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CHAPTER 2
DESI GN  CONSI DERATI ONS
2-1.  General. A dredging and dredged naterial disposal operation requires

consi deration of both short- and |ong-term management objectives. The primary
short-termobjective of a dredging project is to construct or nmintain
channel s for existing navigation needs but not necessarily to authorized
project dinmensions. This should be acconplished using the nobst technically
satisfactory, environmentally conpatible, and econonically feasible dredging
and dredged material disposal procedures. Long-term objectives concern the
nmanagenent and operation of disposal areas to ensure their |ong-term use.

This chapter outlines the design consideration usually needed to neet the

obj ectives of a dredging project.

2-2. Prelimnary Data Collection. In order to gather the data required for a
dredging and dredged material disposal project, it is necessary to do the
fol | owi ng:

a. Analyze dredging location and quantities to be dredged, consi-
dering future needs.

b. Determine the physical and chemical characteristics of the sedinents.
¢c. Evaluate potential disposal alternatives.

d. Identify pertinent social, environmental, and institutional factors.
e. Evaluate dredge plant requirenents.

2-3. Dredging Locations and Quantities.

a. Dredging locations and the quantities of material to be dredged are
two of the nost inportant considerations in planning dredging projects. Since
di sposal of dredged material is usually the major dredging problem it is
essential that long-term projections be made for disposal requirenents of each
project. Records should be kept of quantities dredged and mai ntenance
interval (s) to forecast future dredging and disposal requirenents.

h.  Hydrographic surveys are the principal dredged contract managenent
tool of the Corps. Hydrographic surveys should be made prior to dredging
to determne existing depths within the project area and after dredging
to determne the depths that were attained as a result of the dredging
operation. Each district should have the capability, either in-house or
by contract, to make accurate, tinmely, and repeatable hydrographic surveys
To ensure accuracy, quantity calcul ations nust be nade from survey data
gathered in a tinmely manner using proper equipnent and based upon precisely
established horizontal and vertical controls. Direct tide level readings
nmust be nade at the site of the work to elininate gross errors in quantity
calculations. Quantity measurenment nethods nust be fully consistent
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bet ween work per formed by contract and work per formed by hired | abor.

2-4,  Physical Properties of Sedinments. In planning any dredging operation
which constitutes a specialized problemin earthnmoving or excavation, it is
essential that field neasurements and conputations be nade to determine the
| ocation, characteristics, and quantities of material to be removed. The
characteristics of the dredged material deternine dredge plant and, to sone
extent, disposal requirements. Refer to Chapter 4 for specific
characterization tests required for evaluation and design of disposal
alternatives for dredged nmaterial.

a. Sanpling. Sedinent sanples should be taken of the material above the
depth to which renoval will be credited. This should be done concurrent wth
the pre-dredge survey. For maintenance dredging of a recurring nature,
sanples will be taken before each dredging until the characteristics of the
sediments are well known. For subsequent dredging, a small nunber of sanples
will be taken to identify and changes in sediment characteristics. Normally
the sedinent sanpling depth will be the authorized project depth plus an
allowable tolerance (usually 2 ft) to conpensate for the inherent inaccuracies
of the dredging process. The nunber of sedinent sanples taken should be
sufficient to obtain accurate information regarding the characteristics of the
material to be dredged. Sanples in soft materials can be obtained by push
tube or grab sanplers.

(1) Tube sanpling.

(a) A tube sanpler is an open-ended tube that is thrust vertically into
the sedinment deposit to the depth desired. The sanpler is withdrawn from the
deposit with the sanple retained within the tube. Differences anong tube
samplers relate to tube size, tube wall thickness, type of penetrating nose,
head design including valve, and type of driving force. Tube sanplers (also
cal | ed harpoon sanplers) are available with adjustable weights in the range of
from17 to 77 Ib and with fixed weights in excess of 90 Ib. The anpunt of
wei ght required depends upon deposit texture and required depth of penetration.

(b) The split barrel sanple spoon (also known as split-spoon sanpler) is
capabl e of penetrating hard sedinments, provided sufficient force is applied to
the driving rods. The sanpler is thrust into the deposit by the hamering
force exerted on rods connected to the head. During retrieval, the sample is
retained within the barrel by a flap. The nose and head are separated from
the barrel in order to transfer the sanple to a container. Refer to EM
1110-2-1907 for more information on soil sanpling.

(2) Gab sanpling. A grab sanpler consists of a scoop or bucket
container that bites into the soft sedi ment deposit and encl oses the sanple.
Grab sanmplers are used primarily to sanple surface materials, with depth of
penetration being 12 in. or less. Gab sanplers are easy and i nexpensive to
obtain and may be sufficient to characterize sediment for routine maintenance
dredging. Gab sanpling may indicate relatively honbgeneous sedi ment
conposi tion, segregated pockets or coarse- and fine-grained sedi nent, and/or
m xt ures. If segregated pockets are present, sanples should be taken at
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a sufficient nunmber of locations in the channel to adequately define spa-
tial variations in the sediment character and quantities of each material.

