wood- or netal-framed inlet(s) or half-
cylindrical corrugated netal pipe riser(s). The effective weir length is
equal to the actual weir crest length for rectangular weirs as illustrated in
Figure 4-8a.
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(b) Jutting weirs. A nodified formof the rectangular weir is the
jutting weir (see Figure 4-8b). It is possible to achieve a greater effective
weir length using a jutting weir since the effective length L. equals L + 2J
as shown in Figure 4-8b

(c) Polygonal (labyrinth) weirs. Polygonal (labyrinth) weirs have been
used to reduce the depth of flow over the weir. However, use of such weirs
has little inpact on effluent suspended solids concentrations since the con-
trolling factor for the depth of withdrawal is usually not the flow over the
weir but the approach velocity. Therefore, the approach velocity and the
wi t hdrawal depth for the rectangular weir in Figure 4-8a would be the same as
that for the polygonal weir in Figure 4-8c since both weirs have the sane
effective length L. , even though the total weir crest length for the poly-

gonal weir is considerably greater. Use of polygonal weirs is not reconmended
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because of the greater cost and the marginal inprovement of effluent quality
real i zed when using such a weir.

(d) Shaft-type weirs. In sone cases, the outflow structure is a four-
sided drop inlet or shaft located within the containment area as shown in
Figure 4-8d. In evaluating the effective weir length for shaft-type weirs,

the approach velocity is a key consideration. To mininize the approach vel oc-
ity and hence the withdrawal depth, the shaft weir should not be placed too
near the dike. In Figure 4-8d, location A is the nost desirable since flow
can approach from all sides (four effective sides). Location B is |less desir-
abl e since flow can approach fromonly three directions (three effective
sides). Location Cis the least desirable since it has only two effective
sides. Since effluent pipes nmust run fromthe shaft weir under the dike to
the receiving stream a location such as A in Figure 4-8 may not be optinal
since it is far fromthe dike and will require a longer pipe than Location B

(e) Converting weir length. To convert the weir length determined from
the design nonographs to length Lg of a side of the square shaft weir, use
the follow ng fornula:

o

- _© -
L == (4-18)

where n is the nunber of effective sides of a shaft-type weir. A side is
considered effective if it is at least 1.5 Ly feet away fromthe nearest dike,

mounded area, or other dead zone. This distance is generally accepted as
being sufficient to prevent the flow restriction caused by the flow contrac-
tion and bending due to the walls.

(5) Structural design. Wirs should be structurally designed to wth-
stand anticipated |oadings at maximum ponding elevations. Considerations
shoul d be given to uplift forces, potential settlenment, access, corrosion
protection, and potential piping beneath or around the weir. Additiona
i nformation regarding structural design of weirs is found in WES TR D-77-9
(item16). CQutlet pipes for the weir structure nust be designed to carry
flows in excess of the flow rate for the largest dredge size expected. Larger
flow capacity of the outlet pipes may be needed if an energency rel ease of
ponded water is required

h. Weir Qperation.
(1) Weir boarding

(a) Adequate ponding depth during the dredging operation is maintained
by controlling the weir crest elevation. Weir crest elevations are usually
controlled by placing boards within the weir structure. The board heights
should range in size from2 to 10 inches, and thickness should be sufficient
to avoid excessive bending as the result of the pressure of the ponded water.

(b) Weir boarding shoul d be determ ned based on the desired ponding

elevation as the dredging operation progresses. Small boards (e.g., 2 inches)
shoul d be placed at the top of the weir in order to provide nore flexibility
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in controlling ponding depth. Use of larger boards in this nost critical area
may result in increased effluent suspended solids concentrations as weir

boards are manipul ated during the operation. Figure 4-9 shows the recommended
weir boarding used for a mininum ponding depth of 2 feet.

(2) Operational guidelines for weirs. Sonme basic guidelines for weir
operation are given bel ow

(a) If the weir and the disposal site are properly designed, intermt-
tent dredging operation should not becone necessary unless the required pond-
ing depth cannot be maintained.

(b) While the weir is in operation, floating debris should be periodi-
cally removed fromthe front of the weir to prevent larger withdrawal flows at
greater depths.

(c) If multiple weirs or a weir with several sections is used in a
basin, the crests of all weirs or weir sections should be namintained at equa
el evations, in order to prevent local high velocities and resuspension in
front of the weir with |ower elevation.

(d) If the effluent suspended solids concentration increases above
acceptable limts, the ponding depth should be increased by raising the eleva-
tion of the weir crest. However, if the weir crest is at the maxi num pondi ng
el evation and the effluent quality is still unacceptable, the flowinto the
basin should be decreased by operating internittently.

(e) The weir may be controlled in the field by using the head over the
weir as an operational parameter since the actual volunetric flow over the
wei r cannot easily be neasured

(3) Operating head. The static head with the related depth of flow
over the weir is the best criterion now available for controlling weir
operation in the field. Wirs utilized in containment areas can usually be
consi dered sharp crested where the weir crest thickness t,, is less than two-

thirds the depth of flow over the weir h as seen in Figure 4-6. The ratio
of depth of flow over the weir to the static head h/H, equals 0.85 for

rectangul ar sharp-crested weirs. Oher values for the ratio of depth of flow
to static head for various weir configurations may be found in the Handbook of
Applied Hydrology (item 7). The weir crest length L , static head H, , and

depth of flow over the weir h are related by the follow ng equations for
rectangul ar sharp-crested weirs:

r Q 2/3
H = [0.3 EJ (4-19)

and
h = 0.85HS (4-20)

wher e
Hs = static head above the weir crest, feet

4-21



EM 1110-2-5027

30 Sep 87
— MAXIMUM PONDING
' ELEVATION
4} poNDING DEPTH
%, Op  (MINIMUM)
T
*NOMINAL DIMENSIONS 10
'*” LAYER OF
10" |AaccuMULATED soLIDS
4+ | (MaxiMum}
:? —
= T H dm
TIl
(WEIR OUTLET 10
‘/ T A -i-n
\ 10
l 1 _
\ / m
N / 10
- _ - v WEIR INVERT
ELEVATION

Figure 4-9. Recommended boarding configuration

Q=flowrate, cubic feet per second (Q=Q = Q for continuous
oper ati on)

Q =clarified effluent rate, cubic feet per second
L = weir crest length, feet
h = depth of flow over the weir crest, feet

These relationships are shown graphically in Figure 4-10. |If a given flow
rate is to be maintained, Figure 4-10 can be used to deternine the correspond-
ing head and depth of flow If the head in the basin exceeds this val ue,
additional weir boards can be added, or the dredge can be operated intermt-
tently until sufficient water is discharged to | ower the head to an acceptable
level. Since the depth of flow over the weir is directly proportional to the
static head, it nay be used as an operating paraneter. The operator need not
be concerned with head over the weir if effluent suspended solids concentra-
tions are acceptable.

