EM 1110-2- 5026
30 Jun 87

CHAPTER 2

DREDGED MATERI AL AS A RESOURCE

2-1. Ceneral

a. The Dredged Material Research Program (1973-1978), the Dredging
Operations Techni cal Support Program (1978-present), and the Environmental
Ef fects of Dredgi ng Program (1982-present) have deternined the environnental
i npacts of dredged material disposal, alternatives to increase the beneficia
use of dredged material, and neans to reduce the adverse effects of both | and
and water dredged material disposal. Increased interest in dredged nateria
as a manageabl e, beneficial resource as an alternative to conventional dis-
posal practices is due to the fact that, while the anount of material dredged
each year continues to rise, increasing urbanization around waterways and
ports has nmade it difficult to |ocate new sites for containment areas. New
environnental regul ati ons have further restricted both |and and water di sposa
options. Costs of dredged material disposal have increased rapidly as dis-
posal sites are |ocated at greater distances fromthe dredging site and
environnental controls are added. By considering dredged naterial as a
resource, a dual objective can be achieved. The dredged material from needed
navi gati on projects can be di sposed of with m nimal environmental danage, and
benefits can accrue fromits use.

b. Physical, engineering, and chem cal characteristics of dredged mate-
rial proposed for beneficial use and | and enhancenent projects nust be identi-
fied. This includes exam nation of contaninants. Such information is
essential for evaluating the suitability of the material for numerous alterna-
tive uses. These characteristics nmust be determined during the initial stages
of planning since proposed uses may prove infeasible due to unsuitable mate-
rial. Chapter 2 presents discussions of the physical, engineering, and
chemical characteristics of dredged material, contam nant and water quality
consi derations, and sone of the linmitations which may be encountered with
dredged material substrates that nmay preclude alternatives. Mst dredged
material is below contam nant |evels that woul d preclude a beneficial use.

2-2. Physical and Engi neering Characteristics.

a. Physical Characteristics. A nunber of standard soil properties are
used to deternine the physical and engi neering characteristics of dredged
material (item3). Soil tests include grain-size, plasticity, and organic
content determ nations. Engineering tests include conpaction, consolidation
and shear strength. Item 4 indicates that dredged material is made up of
various types of soil that can be classified under the Unified Soil Classifi-
cation System (USCS) (item 60).

(1) Gain size. Gain size is the principal physical characteristic to
be determ ned when considering dredged material for beneficial uses, and grain
size is also the basis for nost soil classification systens. Land enhancenent
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gui delines presented in this EMfor the beneficial uses of dredged nateria

i ncl ude engi neering, environnental, and agricultural projects. For this
reason, both the USCS (item 60) and U.S. Departnent of Agriculture (USDA)
(items 6 and 38) classifications are used. The USCS net hod enphasi zes charac-
teristics of a construction material, whereas the USDA et hod enphasi zes soi
agricultural properties. The USCS nmethod is the method nost often used for
classifying dredged material, but for certain beneficial uses it may be neces-
sary to use the USDA net hod.

(2) Bulk density. Bulk density is a weight nmeasurenent by which the
entire soil volume is taken into consideration. The bul k density of dredged
material is usually low for fine-grained material, but a highly productive
agricultural |oamsoil can range from 70 to 86 pounds per cubic foot
(item 38). These low bulk densities in fine-grained dredged material can be
attributed to the sedinentation process and the anorphous nature of the clay.
Bul k density data are needed for converting water percentage by weight to
wat er content by volune for estimating the weight of a |large volume of mate-
rial. Exanples are the weight of dredged material in a disposal site or
estimating the volume of dredged material in a dunp truck, barge, or railroad
car.

