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PREFACE

l
|

| This report provides concepts and guidelines for planning and im-
plementing land improvement projects using dredged material. It syn-
thesizes research conducted as part of Tasks 3B and 4C of the Dredged
Material Research Program (DMRP) sponsored by_;;;~6;;;;EZUChief of
l Engineers, U. S. Army. The report was written as part of the DMRP
; Productive Uses Project (PUP), Mr. Thomas R. Patin, Project Manager.
The project was conducted by the Environmental Engineering Divi-
sion (EED) of the Envircnmental Laboratory (EL), U. S. Army Engineer
Waterways Experiment Station (WES), under the general supervisicn of
Dr. John Harrison, Chief, EL; Dr. Roger T. Saucier, Special Assistant,
EL; and Mr. Andrew J. Green, Chief, EED. The wcrk was under the direct
supervision of Mr. Raymond L. Montgomery, Chief, Design and Concept
Development Branch (DCDB), EED.

This report was written by Ms. Patricia A. Spaine and Mr. José L.

Llopis, DCDB, and Dr. Eugene R. Perrier, Eccsystems Research and Simula-

e it R

“tion Division. This reﬁdrt is also being published as Engineer Manual
1110-2-5009.
ﬁ Director of WES during this study was COL John L. Cannon, CE.

Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

. St

verted to metric (SI) units as follows:

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

Multiply By To Obtain
acres L0oLk6.873 square metres
cubic yards 0.76L45549  cubic metres
decllars per cubic yard 1.3079505 dellars per cubic metre
dollars per cubic yard per 0.8127227 dollars per cubic metre
mile (U. S. statute) per kilometre
feet 0.3048 metres
gallons (U. S. liquid) per 40.745853 litres per day per square
day per square foot metre
horsepower (550 ft-1bf/sec) T45.6999 watts
inches 2.54 centimetres
inches per yard P IS centimetres per metre
miles (U. S. statute) 1.6093LkL kilometres
miles (U. S. statute) per 1.60934k kilometres per hour
hour
pounds (mass) per acre 0.00012085 kilograms per square metre
pounds (mass) per cubic 16.018k46 kilograms per cubic metre
foot
tons (2000 1b mass) 907.184T7h kilograms
tons (2000 1b mass) per acre 0.22417 kilograms per square metre




GUIDANCE FOR LAND IMPROVEMENT USING DREDGED MATERTIAL

PART I: INTRODUCTION

Background

1. Recognition of the inherent ecological value of many areas
that have historically been used as dredged material disposal sites
has resulted in environmental constraints on open-water and land dis-
posal. These constraints have increased the values placed on ccastal
and riparian wetlands and have accented the need for alternate methods
of dredged material disposal. As land uses have changed, areas avail-
able for dredged material disposal have become scarce, and the concept
of productive use cof dredged material, such as in land improvement,
has become econcmically more attractive. The mission of the Dredged
Material Research Program (DMRP) included investigation of productive
uses of dredged material. The Productive Uses Project (PUP) was
charged with exploring possible uses of dredged material and dredged
material containment areas. In PUP studies, dredged material was
viewed as a manageable resource. A number of work units were designed
and managed under the DMRP to explcre the potential uses of dredged
material in land improvement strategies and to determine the cost ef-

fectiveness of utilizing dredged material in such projects.

Purpeses

2. The purpose of this report is to provide the Corps of Engi-~
neers and local planners with suidelines for planning and implementing
land improvement projects invelving dredged material. This report ad-
dresses only three land improvement alternatives for dredged material:
surface mine reclamation, sanitary landfills, and agricultural land en-

hancement. Other uses exist and guidance on them is presented in re-

ports by Walsh and Malkasianl and Lee, Engler, and Mahloch.2




Approach

3. Within the realm of the Corps' maintenance dredging responsi-
bility, the foremost problem facing Districts is disposal of dredged
material. This report is therefcre written from the vantage point of
the Corps field elements faced with the disposal task. Land improve-
ment projects are alternatives for disposing of dredged material.
Guidelines presented in Part II (General Planning Process), Part III
(Dredged Material Characteristics), and Part IV (Dredged Material Trans-
port) of this report can be applied to any project that requires total
project planning for land disposal.