(4) Weir operation for undersized basins. |If the basin is undersized
and/or inefficient settling is occurring in the basin, added residence tine
and reduced approach velocities are needed to achieve efficient settling and
to avoid resuspension, respectively. Added residence tinme can be obtained by
raising the weir crest to its highest elevation to maximze the ponding depth
or by operating the dredge intermttently. The residence tine with intermt-
tent dredging can be controlled by naintaining a nmaxi num al | owabl e static head
or depth of flow over the weir based on the effluent quality achieved at vari-
ous weir crest elevations.

(5) Weir operation for decanting, Once the dredging operation is com
pleted, the ponded water nust be renpved to pronote drying and consolidation
of dredged material. Weir boards should be renmoved one row at a time to
slowy decant the ponded water. Preferably, 2- by 4-inch boards should be
| ocated as described in previous paragraphs in order to mnimze the wth-
drawal of settled solids. A row of boards should not be renoved until the
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water level is drawn down close to the weir crest and the outflow is |ow

This process should be continued until the decanting is conpleted. It is
desirable to eventually renmove the boards bel ow the dredged material surface
so that rainwater can drain fromthe area. These boards can be removed only
after the material has consolidated sufficiently so that it will not flow from
the basin. If it begins to do so, the boards should be replaced. In the

final stages of decanting ponded water, notched boards may be placed in the
weir, allowing low flow for slow removal of surface water.

4-5. Design of Chenmical Carification Systenms. Pipeline injections of chenmi-
cals for clarification into the dredge inflow pipeline have shown only limted
effectiveness and require much higher dosages of chemicals, This section
therefore presents only the design procedures for chemical clarification of
primary containment area effluents. The design is conposed of three subsys-
tems: the polymer feed system including storage, dilution, and injection;

the weir and discharge culvert for mxing; and the secondary basin for set-
tling and storage. The treatnent system should be designed to mnimze equip-
ment needs and to sinplify operation. Detailed procedures and exanples are
presented in Appendix G
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CHAPTER 5
LONG TERM STORAGE CAPACI TY OF CONTAI NMENT AREAS

5-1. Factors Affecting Long-Term Storage Capacity.

a. General

(1) In order that the maxi mum benefits can be derived from areas con-
structed for the confined disposal of dredged material, the design and oper-
ation plan nust accurately account for the long-termincrease in storage
capacity in contai nment areas resulting fromdecreases in the height of
dredged fill deposited. The height of the dredged fill decreases by three
natural processes: sedi nentation, consolidation, and desiccation. Sedi nent a-
tion is a relatively short-term process, whereas consolidation and desiccation
are long-term processes. Design of containnment areas for effective sedinenta-
tion was discussed in Chapter 4. This chapter presents guidelines for esti-
mating | ong-term contai nnent area storage capacity, considering both dredged
material consolidation and dewatering (evaporative drying). The storage
capacity is defined as the total volune available to hold additional dredged
material and is equal to the total unoccupied volume minus the volunme asso-
ciated with ponding requirements and freeboard requirenments. The estimation
of long-termstorage capacity is an inportant consideration for long-term
pl anni ng and design of new containnent areas or eval uation of the remaining
service life of existing sites.

(2) After dredged material is placed within a containment area, it
under goes sedi nentation and sel f-weight consolidation, resulting in gains in
storage capacity. The placement of dredged material also inposes a loading on
the containment area foundation; therefore, additional settlenent nay result
from consolidation of conpressible foundation soils. Settlement due to con-
solidation is therefore a major factor in the estimation of |ong-term storage
capacity. Since the consolidation process is slow, especially in the case of
fine-grained materials, it is likely that total settlenment will not have taken
pl ace before the containnent area is required for additional placenment of
dredged material. Settlement of the containing dikes may also significantly
affect the available storage capacity and should be considered. Once a given
active dredging operation ends, the ponded surface water required for settling
is decanted, exposing the dredged material surface to desiccation (evaporative
drying). This process can further add to long-termstorage capacity and is a
ti me- dependent and climate-dependent process. Active dewatering operations
such as surface trenching can speed the natural dewatering process. A concep-
tual diagram illustrating these processes is shown in Figure 5-1

(3) Quidelines for estinmation of gains in long-termcapacity due to set-
tlement within the containnent area are based on the fundanental principles of
consol idation theory nodified to consider the self-weight consolidation behav-
ior of newy placed dredged nmaterial. The guidelines are presented in the
follow ng paragraphs; illustrative exanples are found in Appendix F
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Figure 5-1. Conceptual diagram of dredged material consolidation and
dewat ering processes.

b. Dredged Material Consolidation. Three types of consolidation may
occur in dredged naterial containnent areas. These are prinary consolidation,
secondary consolidation, and consolidation resulting from desiccation

(1) Primary consolidation. The Terzaghi standard theory of one-
di nensi onal consolidation has received wi despread use anpbng geotechnical engi-
neers and continues to be the first choice for estination of settlements. The
Terzaghi or "small strain theory" has received w despread application for con-
solidation problens in which the magnitude of settlenent is small in conpari-
son to the thickness of the consolidating layer. In contrast to the snal
strain theory, a "finite strain theory" for one-dinensional consolidation is
better suited for describing the large settlenents common to the prinary con-
solidation of soft fine-grained dredged nmmterial. Calculation techniques are
di scussed in 5-2

(2) Secondary consolidation. The process of secondary consolidation or
"creep" refers to the rearrangenent of soil grains under load follow ng com
pletion of primary consolidation. This process is not normally considered in
settlenment analyses and is not considered in this manual

(3) Desiccation consolidation. There are basically two phenonena that

control the amount of consolidation caused by desiccation of fine-grained
dredged material. The first is the evaporation of water fromthe upper
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sections of the dredged naterial. The resulting reduction in its noisture

content causes a reduction in void ratio or volume occupied due to the nega-
tive pore water pressure induced by the drying. This can be referred to as
the dewatering process and is discussed in 5-1.c.