(3) Plasticity. For USCS classification, the Atterburg liquid
[imt (LL) and plastic limt (PL) nust be deternmined to evaluate the plas-
ticity of fine-grained sedinent sanples. The LL is that water content above
which the material is said to be in a senmliquid state and bel ow which the
material is in a plastic state. Water content (item 68) which defines the
lower limt of the plastic state and the upper limt of the semisolid state is
termed the PL. The plasticity index (Pl), defined as the numerical difference
between the LL and the PL, is used to express the plasticity of the sedinment.
Plasticity anal yses shoul d be perforned on the separated fine-grained fraction
of dredged material sanples.

(4) Specific gravity. Values for the specific gravity of solids for
fine-grai ned sedi nents and dredged nmaterial are required for determ ning void
rati os, conducting hydroneter anal yses, and consolidation testing.

(5) Water retention and perneability. Water retention characteristics
of soil describe the energy relation of soil to water, can be used to deter-
mne the availability of water to plants, describe the noisture-storing
capacity of a soil (dredged material), and are strongly influenced by the
arrangenent of the solid conponents and the quantity of fine particles and
organic matter (Table 2-1). The potential avail able water capacity of a field

soil is defined as the anpbunt of water a crop can renove fromthe soil before
its yield is seriously affected by drought (Table 2-2). The perneability and
sorptive properties of a material express the ease with which water will nove

or pass through (Figure 2-1). Perneability is determ ned by a nunber of fac-
tors; however, size of soil pores and nagnitude of soil water retention are
nost i nmportant.
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Table 2-1

Avai | abl e WAter Capacity of Soils of Different Grain Size Range*

Avai |l abl e Water Capacity at
Saturation, Inch of Water

Grain Size Range per Inch of Soil Depth
Sand 0. 015
Loany sand 0.074
Sandy | oam 0.121
Fi ne sandy | oam 0.171
Very fine sandy | oam 0. 257
Loam 0.191
Silt | oam 0.234
Silt 0. 256
Sandy clay | oam 0. 209
Silty clay | oam 0. 204
Sandy cl ay 0. 185
Silty clay 0. 180
d ay 0. 156

* Source: item 25.

Table 2-2

Avai |l abl e WAt er Capacity Suitable for Agricultural Crops*

Avai | abl e Water Total Avail able Water
Capacity, Inch Capacity, Inches per
Water/lInch of Soil Yard of Soil Depth Recomended Pl ants
0. 05 1.8 Not suitable for nost
agricul tural crops
unl ess irrigated
>0. 05- 0. 075 >1.8-2.7 Best suited for grasses
>0. 075 >2.7 Suitable for nost agri-
cul tural crops
Source: item 25.

2-3



EM 1110- 2- 5026

30 Jun 87
PERMEABILITY, CM/SEC
102 10 1 107! 102 103 0t 08 g0 07 1078 1073
-1 1 1 1 1 1 1 1 1
CLEAN SANDS; VERY FINE SANDS; SILTS — MIX-
CLEAN GRAVEL MIXTURES OF CLEAN TURES OF SAND, SILT AND CLAY; UNWEATHERED
SANDS AND GRAVELS GLACIAL TILLS; STRATIFIED CLAYS; CLAYS
ETC.
105 10 0t 103 1? 10 1 10" 0% 10 10
PERMEABILITY, GAL/DAY/ FT2
INCREASING SORPTION PROPERTY
| |
I COARSE SAND SILT CLAYEY I
COARSE CLEAN SAND CLAY
GRAVEL SAND

Figure 2-1. Range in perneability and sorptive properties
of different soil classes (item 68)

(6) Volatile solids. Volatile solids are inportant in determ ning con-
tam nant retention within a soil or dredged material, and for the material’s
capacity for plant growth and beneficial use.

b. Physical properties of dredged nmaterial. \Wen hydraulically placed
into a disposal area, dredged slurry can have a dry solids content ranging
fromnear 0 to approximately 20 percent by weight (item33). Generally, this
val ue is about 13 percent. As the slurry flows across the disposal area, the
solid particles settle from suspension: coarse particles near the inlet
(dredge pipe), fine particles farther into the area, and finest materials in
the imediate vicinity of the outlet weir. As a di sposal operation pro-
gresses, coarse-grained dredged material nmay accunulate in a mound and dis-
pl ace the soft fine-grained dredged nmateri al