4. When project feasibility is being determined, land improve-
ment concepts and alternatives are considered during the intermediate
stages of the planning process. Varied approaches were used in the PUP
to investigate the three land improvement alternatives addressed in
this report. The sanitary landfill alternative was develcped through a
thorough literature review of landfilling practices but was not field
tested under the PUP. The strip mine reclamation alternative was drawn
from present reclamation practices and an ongoing field demcnstration
of using dredged material in area reclamation. The agricultural alter-
native was examined in a greenhouse study in which dredged material was

mixed with marginal agricultural soils.

Scope

5. Information is presented in the form of concepts and guidance
from literature surveys, field studies, and laboratory studies con-
ducted under the PUP of the DMRP. Dredged material rehandling and
transport are discussed as well as construction at the prcductive uses
site and other major cost components associated with land improvement
projects. The alternative uses for dredged material such as surface
mine reclamation, sanitary landfill, and agricultural scil amendment
are presented in the form of guidelines cutlining their feasibility

with recommendations based upon research findings. References are

10




made to reports, regulations, and Federal guidelines when applicable to
specific project problems.
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PART II: GENERAL PLANNING PROCESS

Introduction

6. Although this report presents only three alternatives for
using dredged material in land improvement projects (i.e., surface mine
reclamation, sanitary landfills, and agricultural land enhancement),
there are many other such possible uses. Dredged material can be used
as construction or landfill material and can be blended to make desired
types of soil covers.

T. The intent of this Part is to provide planning guidance for
full utilization of a plentiful Corps resource material, dredged mate-

rial, in land improvement projects. The planning process outlined in

the following paragraphs is a logical progression of steps to be con-

sidered in planning a land improvement project using dredged material.

The planning process is presented with detailed guidance and a listing

of information sources where available. The reports by SCS Engineer53 ¥
and Raster et al.h were the primary sources of information used in

developing the following planning process.

Preliminary Data Collection

8. Preliminary data must be gathered before fundamental decisions
can be made concerning any land improvement project using dredged mate-
rial. The essential preliminary data include the following:

a. Dredging locations and quantities.

fod® S o i

b. Dredged material characteristics.
¢. Land improvement alternatives.
d. Transportation network.

Dredging locations and quantities

9. Records of dredging locations and quantities should be reviewed
and collated, and the locations of future maintenance and new work i
dredging operations should be identified and plotted. This information

can then be used in the initial phase of the planning process and will

:
-
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be useful for delineating areas for conducting a survey of potential
land improvement projects, if they have not been identified. The vol-
ume of material being dredged must be known on an annual basis to esti-
mate the rate at which materials can be made available for the land
improvement project. Since volumes must be estimated on the basis of
past dredging records, an accurate estimate of volume to be dredged as
a function of time throughout the planning period is often difficult to
obtain. Shoaling and subsequent dredging are subject to fluctuations
in local hydrology that often cannot be predicted.

Dredged material characteristics

10. Dredged material characteristics determine its potential as
a suitable material for land improvement projects. Therefore, these
characteristics must be known for a proper evaluation of land improve-
ment alternatives. The time frame for determining dredged material
characteristics should extend past that for the study of land improve-
ment alternatives. This will permit the results of the study of land
improvement alternatives to be considered in designing the sampling and
testing program. The detailed testing program can then be designed
around specific land improvement alternatives that appear feasible.

11. The dredged material sampling program must be planned care-
fully to ensure that samples are representative. The samples tested
must provide information regarding the characteristics of the "as
delivered" material; i.e., the condition of the material as it would be
delivered at the land improvement site. It is important to remember
that there can be differences in materials sampled from different loca-
tions in the same dredged material containment area as a result of sedi-
nentation processes during disposal activities. Detailed descriptions
of dredged material characteristics and references to recommended test-
ing procedures are presented in Part TII.