(4) Consolidation in underlying material. An additional process influ-
encing settlement involves the primary consolidation in underlying materi al
when the free water surface is lowered. As the water surface noves downward,
the unit weight acting on |ower material changes from buoyant unit weight to
effective unit weight. The naterial below the new water level is therefore
subjected to an additional surcharge.

c. Dredged Material Dewatering Processes.
(1) Ceneral process description.

(a) Desiccation of dredged material is basically removal of water by
evaporation and transpiration. In this report, plant transpiration is consid-
ered insignificant due to the recurrent deposition of dredged fill and is
therefore disregarded. Evaporation is mainly controlled by such variables as
radi ati on heating from the sun, convective heating from the earth, air tenper-
ature, ground tenperature, relative hunmidity, and wi nd speed.

(b) However, other factors nust also be taken into account. For
instance, the evaporation efficiency is normally not a constant but sonme func-
tion of depth to which the |ayer has been desiccated and al so i s dependent on
the amount of water available for evaporation.

(c) It is practical to nmake desiccation calculations on a nonthly basis
because of the availability of long-termnonthly average rainfall and pan
evaporation data. Rainfall and pan evaporation data have been tabul ated and
published in climatic summaries by the US Weat her Bureau for many areas of
this country. Tables of average nonthly rainfall for select stations are
available from the National Cceanic and Atnospheric Adninistration (NOAA)
(item 25). Maps of monthly pan evaporation are presented in Appendix H In
the absence of nmore site-specific data, these sources can be used for specifi-
cation of climatic data.

(2) Evaporative stages.

(a) Evaporative drying of dredged material leading to the fornation of a
desiccated crust is a two-stage process. The renoval of water occurs at dif-
fering rates during the two stages as shown in Figure 5-2. The first stage
begi ns when all free water has been decanted or drained fromthe dredged mate-
rial surface. The void ratio at this point e, corresponds to zero-

effective stress as deternmined by |aboratory sedinentation and consolidation
testing. This initial void ratio has been enpirically deternmned to be

at a water content of approximately 2.5 times the Atterberg liquid limts (LL)
of the material.

(b) First-stage drying ends and second stage begins at a void ratio that
may be called the "decant point or saturation limt" egq . The egq of

5-3



EM 1110-2-5027
30 Sep 87

1.0 ‘[
> ’
2 e
w
)
W
L
W
W
Z
°
-
q
[+ 4
o]
a
q
>
W
0 T + el —
(o) END OF PRACTICAL END OF t
FIRST-STAGE SECOND-STAGE
DRYING DRYING
TIME

Figure 5-2. Dredged material evaporative efficiency
as a function of tine

typical dredged material has been enpirically deternmined to be at a water con-
tent of approximately 1.8 LL.

(c) Second-stage drying will be an effective process until the naterial
reaches a void ratio that nay be called the "desiccation limt" or ey, . \en
the ep reaches a liniting depth, evaporation of additional water from the

dredged naterial wll effectively cease. Any additional evaporation wll be
[imted to excess nmoisture fromundrained rainfall and that water forced out
of the material as a result of consolidation of material below the crust. The
ep. of typical dredged material may roughly correspond to a water content of

1.2 plastic limt (PL). Also associated with the ey of a material is a
particul ar percentage of saturation that probably varies from 100 percent to
sonething slightly less, depending on the material.

5-2. Estimation of Long-Term Storage Capacity.

a. Data Requirenents. The data required to estimate |ong-term storage
capacity include the consolidation and desiccation properties of the fine-
grained dredged material, the consolidation properties of conpressible founda-
tion soils, and project data. Any system of units is permssible as long as
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the dinmensions are consistent. For exanple, if layer thickness is in feet and
time is in days, then permeability nust be in feet per day. The data required
are as follows:

di sposal

drying.

limt,

Conpressi bl e foundation characteristics.

Specific gravity of the soil solids.

Initial thickness of the conpressible foundation

Rel ationship between the void ratio and the effective stress.
Rel ati onshi p between the void ratio and the perneability.

Fi ne-grained dredged material characteristics.

Specific gravity of the soil solids.

Thi ckness of the initial material deposit.

Initial void ratio of the deposit.

Unit weight of water.

Rel ationship between the void ratio and the effective stress.
Rel ati onship between the void ratio and the perneability.
Filling sequence, including average thickness of deposit, tine of
and estimated time until the material is exposed to evaporative
El evation of a permanent water table.

Void ratio corresponding to the end of nmaxi mum evaporation
Void ratio at the end of effective material drying.
Efficiency of surface runoff drainage in the area.

Mont hly average pan evaporation val ues.

Mont hly average rainfall val ues.

Average pan-to-field evaporation coefficient.

Percent saturation of the material when dried to the desiccation

including the desiccation crack volumne.

(p)

Maxi mum t hi ckness of the dried crust.
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(3) Inconpressible foundation characteristics.
(a) Void ratio at the upper surface.
(b) Permeability at the upper surface.
(c) Drainage path length
(d) Elevation of the upper surface.
b. Storage Capacity-Time Relationship
(1) The estimated tine-settlenents due to dredged material consolidation

and dewatering and foundation consolidation may be conbined to yield a tine-
total settlenent relationship for a single lift as shown in Figure 5-3.