(3) New work. Sanples taken by conventional boring techniques are
nornmal |y required for new work dredging. Sanples should be taken from
within the major zones of spatial variation in sedinment type or along the
proposed channel center line at constant spacing to define stratification
within the material to be dredged and to obtain representative sanples.
Borings are required for new projects and should be advanced below the depth
of anticipated dredging. The relative density of sands can be determn ned
by driving a split-spoon sampler and recording the nunber of blows required
to penetrate each foot of sand. Refer to EM 1110-2-1907 for information
on conventional soil sanpling nmethods and standard split-spoon penetration
tests. Information on the soil above and below the authorized new work
depth is needed to properly design the channel sl opes. It is essential to
obtain the characteristics of the material to be dredged to preclude deter-
m nation of wunsuitable dredge plant, wunrealistic production and cost esti-
mates, etc. Pertinent infornation regarding sedinment sanplers is suma-
rized in table 2-1.

h. Laboratory Testing. Laboratory tests are required to provide data
for determning the proper dredge plant, evaluating and designing disposal
alternatives, designing channel slopes and retention dikes, and estimating
| ong-term storage capacity for confined disposal areas. The tests dis-
cussed below are to be used to characterize the naterial to be dredged so
that a proper dredge plant can be selected. Specific tests for evaluation
and design of disposal alternatives are discussed in Chapter 4. The re-
qui red | aboratory tests are essentially standard tests and generally follow
procedures found in EM 1110-2-1906 . The extent of the testing programis
proj ect - dependent : fewer tests are required when dealing with a relatively
honogeneous naterial and/or when data are available from previous tests and
experience, as is frequently the case in maintenance dredging; for new work
projects and unusual maintenance dredging projects where considerable vari-
ation in sediment properties is apparent from sanples, nore extensive |abo-
ratory testing prograns are required. Laboratory tests should always be
performed on representative sedinment samples. Tests required on fine-
grained sediments (those of which nore than half pass through a No. 40
sieve) include natural water content, plasticity analyses (Atterberg
limts), and specific gravity. The coarse-grained sediments (those of
which nore than half are retained on a No. 40 sieve) require only grain
size analyses and in situ density determnations. These tests are de-
scri bed bel ow.

(1) Natural water content test. Natural water content refers to the
in situ water content of the sedinent. It is used to determine the in situ
void ratio and in situ density of fine-grained sedinents. Water content
determinations should be made on representative sanples from borings and
grab sanples of fine-grained sedinent obtained during field investigation.
Fine-grained sedinents do not drain rapidly; thus, representative sanples
taken from borings and grab sanples are considered to represent in situ
water contents. Detailed test procedures for determning the water content
are found in Appendix | of EM 1110-2-1906.
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Remar ks

Sanpl es 144-in.2 area to a
depth of up to 12 in., de-
pending on sedinment texture

Sanpl es 64-in.2 area to a
depth of approximtely 4 in.

Suitable only for very soft
sedi ment s

Sanples 81-in.? area to a
depth of less than 12 in.
Ineffective in hard clay

Skinms an irregular slice of
sedi ment surface. Available
in assorted sizes and shapes

Shal | ow core sanples may be
obtai ned by self-weight
penetration and/or pushing
from boat. Depth of pene-
tration dependent on weight
and sedinment texture
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Table 2-1. Summary of Sedinent Sanpling Equi prent
Sanpl er \\éi ght
Pet er son 39-93 I|b
Shi pek 150 I'b
Ekman 91b
Ponar 45-60 |'b
Drag Bucket @ Vari es
Phl eger Tube D Vari abl e
(gravity ax e 17-77 |b;
corer) fixed in
excess of
90 I'b
Conventi onal Refer to

Soi |l Sanplers EM 1110-2-1907

Conventional soil sanplers
may be enpl oyed using barge-
or boat-nounted drilling
equi pnent.  Core sanples
attainable to full depth of
dr edgi ng

2-4



EM 1110-2-5025
25 Mar 83

(2) Plasticity analyses. Plasticity analyses (Atterberg linits) should
be performed on the separated fine-grained fraction (passing the No. 40 sieve)
of sedinent sanples. A detailed explanation of the tests required to evaluate
the plasticity of sediments is presented in Appendix Il of EM 1110-2-1906
Sanpl es shoul d be classified according to the Unified Soil Cassification
System (USCS) (item 12).

(3) Specific gravity test. Values for the specific gravities of solids
in fine-grained sedinents are required for deternmining void ratios and in situ
densities. Procedures for conducting the specific gravity test are given in
Appendi x |V of EM 1110-2-1906.