(1) During and after the disposal operation, surface water is drained
fromthe disposal area. A surface crust begins to formon fine-grained
dredged material as it desiccates. Over tinme, surface and base drai nage cause
some | owering of the ground-water table, the surface crust continues to
i ncrease in thickness, secondary conpression effects devel op, and
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consolidation occurs as the effective material wei ght above the ground-water
level is increased froma subnerged weight to a saturated weight. The dredged
mat eri al bel ow the surface crust remains very soft and weak.

(2) The water content of fine-grained dredged material in disposa
areas is generally less than 1.5 tines the LL of the material, and it is
possible that in freshwater areas the water content is about equal to the LL
The LL of dredged material is generally less than 200, with nost val ues being
bet ween 50 and 100.

c. Engineering Properties of Dredged Materi al

(1) Engineering properties are critical to determ ning the types of
beneficial uses possible. Soft, fine-grained dredged material has little
| oad- bearing capacity, and can generally be used only on sites not involving
heavy structures or intensive activities (urban, recreational, other).
EM 1110- 2-5025 contains nore detailed information concerning physical and
engi neeri ng properties.

(2) The surface crust associated with fine-grained material usually has
a very low water content (often near the shrinkage |limt) that increases
slightly with increasing depth of the crust. The crust is usually overcon-
solidated due to the increase in effective stress caused by high negative pore
pressure resulting fromevaporati on. Bel ow the surface crust, however, the
fine-grained material is extrenely soft, with water content usually show ng
little change fromthe time of deposition. Density and shear strength
i ncrease very slightly, if at all, with increasing depth. Data show that
engi neering properties are generally better near the inlet than the outlet
because the coarse-grained material settles near the dredge discharge. The
engi neering properties of the fine-grained material in the contai nment area
near the outlet are poorer and inprove very slowmy with time. In general
dredged material is soil with a high water content, that upon dewatering
exhibits soil properties with a high beneficial use potential

2-3. Chenical Characteristics.

a. CGeneral. Dredged material characteristics reflect the popul ation,
i ndustry, and |land uses of an area (item 81). The chenical constituents of
dredged material help determine the suitability of that material for a par-
ticular land use (item 11). Chenical analysis of the dredged material nust be
made to indicate potential detrimental effects on the environment in the dis-
posal area. Four potential problem areas exi st depending on the presence of
avai |l abl e chemi cal constituents in the dredged material: plant toxicity,
animal toxicity, surface water contani nation and ground-water contani nation
(items 44 and 53). Plant uptake of chemicals may al so present problens if
growm h or reproduction potential of the plant is altered or if harnful chem -
cal s are passed via the food web into hi gher organisns.
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b. Cation Exchange Capacity. The capacity of soil particulates to
adsorb nutrients which beconme avail able for plant growh is called the cation
exchange capacity (CEC). Adsorbed or sorbed nutrients are readily avail able
to higher plants and easily find their way into the soil solution. The grain
size and organic content of sedinents deternine to a | arge extent the capacity
of that material to sorb and desorb cations, anions, oil and grease, and
pesticides. Silts and clays with relatively high organic contents can sorb
and fix large anbunts of plant nutrients as well as many other constituents
(Figure 2-1). The CEC of dredged material governs the sorption of nitrogen
and potassium heavy netals, and sone pesticides. The nutrient content of
dredged material varies widely, as does that of different soils. Generally,
fine-grained dredged material contains considerably nore nutrients than
coarse-grained material and is also nore likely to contain one or nore
cont ami nant s.

c. Nitrogen. The total nitrogen content of dredged material varies
wi dely with geographic location. The nobst predom nant form of nitrogen in
i norgani c sedinments is amronium nitrogen. In organically enriched sedinents,
organi ¢ nitrogen predom nates, even though anmoni um concentrations can be very
hi gh.