FOUNDATION SETTLEMENT

DREDGED MATERIAL SETTLEMENT

TOTAL SETTLEMENT
~Z

~—
\

——
"s-

e CUMULATIVE SETTLEMENT, FT

TIME

Figure 5-3. Illustrative time-consolidation
rel ationshi ps

These data are sufficient for estimation of the renmmining capacity in the
short term However, if the containment area is to be used for |ong-term
pl acement of subsequent |ifts, a projected plot of dredged naterial surface
hei ght versus tine should be developed. This plot can be devel oped using
time-settlenment relationships for sequential lifts conmbined as shown in
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Figure 5-4. Such data may be used for prelinmnary estimtes of the |ong-term
service life of the containnent area

(2) The nmaxi num di ke height as deternined by foundation conditions or
ot her constraints and the containment surface area will dictate the maxi mum
avai |l able storage volume. The increases in dredged material surface height
during the dredgi ng phases and the decreases during settlenment phases corre-
spond to respective decreases and increases in renaining containnent storage
capacity, shown in Figure 5-5. Projecting the relationships for surface
hei ght or for remaining capacity to the point of nmaximum all owabl e hei ght or
exhaustion of remmining capacity, respectively, will yield an estimate of the
containment area service life. Gains in capacity due to anticipated dewater-
ing or material renoval should also be considered in naking the projections.

(3) The conplex nature of the consolidation and desiccation relation-
ships for nmultiple lifts of conmpressible dredged material and the changi ng
nature of the resulting |loads inposed on conpressible foundation soils nay
result in errors in projections of remaining storage capacity over long tine
periods. Accuracy can be greatly inproved by updating the estimtes every few
years using data from newy collected sanples and l|aboratory tests. Cbserved
field behavior should also be routinely recorded and used to refine the
proj ections.

MAXIMUM ALLOWABLE
T HEIGHT ~.
~————
e MAXIMUM
SERVICE
LIFE

DREDGED MATERIAL _/
SURFACE HEIGHT -——
DREDGING .
FREQUENCY / =
l -———— LEGEND
- DREDGING PHASE

SETTLEMENT PHASE ==~ ~ = +=L

TIME

HEIGHT OF DREDGED MATERIAL SURFACE —e=

Figure 5-4. Projected surface height for determ nation of
contai nment area service life
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Figure 5-5. Projected storage capacity for determ nation
of containment area service life

c. Overview of Estimation Techniques
(1) Small strain versus finite strain consolidation

(a) The nost applicable procedure for estimating consolidation in soft
dredged naterial is the finite strain consolidation theory. The nmgnitude of
consol i dation as deternmined by small strain techniques is equivalent to that
determined by the finite strain technique. However, the time rate of consoli-
dation is overly conservative for small strain in that the rate of consolida-
tion as predicted is slow when conpared to field behavior. Details on the
theoretical background for the finite strain theory are given in WS TR D-83-1
and TR D-85-4 (itens 5 and 6)

(b) The advantages of using the finite strain technique for the estima-
tion of dredged material consolidation settlenent are summarized in Table 5-1
The technique accounts for the nonlinearity of the void ratio, perneability,
and coefficient of consolidation relationships that nust be consi dered when
large settlements of a layer are involved. Hand calculations using the finite
strain approach have been developed and are presented in this manual. How
ever, the technique is nore easily applied using a conputer program

(2) Enpirical nethods for estimating desiccation behavior. Enmpirical
equations for estimating the settlement of a dredged material |ayer due to
desi ccation and the thickness of dried crust were devel oped for the purpose
of determining feasibility and benefits of active dewatering operations
(item 14). The enpirical relationships have been refined (Item 6) to
consi der the two stage process of desiccation and the overall water bal ance
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Table 5-1

Comparison of Small Strain and Finite Strain Consolidation Techniques

Consi der ati on Finite strain Smal| strain
Range of void ratios Very |arge Very smal
Sel f - wei ght I ncl uded Not incl uded

Void ratio/effective stress
rel ationship Nonl i near Li near

Void ratio/pernmeability
rel ationship Variabl e Const ant

relationships that exist within a dredged material disposal area. The inter-
action of the desiccation process with dredged material consolidation due to
sel f-wei ght has been incorporated in conputer prograns for estimating |ong-
term storage capacity. The refined enpirical relationships can be easily
applied in deternmining the benefits of dewatering prograns and provide
increased accuracy in storage capacity evaluations

(3) Hand cal cul ation versus conputer solution

(a) The use of conputer nodels can greatly facilitate the estimation of
storage capacity for containment areas. Although the conputations for sinple
cases can be easily and quickly done by hand, the analyses often require com
putations for a nultiyear service life with variabl e di sposal operations and
possi bly naterial renoval or dewatering operations occurring intermttently
throughout the service life. These conplex conputations can be done nore
efficiently using a conputer nodel

(b) The use of conputer nodels hol ds added advantage when considering
the additional settlements that occur as the result of dredged naterial desic-
cation (dewatering). The estimation of desiccation behavior can also be done
by means of hand calcul ations; however, the interaction between desiccation
and consol i dation cannot be handled by direct hand conputation, but instead
woul d require cunbersone iterative calculations. A conputer programis wel
suited to handl e the cal cul ati ons of both consolidation and desiccation and
the interaction between the two processes.

(c) Methods of hand calculation for finite strain consolidation and
desiccation are presented in Appendix F. These calculations are manageable
for estination of settlenents in one dredged material |ayer. However, if
storage capacity estimates nust be made for rmultiple disposal operations, the
use of conputer progranms is recommended
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d. Conputer Solutions for Consolidation and Desiccation.

(1) The reconmended conputer nodel for use in predicting the long term
capacity of disposal areas is docunmented in the Automated Dredging and Di s-
posal Alternatives Managenent System (ADDAMS) described in Chapter 8 of this
manual . The programis entitled "Primary Consolidation and Desiccation of
Dredged Fill (PCDDF)" and incorporates the concepts described in this chapter
Theoretical documentation, description of solution techniques, and a user
guide are available (item 6). An expanded user guide with plotting routines
for results is found in the ADDAMS instruction report (item 19)

(2) Exanples of the results obtained using the PCDDF nodel are shown in
Figures 5-6 and 5-7. These are plots of dredged material surface elevation
versus time for several cases including multiple |ayers deposited at varying
times. Field data collected at the respective sites are also shown for
conpari son.

5-3. Dredged Material Dewatering Operations.

a. General.

(1) Surface trenching for inmproved drainage and use of underdrains are
the only technically feasible and economically justifiable dewatering tech-
niques for dredged naterial containment areas. The use of underdrains has
been successfully applied on a small scale; however, their use in large dis-
posal areas has not been proven econonical as conpared with surface drai nage
techniques. Accordingly, this section describes only techniques recomended
for inprovenent of surface drainage through trenching. CQuidance for applica-
tion of underdrains is found in WES Technical Report DS-78-11 (item 14).