(4) Gain size analyses. Gain size analyses are required only on the
coarse-grained fraction of sanples. Gain size analyses should follow the
procedures contained in Appendix V of EM 1110-2-1906

c. In situ density. In situ density is used to evaluate dredgability to
sediments and aid in equipnment selection, to estimate production rates, and to
estimate volume required for storage in confined disposal areas. In situ

density can be estimated fromfield investigations of sedinents or from

| aboratory test data using geotechnical engineering formulas. Refer to
Appendi x Il of EM 1110-2-1906 for guidance in estimating in situ density from
| aboratory tests. For sand sedinments, relative density has a decisive
influence on the selection of equipnent for dredging. The relative density of
sands can be estimated from standard split-spoon penetration tests (para
2-4a). Table 2-2 presents estimates of relative density of sands based on
standard penetration tests. Were no field tests are perforned on coarse-
grained naterials (i.e. sand, gravel, etc., ) the material in its densest state
based on | aboratory tests will be considered conparable to its in situ

condi tion

Table 2-2. Relative Density of Sands According to Results
of Standard Penetration Tests

No. of Blows/ft Rel ative Density
0-4 Very | oose
4-10 Loose
10- 30 Medi um
30-50 Dense
Over 50 Very dense

2-5. Selection of Dredging Equipment. Mst Corps dredging is perforned by
private industry under contract, and the specifications should not be
witten such that conpetitive bidding is restricted. However, in certain
situations limtations may be placed on the equi pment to be used to mini-
mze the environnental inpact of the dredging and disposal operation. In
cases where avail able upland contai nment areas are small, the size of the
dredge should be restricted to mnimze stress on the contai nnent area

di kes and to provide adequate retention time for sedinentation to mininze
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excessive suspended solids in the weir effluent. Environnental

protection is adequate justification for carefully controlling the
selection and use of dredging equipment. The dredging of contamn nated
sedi ments requires careful assessnent of the dredging operation. The
information presented in Chapters 3 and 4 will provide guidance for
proper equi prent sel ection based on the materials to be dredged, dredging
environnment, contamination |evel of sedinments, transport and disposal
requirenents, and production requirenents.

2-6. Disposal Alternatives. The mmjor considerations in selecting

di sposal alternatives are the environmental inpact and the econonics of
the disposal operation. Mich of the recent know edge concerning dredged
material disposal was gained as a result of the Dredged Material Research
Program (DMRP) conducted by the U S. Arny Engineer \aterways Experinment
Station (WES) and reported in WES Technical Reports. The nmjor
objectives of the DVRP were to provide definitive information on the
environnmental inpact of dredging and dredged material disposal operations
and to devel op new or inproved dredged nmaterial disposal practices. The
research was conducted on a national basis, excluding no major types of
dredging activity or region or environmental setting. It produced

net hods for eval uating the physical, chemical, and biological inpacts of
a variety of disposal alternatives in water, on land, or in wetland
areas, as well as tested, viable, cost-effective nmethods and guidelines
for reducing the inpacts of conventional disposal alternatives. Summary
reports produced under this program are listed in para 1-3, and a
detailed discussion of disposal alternatives is presented in Chapter 4.
Two fundamental conclusions were drawn from the results of the DVRP
concerning disposal of dredged material: (1) no single disposal
alternative can be presunmed nost suitable for a region, a type of dredged
material, or a group of projects before it has been tested, and (2)
environnmental considerations make necessary |ong-range regional planning
for lasting, effective solutions to disposal concerns. There is no
inherent effect or characteristic of a disposal alternative that can rule
it out of consideration from an environnental standpoint before specific
on-site evaluation. This holds true for open-water disposal, confined
upl and disposal, habitat devel opnent, or any other alternative.

Case- by- Case project evaluations are tinme-consum g and expensive and may
seriously conplicate advanced planning and funding requests.

Neverthel ess, from a technical point of view, situations can be

envi sioned where tens of millions of dollars may have been or could be
spent for disposal alternatives that contribute to adverse environnmental
effects rather than reduce them Al so, easily obtained beneficial

i npacts should not be overlooked. No category of disposal alternative is
wi t hout environnmental risk or offers the soundest environnental
protection or reflects the best managenent practice; therefore, all

di sposal alternatives should be fully investigated during the planning
process and treated on an equal basis until a final decision can be nade
based on all available facts. It is hypothesized that all alternatives
could be considered to dispose of even the nost highly contaninated
dredged material if a plan could be devised for managenent that was
adequate and legally acceptable under domestic regulations and
international treaty.

2-7.  Long-Range Studies. Dredging and disposal activities cannot be
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designed independently for each of several projects in a given area. \Wile
each project may require different specific solutions, the interrelation-
ships anong them nust be determined. Thought nust also be given to chang-
ing particular dredging techniques and di sposal alternatives as conditions
change. Long-range regional dredging and di sposal managenent pl ans not

only offer greater opportunities for environmental protection and effective
use of dredgi ng equi pment at reduced project cost, but they also neet with
greater public acceptance once they are agreed upon. Long-range plans nust
reflect sound engineering design, consider and minimze any adverse environ-
mental inpacts, and be operationally inplenentable.
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