d. Sulfur. Item44 indicates that sediments in a South Carolina tida
mar sh devel oped high acidity when drained and dried. These sedi ments con-
tained up to 5.5 percent total sulfur. When drained, sulfides were oxidized
to sulfate with a resultant decrease in sediment pH from6.4 to as |ow as 2.0.
This effect may be a serious problemin dredged material containing high
| evel s (usually greater than 0.1 percent) of nonvolatile sulfide, predoni-
nantly iron and manganese sulfide. This is especially true if the dredged
material is not lined or its acidity is not otherw se counteracted by appli-
cation to an al kali ne upland soil

e. Heavy Metals.

(1) A wide range of heavy netal concentrations has been reported in a
nunber of sedinments fromrivers, harbors, and bays throughout the United
States and Canada, primarily in intensely urban and highly industrialized
regi ons. Some of the mmjor sources of heavy netals include industrial and
sewage di scharges, urban and hi ghway runoff waters, and snow renoval. Wastes
fromnmetal plating industries that have found their way into sonme sedinments
contain significant amounts of copper, chrom um zinc, nickel, and cadm um
Chemical partitioning studies of sedinments have shown that these netals occupy
the | east stable of the sedinment fractions and that the sediment chem stry
donmi nates the nmobility and availability of the contami nant as well as the
i ndi genous net al s.

(2) An inportant heavy netal consideration is the solubility of
specific constituents whose concentrations are high, since soluble forns are
readily available to the biological food web. The potential of a heavy netal
to become a contani nant depends greatly on its formand availability rather
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than on its total concentration within a dredged sedi nent (item 44). Heavy
netals may be fixed in a slightly soluble formin dredged material containing
excessive sulfide. The land application of dry oxidized dredged material may
increase the solubility of heavy nmetal sulfides. However, under oxidizing
conditions, the levels of pH and heavy nmetal hydroxyl and oxi de formation
becorme the inmportant factors, and sul fur no | onger governs the solubility and
availability of heavy metals (item 25).

(3) Until Federal standards are set for sedinents, guidelines for
dredged material disposal must be taken from other research areas such as
sl udge di sposal. The USDA has been investigating the application of sewage
sludge to agricultural |ands. Recommended maximumlinmits on the netal content
of sludge are shown in Table 2-3.

Table 2-3

Recomended Maxi mum Limts for

Metal Content in Digested Sewage Sl udges*

Donesti c Sl udge

El enent Concentration, ppm
Zi nc 2,000

Copper 1, 000

Ni ckel 200

Cadm um 15 or

1. 0% of zinc

Bor on 100
Lead 1, 000
Mer cury 10
Chrom um 1, 000
Source: item?9.

* Typical sludge fromcommunities w thout excessive industrial waste
i nputs or with adequate abatenent.

In nost cases, the heavy netal contents of dredged material fall belowthe
maxi mum al | owable |imts reconmended in donestic sewage applied to land. If

hi gher concentrations of chem cal constituents are found in dredged materi al

it should not be used in a |land i nmprovenent project wi thout prior treatnent to
renmove or reduce contam nants.
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2-4. Water Quality Considerations.

a. Ecol ogical inpacts of the discharge of dredged or fill material can
be divided into two main categories: physical effects and chemi cal - bi ol ogi ca
interactive effects. Physical effects are often straightforward, and eval ua-
tion may often be made w thout |aboratory tests by exami ning both the char-

acter of the dredged or fill material proposed for discharge and the sedinments
of the disposal area. On the other hand, chenical-biological interactive
effects resulting fromthe discharge of dredged or fill material are usually

difficult to predict.