(2) Four major reasons exist for dewatering fine-grained dredged nate-
rial placed in confined disposal areas:

(a) Pronotion of shrinkage and consolidation, |eading to creation of
more volunme in the existing disposal site for additional dredged materi al

(b) Reclamation of the dredged material into nore stable soil formfor
renmoval and use in dike raising, other engineered construction, or other pro-
ductive uses, again creating nore available volume in the existing disposa
site.

(c) Creation of stable fast land at a known final elevation and with
predi ctabl e geotechnical properties.

(d) Benefits for control of mpsquito breeding.

b. Conceptual Basis for Dewatering by Progressive Trenching. The fol-
| owi ng nechani snms were found to control evaporative dewatering of fine-grained
dredged material placed in confined disposal areas:

(1) Establishment of good surface drainage allows evaporative forces to

dry the dredged material fromthe surface downward, even at disposal area
| ocations where precipitation exceeds evaporation (negative net evaporation)
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(2) The nost practical mechanism for precipitation renoval is by runoff
t hrough crust desiccation cracks to surface drainage trenches and off the site
through outlet weirs.

(3) To maintain effective drainage, the flowline elevation of any sur-
face drainage trench nmust always be | ower than the base of crust desiccation
cracks; otherw se, ponding will occur in the cracks. As drying occurs, the
cracks w Il become progressively deeper.

(4) Below the desiccation crust, the fine-grained subcrust material may
be expected to exist at water contents at or above the liquid limt (LL).
Thus, it will be difficult to physically construct trenches nmuch deeper than
the bottom of the adjacent desiccation crust.

(5) To promote continuing surface drainage as drying occurs, it is nec-
essary to progressively deepen site drainage trenches as the water table falls
and the surface crust becones thicker; thus, the name "progressive trenching”
was devel oped for the concept.

(6) During conduct of a progressive trenching program the elevation
di fference between the internal water table and the flow |ine of any drainage
trench will be relatively small. Wen the relatively |ow permeability of
fine-grained dredged material is conbined with the small hydraulic gradient
likely under these circunstances, it appears doubtful that appreciable water
can be drained from the dredged material by gravity seepage. Thus, criteria
for trench location and spacing should be based on site topography so that
precipitation is rapidly removed and ponding is prevented, rather than to
achi eve nmarked drawdown from seepage.

c. Effects of Dewatering. The net observable effects of inplenenting
any program of dewatering by inproved surface drainage will be as foll ows:

(1) Disappearance of ponded surface water.

(2) Runoff of the majority of precipitation fromthe site within a few
hour s.

(3) Gadual drying of the dredged material to nore stable soil form
(4) Vertical settlenent of the surface of the disposal area.

(5) Ability to work within the disposal area with conventional
equi prment .

d. Initial Dewatering (Passive Phase).

(1) Once the disposal operation is conpleted, dredged naterial usually
under goes hindered sedi mentati on and sel f-wei ght consolidation (called the
"decant phase"), and water will be brought to the surface of the consolidating
material at a faster rate than can normally be evaporated, During this phase,
it is extremely inportant that continued drainage of decant water and/or pre-
cipitation through outlet weirs be facilitated. Weir flowline elevations may
have to be |l owered periodically as the surface of the newy placed dredged
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material subsides. Guidelines for appropriate disposal site operation during
thi s passive dewatering phase, to naximze decant and precipitation water
release while maintaining appropriate water quality standards, are described
in Chapter 7.

(2) Once the fine-grained dredged naterial approaches the decant point
water content, or saturation limt as described previously, the rate at which
water is brought to the surface will gradually drop below the clinmatic evapo-
rative demand. |f precipitation runoff through site outflow weirs is facili-
tated, a thin drying crust or skin will formon the newy deposited dredged
material. The thin skin may be only several hundredths of a foot thick, but
its presence may be observed by noting small desiccation cracks that begin to
format 3- to 6-foot intervals, as shown in Figure 5-8. Once the dredged
material has reached this consistency, active dewatering operations my be
initiated

e. Dewatering by Progressive Trenching.
(1) Three procedures have been found viable to initiate active dredged

materi al dewatering by inproved surface drai nage, once the material has
achi eved consistency conditions shown in Figure 5-8: periodic perineter

Figure 5-8. Surface of fine-grained dredged material at the
earliest tinme when surface trenching should be
attenpted; initial cracks are spaced at 3-
to 6-foot intervals, and the surface water
content approaches 1.8 x LL
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trenching by dragline, with draglines working initially from perineter dikes
and subsequently from berns established inside the perinmeter dikes; periodic
interior site trenching; or a conmbination of these two methods. This section
presents information necessary to properly conduct dewatering operations by
these procedures. Only the last two procedures will result in total site
dewatering at the maximum rates. The first procedure would have, in nany
instances, an effective interior dewatering rate considerably less than the
predicted nmaxi num rate, though the exact |ower rate would be highly
site-specific.

(2) Perinmeter dragline trenching operations.

(a) Construction of trenches around the inside perinmeter of confined
di sposal sites is a procedure that has been used for nmamny years to dewater
and/or reclaim fine-grained dredged material. In many instances, the purpose
of dewatering has been to obtain convenient borrow for use in perineter dike
raising activities. Draglines and backhoes have been found to be adaptable to
certain activities because of their relatively long boom | ength and/or nethod
of operation and control. The perineter trenching schene should be planned
carefully so as not to interfere with operations necessary for |ater dewater-
ing or other nmanagement activities.

(b) When initiating dragline trenching operations, the |argest size,
| ongest boom |l ength dragline that can be transported efficiently to the dis-
posal site and can operate efficiently on top of disposal site dikes should be
obtained. Qperations should begin at an outflow weir l|ocation, where the
dragline, operating from the perimeter dike, should dig a sump around the weir
extending into the disposal area to maxi num boom and bucket reach. The very
wet excavated material is cast against the interior side of the adjacent
perinmeter dike. It nmay be necessary to board up the weir to prevent the very
wet dredged material fromfalling into the weir box during the sunp-digging
operation. A localized |low spot some 1 or 2 inches in elevation below the
surrounding dredged material can be formed. Once the sump has been conpleted
weir boards should be removed to the level of the dredged material, and, if
necessary, handwork should be conducted to ensure that any water flowing into
the sunp depression will exit through the outflow weir.

(c) Once the sunp has been conpleted, the dragline should operate along
the perimeter dike, casting its bucket the maximm practicable distance into
the disposal area, dragging material back in a wide shallow arc to be cast on
the inside of the perineter dike. A wde shallow depression 1 to 2 inches
| ower than the surrounding dredged material will be formed. The cast materi al
will stand on only an extremely shallow (1 vertical on 10 horizontal or [ess)
slope. A small dragline should be able to acconplish between 200 and
400 linear feet of trenching per working day.

(d) Dredged material near the ditch edge will tend to dry slightly
faster than material located farther out in the disposal site, with resulting
dredged material shrinkage giving a slight elevation gradient fromthe site
interior toward the perimeter trenches, also facilitating drainage (Fig-
ure 5-9). In addition, desiccation crack formation will be nore pronounced
near the drainage trenches, facilitating precipitation runoff through the
cracks to the perimeter trenches.
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Figure 5-9. Shallow initial perimter trench constructed by dragline
operating from perineter dike

(e) Once appreciable desiccation drying has occurred in the dredged
material adjacent to the perinmeter trench and the naterial cast on the inte-
rior slope of the perineter dike has dried, the perimeter trenches and weir
sunps should be deepened. The exact time between initial and secondary trench
deepening will vary according to the engineering properties of the dredged
material and existing climatol ogical conditions, ranging from2 or 3 weeks
during hot, dry summer months up to 8 or 10 weeks in colder, wetter portions
of the year. Inspection of the existing trenches is the nost reliable guide-
line for initiating new trench work, since desiccation cracks 1 or 2 inches
deep shoul d be observed in the bottom of existing trenches before additiona
trenching is begun. Depending on the size of the disposal area, relative
costs of nobilization and denobilization of dragline equipnent, and the rel a-
tive priority and/or need for dewatering, it nmay prove convenient to enploy
one or nore draglines continuously over an interval of several nmonths to peri-
odically work the site. A second trenching cycle should be started upon com
pletion of an initial cycle, a third cycle upon conpletion of the second
cycle, etc., as needed.

(f) During the second trenching, wide shallow trenches with a maximm
depth of 2 to 6 inches below the surface of adjacent dredged material can be
constructed, and sunmps can be dug to approximately 8 to 12 inches bel ow sur-

rounding dredged material. These deeper trenches will again facilitate nore
rapi d dewatering of dredged material adjacent to their edges, with resulting
shrinkage and deeper desiccation cracks providing a still steeper drainage

flow gradient fromthe site Interior to the perimeter trenches.
(g) After two or perhaps three conplete periodic perimeter dragline

trenching cycles, the next phase of the trenching operation may be initiated
In this phase, the dragline takes the now dry material placed on the interior
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of the perimeter dike and spreads it to forma |ow berm adjacent to the dike
inside the disposal area. The dragline then noves onto this berm using sin-
gle or double mats if required and using the increased digging reach now

avail able, and wi dens and extends the ditch into the disposal site interior,
as shown in Figure 5-10. The interior side of the ditch is conposed of mate-
rial previously dried, and a ditch 12 to 18 inches deep nay be constructed, as
shown in Figure 5-11. Material excavated fromthis trench is again cast on
the interior slope of the perimeter dike to dry and be used either for raising
the perineter dike or for subsequent berning farther into the disposal area

(h) After two or nore additional periodic trench deepenings, working
from the berm inside the disposal area, trenches up to 3 to 5 feet deep may be
conpleted. Trenches of this depth will cause accelerated drying of the
dredged material adjacent to the trench and produce desiccation cracks extend-
ing alnost the entire thickness of the adjacent dredged material, as shown in
Figure 5-12. A well-devel oped perimeter trench network | eading to outfl ow
weirs is now possible, as shown in Figure 5-13, and precipitation runoff is
facilitated through gradual devel opment of a network of desiccation cracks
whi ch extend fromthe perimeter trenches to the interior of the site.

(i) Once a perineter trench system such as that shown in Figure 5-13 is
establ i shed, progressive deepening operations should be conducted at |ess fre-
quent intervals, and nmajor activity should be changed from deepeni ng perimeter
trenches and weir sunps to that of continued inspection to make sure that the
ditches and sunps remain open and facilitate free drainage. As a desiccation
crack network devel ops with the cracks becom ng wi der and deeper, precipita-
tion runoff rate will be increased and precipitation ponding in the site inte-
rior will be reduced. As such ponding is reduced, nore and nore evaporative
drying will occur, and the desiccation crack network will propagate toward the

Figure 5-10. Snmall dragline on mats working on berm deepens
shal | ow perinmeter drainage trench
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Figure 5-11. Construction of ditch 12 to 18 inches deep with
excavated material cast on interior slope of perimeter dike

> iy o

Figure 5-12. Desiccation crust adjacent to perineter
3- to 5-foot-deep drainage trench
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Figure 5-13. A well-devel oped perineter trenching system Morris
Island Disposal Site, Charleston District

di sposal area interior. Figure 5-13 is a view of the 500-acre Mrris Island
Di sposal Site of the Charleston District, where a 3-foot |ift of dredged mate-
rial was dewatered down to approxinmately a 1.7-foot thickness at the perineter
over a 12-nonth period by an aggressive program undertaken by the District,
of site drainage inprovement with dragline perineter trenching. Figure 5-14
shows the 12-inch desiccation crust achieved at a | ocation approximtely

200 yards from the disposal area perineter. The dredged material was a CH
clay with an LL over 100. However, despite the marked success with perineter
trenching, a close inspection of Figure 5-13 shows that ponded water still
exists in the site interior.

(3) Interior trenching.