b. Natural processes in aquatic ecosystens tend to concentrate heavy
nmetal s, chlorinated hydrocarbons, pesticides, nutrients, and oil and grease
conpounds in bottom sedi ments. These contaninants are not very soluble in
wat er under the conditions that normally occur in oxygenated uncontam nated
surface waters. Therefore, introducing high concentrations of these contam
inants into aquatic ecosystenms will generally result in an equilibrium condi-
tion where nost of the contaminant will be sorbed (adsorbed and absorbed) by
suspended particulate material and then deposited on the bottom when the sus-
pended material settles. The tine necessary to achieve the equilibrium con-
dition depends upon the physicocheni cal conditions in the aquatic system and
the quantity and duration of the contaninant introduction. There has been
concern that dredgi ng and open-water disposal operations may rel ease these
trapped contami nants again, and thus have the potential to danage wetl and,
upl and, and aquatic environments. WES reports (itens 7 and 23) and ot her
literature indicate that dredgi ng operations have the potential to tenporarily
nobi lize or rel ease some contamnants fromthe sediments. During di sposa
operations, the anaerobic sedinents are mxed with aerated surface water, and
a conpl ex chemical interaction occurs. Heavy metals such as cadm um copper
chrom um | ead, and zinc, which had been stabilized in oxygen-free sedinents,
form precipitates and coagul ate in the presence of oxygen. Phosphorus and
nitrogen can be tenporarily released into the water colum, while pesticides
and oils and grease are usually not very water soluble. However, all of these
contam nants have the potential to affect a proposed beneficial use project.

c. The Environmental Protection Agency (EPA), in conjunction with the
CE, has published a conprehensive procedure manual (itens 23 and 66) that
contains sumaries and descriptions of tests, definitions, sanple collection
and preservation procedures, analytical procedures, calculations, and refer-
ences required for detailed water quality evaluations. The purpose of this is
to provide state-of-the-art guidance on the subjects of sanpling, preserva-
tion, and analysis of water and dredged and fill material. The interim guid-
ance for inplementing Section 404(b) of the Clean Water Act was published in
1976 (item 18). It has al so been published jointly by the EPA and the CE
pursuant to the Marine Protection, Research, and Sanctuaries Act of 1972,
whi ch addresses the primary intent of Section 103 of regulating and limting
adverse ecol ogi cal effects of ocean dunping.
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2-5. Contam nated Dredged Material. Over 90 percent of the total volume of
dredged material is considered acceptable for disposal at a wi de range of

di sposal alternatives. However, the presence of contamnation in sone |oca-
tions has generated concern that dredged material disposal may adversely
affect water quality and aquatic or terrestrial organisnms. Since many of the
wat erways are located in industrial and urban areas, sone sedinments may be

hi ghly contaminated with wastes fromthese sources. In addition, sedinments
may be contaminated with chemicals fromagricultural practices. The EPA

gui dance in Section 230.60 (Federal Register, Vol. 45, No. 249) should be used
to determ ne whether there is sufficient cause for concern to warrant testing
for contanminants and to identify the contam nants of concern.

2-6. Biological Limtations. Although dredged material has been generally
found to be a soil resource of great value and use, it has sone |limtations as
a beneficial product.

a. Texture and Physical Characteristics. Dredged material is conposed
predom nantly of mineral particles ranging in size fromcoarse sand to fine/
clay and can have an extremely m xed mineralogy (item 44). Dredged nateria
deposits within one disposal site can vary fromwell-ordered sand to organic
clay. In addition to soil, dredged material may contain other solids such as
rock, wood, pieces of netal, glass, and other debris. Contam nation of these
sedinents in the formof organic material, elevated concentration of heavy
nmetal s, a vast array of chlorinated hydrocarbons, oil and grease, and other
organics reflects the influences of population and industry in the area. The

actual physical texture of the material on a site may limt its use; i.e.
pure sand dredged material would not be suitable for agricultural |and appli-
cations. However, as fill material and for some di ke construction, it may be

excel l ent. Predominantly uncontam nated silt would not be well suited for
wat erbird island construction, but woul d nmake an excellent soil addition for
agriculture and forestry, and for sone habitat devel opnent sites.

b. Contam nati on.