(a) Riverine utility craft. The high water content of dredged material
during the initial dewatering stages requires the use of some type of anphibi -
ous or |ow ground-pressure equiprment for construction of trenches in the site
interior. The Riverine Uility Craft (RUC), an anphibious vehicle using twn
screws for propulsion and flotation, can successfully construct shallow
trenches in fine-grained dredged material shortly after formation of a thin
surface crust. It can also be effective in working with other equipnent in
constructing sunp areas around outflow weirs for collection of surface water.
The RUC was initially developed in the 1960's as a reconnai ssance vehicle for
mlitary applications and was used on an experinmental basis for trenching
operations. RUC vehicles have since been successfully applied in dewatering
operations in the Mbile, Charleston, and Norfolk Districts for both trenching
and surveying/sanpling applications. Even though this vehicle is perhaps the
only tool that can be used to construct shallow trenches in dredged materi al
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Figure 5-14. Desiccation crust achieved in highly plastic
clay dredged material 200 yards into disposal area by
perimeter trenching over 12-nmonth period

with little or no devel oped surface crust, its potential use in dewatering
operations is linmted. The RUC is susceptible to naintenance problens because
of the nature of the drive train and frane, which were not designed for heavy
use in trenching operations on a production basis. The nonavailability of RUC
vehicles limts their potential w despread use for routine dewatering opera-
tions. Only two vehicles are available Corps-wide. Also, field experience
has shown that the early stages of evaporative dewatering and crust devel op-
ment occur at acceptable rates considering only the natural drying processes,
perhaps aided by perinmeter trenching as described previously. Once a surface
crust of 4 to 6 inches has devel oped, nore productive trenching equipnent as
described in the follow ng paragraphs can be used.

(b) Rotary trenchers. The use of trenching equipnment with continuously
operating rotary excavation devices and | ow ground- pressure chassis is recom
nmended for routine dewatering operations. This type of equipnent has been
used successfully in dewatering operations in the Savannah District and in the
other nunerous locations along the Atlantic Coast for nosquito control. The
Charl eston, Norfolk, and Philadel phia Districts have also used this equi pment
for dewatering operations. The major features of the equipment include a
mechani cal excavation inplement with cutting wheel or wheels used to cut a
trench up to 3 feet deep. The | ow ground-pressure chassis may be tracked or
rubber tired. The major advantage of rotary trenchers is their ability to
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continuously excavate while slowy noving within the containment area. This
allows themto construct trenches in areas where the use of dragline or back-
hoe equi pment woul d cause mobility problenms. Photographs of tracked and
rubber-tired trenchers are shown in Figures 5-15 and 5-16. The excavating
wheel s can be arranged in configurations that create hem spherical or trap-
azodi al trench cross sections and can throw material to one or both sides of
the trench. The material is spread in a thin layer by the throwi ng action,
which allows it to dry quickly and prevents the creation of a wi ndrow which

m ght block drainage to the trench. Photographs of the excavating devices
ongoi ng trenching operations, and configuration of constructed trenches are
shown in Figures 5-17 through 5-22. Based on past experience, an initia

crust thickness of 4 to 6 inches is required for effective mobility of the
equi pnent.  This crust thickness can be easily formed within the first year of
dewatering effort if surface water is effectively drained fromthe area,
assisted by perinmeter trenches constructed by draglines operating fromthe
dikes. A suggested schenme for perineter and interior trenching using a conbi-
nation of draglines and a rotary trencher or other suitable equipnent is shown
in Figure 5-23

(c) Trench spacing. The minimum nunber of trenches necessary to prevent
precipitation ponding on the disposal area surface should be constructed
These trenches should extend directly to | ow spots containing ponded water.
However, the greater the nunber of trenches per unit of disposal site area
the shorter the distance that precipitation runoff will have to drain through
desi ccation cracks before encountering a drainage trench. Thus, closely
spaced trenches shoul d produce nore rapid precipitation runoff and may
slightly increase the rate of evaporative dewatering. Conversely, the greater
t he nunber of trenches constructed per unit of disposal site area, the greater
the cost of dewatering operations and the greater their inmpact on subsequent
di ke raising or other borrow ng operations. However, the rotary trenchers
have a relatively high operational speed, and it is therefore recomended that
t he maxi mum nunber of drai nage trenches be placed consistent with the specific
trenching plan selected. Trench spacings of 100 to 200 feet have nornally
been used. If topographic data are available for the disposal site interior,
they may be used as the basis for prelimnary planning of the trenching plan.

(d) Parallel trenching. The nost common trench pattern woul d enpl oy
parallel trenching. A conplete circuit of the disposal area with a peringeter
trench is joined with parallel trenches cut back and forth across the disposa
area, ending in the perimeter trench. Spacing between parallel trenches can
be varied as described above. A parallel patternis illustrated in Fig-
ure 5-22. A schematic of a parallel trenching pattern with radial conbina-
tions is shown in Figure 5-23.

(e) Radial trenching pattern. Snall disposal areas or irregularly-
shaped di sposal areas may be well suited for a radial trenching pattern for
effective drainage of water to the weir structures. The radial patterns
should run parallel to the direction of the surface slopes existing within the
area. Radial trenching patterns can al so be used to provide drai nage from
| ocalized | ow spots to the nain drainage trench pattern. Wen the disposa
area is extremely large in areal extent or when interior cross dikes or other
obstructions exist within the disposal area, sequential sets of radia
trenches may be constructed, with the sets farthest into the disposal area
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Figure 5-15. Rubber-tired rotary trencher

Figure 5-16. Track-nounted rotary trencher used in nosquito
control activities

5-21



EM 1110- 2- 5027
30 Sep 87

Figure 5-17. View of henispherical rotary trenching inplenent

Figure 5-18. View of the trapazodial rotary
trenching inplenent

5-22



EM 1110- 2- 5027
30 Sep 87

Figure 5-19. View of rotary trenching device in operation

Figure 5-20. General view of trenches forned
by rotary trencher
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Figure 5-21. Coseup view of trenches formed
by rotary trencher

Figure 5-22. General view of confined disposal area show ng
paral l el trenches in place
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Figure 5-23. Conbination radial-parallel trenching scheme
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interior acting as collectors funneling into one of the radial trenches
extending from the outflow weir. This sequential radial trenching procedure
is shown in Figure 5-24, as constructed in the South Bl akely Island Di sposal
Site of the Mbile District.
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Figure 5-24. Aerial view of sequential radial trenching procedure used
when interior cross dikes are encountered, South Bl akely
Island Disposal Site of the Mbile District
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CHAPTER 6

DESI GN AND CONSTRUCTI ON OF DI KES FOR CONTAI NVENT
OF DREDGED MATERI AL

6-1. Purpose. Containnent dikes are retaining structures used to form con-
fined disposal facilities. They consist primarily of earth enbanknents and
can be constructed in upland or nearshore areas or on nearshore islands. The
principal objective of a dike is to retain solid particles and pond wat er
within the disposal area while at the sane tine allowing the rel ease of clean
effluent to natural waters. The location of a containment dike will usually
be established by factors other than foundation conditions and avail abl e bor-
row material (i.e., proximty to dredge, only land available, etc.) fromwhich
there will be little deviation. The heights and geonetric configurations of
containment dikes are generally dictated by containnent capacity requirenents,
availability of construction materials, and prevailing foundation conditions

a. Types of Containnent Dikes.

(1) Main dike. The predom nant retaining structure in a containnent
facility extends around the outer perineter of the containment area and is
referred to as the main dike. Except as otherwise noted, all discussion in
this chapter applies to the main dike. The nain dike and two other type
dikes, cross and spur dikes, which serve primarily as operational support
structures for the main dike, are shown in Figure 6-1

(2) Cross dike. A cross or lateral dike (Figure 6-1) is placed across
the interior or the containnent area connecting two sides of the main dike
This permts the use of one area as an active disposal area while another area
may be used solely for dewatering. Another use of cross dikes is to separate
the facility so that the slurry in one area is subjected to initial settling
prior to passing over or through the cross dike to the other area. In order
to acconplish this, the cross dike is placed between the dredged discharge
point and the sluice discharge. A cross dike can also be used with a Y-
discharge line to divide an area into two or nore areas, each receiving a
portion of the incomng dredged naterial

(3) Spur dike. Spur or finger dikes protrude into, but not conpletely
across, the disposal area fromthe main dike as shown in Figure 6-1. They are
used nainly to prevent channelization by breaking up a preferred flow path and
dispersing the slurry into the disposal area. Spur dikes are also used to
al | ow si nul taneous di scharge fromtw or nore dredges by preventing coal es-
cence of the two dredged material inputs and thereby di scouragi ng an ot herw se
large quantity of slurry from reaching flow velocities necessary for
channel i zati on.

b. Factors affecting design. The engineering design of a dike includes
sel ection of location, height, cross section, material, and construction
met hod. The sel ection of a design and construction nethod are dependent on
project constraints, foundation conditions, material availability, and avail-
ability of construction equipnent. The final choice will be a selection anong
feasible alternatives.
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(1) Project constraints. Several constraints on design are placed by
the overall project needs. Available construction tine and funding are always
factors. The location, height, and available space for the containnent dike
are usually dictated by project requirements that are discussed el sewhere in
this manual. The design factor of safety against structural failure is usu-
ally specified. Environmental safety and aesthetics nust be considered.

(2) Foundation conditions. The lateral and vertical distribution of
shear strength, conpressibility, perneability, and stratification of potential
foundation nmaterials are major factors in dike design.

(3) Availability of materials. Al potential sources of construction
materials for the enbankment should be characterized according to |ocation,
type, index properties, and ease of recovery. Available disposal sites are
often conposed in the near-surface of soft clays and silts of varying organic
cont ent. Since econonmical dike construction normally requires the use of
material frominside the disposal area and/or imrediately adjacent borrow
areas, initial dike heights nay be limted, or it may be necessary to use
rather wide enbanknment sections, expensive foundation treatnent, or expensive
construction nethods.

(4) Availability of equiprent. Al though common earthwork equipnent is
generally available, the specialized equipnent for the soft soils desirable
for use at containnment sites may not be available to meet the project sched-
ule, or the nobilization cost may be excessive. Less expensive alternatives
shoul d then be considered.

c. Construction Methods. Each type of construction method has charac-
teristics that can strongly affect dike design. Transportation of the soil
material to be placed in the dike section is either by hauling, casting, or
dredging. The soil is then conpacted, semconpacted, or left unconpacted.
The selection of a construction nmethod, even though based on econom cs, nust
al so be conpatible with available materials, available equi pment, geonetry of
the final dike section, and environmental considerations.

6-2. Foundation |Investigation. The extent to which the site investigation(s)
and design studies are carried out is dependent, in part, on the desired nmar-
gin of safety against failure. This decision will usually be nade by the

| ocal design agency and is affected by a nunber of site-specific factors.
Table 6-1 lists some general factors, based on engineering experience, that
can be used as general guidelines in the planning stage of a project.

a. Foundation Exploration. The purpose of the foundation exploration is
simlar to that for the containment area as defined in Section 2-3, i.e., to
define di ke foundation conditions including depth, thickness, extent, conposi-
tion, and engineering properties of the foundation strata. The exploration is
made in stages, each assenbling all available information from a given source
prior to the planning and start of the next, nore expensive stage. The usual
sequence of the foundation exploration is shown in Table 6-2.
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Table 6-1
Factors Affecting the Extent of Field Investigations
and Design Studies
Field Investigations and Design Studies
Fact or Shoul d Be More Extensive Were:
Construction experience There is little or no construction experience in
the area, particularly with respect to dikes.
Consequence of failure Consequences of failure involving life, property,
or danmge to the environnent are great.
D ke hei ght Di ke heights are substantial.
Foundation conditions Foundation deposits are weak and conpressible.
Foundation deposits are highly variable along the
al i gnnent .
Under seepage and/or settlement problems are severe.
Borrow naterials Avail able borrow is of poor quality, water contents
are high, or borrow materials are variable along
the alignment.
Structures in dikes Sluices or other structures are incorporated into
the di ke enbanknent and/or foundation.
Uility crossings Di ked area is traversed by utility lines.

Addi tional guidance on the nunber, depth, and spacing of exploratory and/or
final phase borings is given in VES TR D-77-9 (item 16), EM 1110-2-2300, ASCE
Manual No. 56 (item 3), and various geotechnical engineering textbooks. Ceo-
physi cal exploration nmethods are described in EM 1110-1-1802.

b. Field a