(1) In certain areas of the United States, such as near certain indus-
tries or extensive agriculture, contamnation is an inportant factor to be
considered. If the dredged material contains contanminants, it may have to be
placed in a confined disposal site, which will probably limt its beneficia
use. Planning for beneficial use of contam nated dredged material should con-
sider the follow ng factors:

(a) Anounts and type of contanminants in the material, possibly to
i ncl ude heavy netals, fertilizers, sewer wastes, pesticides, or petrol eum
products.

(b) Maxi num acceptable levels for pollutants in water, soils, plants,
and animal s as set by the EPA

2-9
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(c) Kinds of plants and animals that will be on the site, their abil-
ities to regul ate uptake of these pollutants, and their tol erance |evels
before life efficiency is reduced, reproduction ceases, or death occurs.

(d) Chances of biomagnification via the food chain from plants, inver-
tebrates, and mcrobes to animals on the site or to humans.

(e) Inpact of contaminants on the site and surroundi ng areas.

(2) Item 46 and ot her studies have shown that plants grown in dredged
mat eri al wetl ands absorb heavy netals in varying degrees dependi ng upon the
pl ant species. These contani nants in nost cases are not generally translo-
cated into the top shoots but are retained primarily in the root systens.
Most potential danger is linmted to users of the root systenms, such as water-
fow that feed on plant tubers. However, research on plants grown in dredged
mat eri al upl and areas indicates a tendency to accunul ate heavy netals in al
pl ant parts, including stens and seeds.

(3) Many pesticides, chem cal by-products, and petrol eum products in
dredged materi al have unknown bi onagnification abilities. It is known that
some pesticides have affected reproductive abilities of birds by causing egg-
shel I thinning and behavi or nodification. Petrol eum products can snot her
smal | organisms (potential food itens). Fertilizers and sewer wastes in
dredged material alter the habitats where they accunul ate by changi ng pl ant
growm h habits and speci es conposition and by reduci ng di ssol ved oxygen | evels
in water. This affects the food supply of fish-eating aninmals. H ghly acidic
dredged material can severely limt beneficial use options unless corrected
with lime. The contaninant problem can be m ninized on nost beneficial use
sites through these management procedures:

(a) Stabilizing the areas with plant species that do not transport con-
tam nants into their top shoots.

(b) Avoiding managenent for wildlife grazing, fish nursery use, or
i ntense human use to reduce danger of a biomagnification problem

(c) Managing for animals that will not feed on the site, such as fish-
eating birds that use the site for nesting and roosting purposes only. A good
exanpl e of this is the Tol edo Harbor, Chio, disposal site in Lake Erie that is
being filled over a 20- to 30-year period with contani nated dredged materi al
Conmon terns, ring-billed gulls, and herring gulls are nesting inside the
di kes but do not feed there since they are all fish-eating species.

(4) Contam nated sites can be capped with about 2 feet of clean soil or
dredged material. This will allow use of the site for a nunber of beneficia
uses involving shallowrooted plants, i.e., nesting neadows, recreationa
sites, etc.
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c. Site Habitat Changes. Beneficial uses can frequently nmean the
repl acement of one desirable habitat with another. This will likely be a
source of sonme opposition. There are few reliable methods for conparing the
various | osses and gains associated with this habitat conversion; conse-
quently, the determ nation of relative inpact may best be made on the basis of
relative scarcity or abundance of the new habitat, environmental regulations,
or of professional opinions. An exanple would be changi ng aquatic or narine
habitat to an energent wetland or an upland site.

d. Inpacts on Surrounding Land and Aninmals. Wen dredged material is
pl aced on a site for a beneficial use, there may be a nunber of associated
i npacts. Exanples are increased runoff of nutrient-charged or contam nant-
charged effluent, increased human or other aninmal use, interference on sur-
roundi ng | and such as fromincreased bird activity at di sposal sites near
airport runways, increased recreational use in disposal sites subject to heavy
i ndustrial and shipping use, and changes in hydrol ogy from additions of
wat er - char ged dredged material to new or existing sites.