Land improvement alternatives

12. The basic precept of lanéd improvement using dredged material
as a resource should be to match the resource material with need. The
overall effect of such a policy would be a reduction in the number of

unproductive dredged material containment areas and an easing of the

13

e L




e

demand for land for use as containment areas where such land is limited.

If some of the dredged material can be used in land improvement projects,
the scope and hence the overall cost of dredged material disposal can
be reduced. Also, use of dredged material as both a supplemental and
a replacement source can help conserve existing supplies of certain raw
materials. In some instances, dredged material can provide a financial
return to the owner and partially offset the cost of the disposal
operation.S

13. Seeking productive uses is a major responsibility of the
planner, and, to successfully meet this responsibility, he must be
aware of the needs for soils within project areas. Research by Bartos
concluded that dewatered dredged material is a soil, can be analyzed as
a soil, and can be used as a soil. This fact should encourage the pro-
ductive use of dredged material as a natural resource in urban and
other development projects, especially in areas where landfill needs
can be met by available dredged material.

14. Research under the DMRP indicated that the following are
promising land improvement alternatives using dredged material:

a. Landfill and construction material.

o |

. Surface mine reclamation.

. Sanitary landfill.

o o

. Agricultural land enhancement.

The landfill and construction material alternative is summarized in the
paragraphs immediately following. The other alternatives listed above
are discussed in detail in Parts V, VI, and VII, respectively.

15. Landfill and construction material. A need for landfill and

construction materials exists in inland as well as coastal regions of
the U. S.7 However, the feasibility for using materials from coastal
sources decreases with increasing distance inland. Dredged material
can be competitive with material from other sources only if it is
economical and readily available. In addition, problems associated
with the quality of the material must be resolved. A key to finding
workable solutions to the disposition of dredging material and locating

environmental and/or economic uses lies with local and regional planning

1k
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agencies.T One of the first steps in promoting the use of dredged mate-

* rial as landfill and construction material is close coordination with

planning agencies. As a landfill material, dredged material should be

R competitive with material from other sources. However, more ingenious
dredged material disposal operations are needed to eliminate problems
that presently exist. The two major problems cited by agencies con-
tacted during DMRP research7 were contamination and extremely high water
content of fine-grained dredged material. Economic dewatering and

solids treatment are considered essential to enable productive use of
large amounts of dredged material.

1 ' 16. In addition to improvements in the quality of dredged material,

improvements are needed in disposal operations to make dredged material

more readily available to potential users. One suggestion made repeat-
edly during DMRP research was to stockpile processed (dewatered, decon-
taminated, etc.) dredged material in locations that would be convenient
to potential users. Such a program would have to be carefully conducted
to be successful since sand and gravel operators (and possibly other
potential users) generally will not avail themselves of a processed
dredged material source until at least a 10-year supply is guaranteed.7

17. Guidance for productive uses approach. The first step in

planning for land improvement using dredged material is to conduct a

survey to identify potential markets or users. However, the planner

must be careful at this point. Because of legal complexities regarding

l dredged material ownership, state royalties, etc., the report by

Wakeford and Macdonald8 should be reviewed and legal and/or real estate
experts should investigate Federal, state, and local laws that might

* pertain. Wakeford and Macdonald concluded that "material disposed of

to other than governmental tax-supported or nonprofit organizations,

e.g., a commercial enterprise, must be sold at its fair market value."

The following are considerations leading to the sale of dredged
material:

a. If the District attempts to deal directly with "consumers"
(such as persons needing landfill), it will be in direct
competition with commercial suppliers of raw materials.

f If the District allows its price to float (via competitive

! 15
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bids) in order to sell a large quantity of processed
dredged material at a "fair market price," it will tend
to take business away from commercial suppliers of similar
materials and perhaps force them to cut prices to recover
sales volume. Clearly, there would be strong opposition
from commercial suppliers to such a District policy.
Alternatively, the District could set prices that do not
undercut those charged by commercial suppliers. (Note
that Wakeford and Macdonald8 cite many instances of sales
and donations apparently without serious opposition from
commercial suppliers.)

(=2

The District could avoid the direct competition issue by
dealing with commercial suppliers via competitive bidding,
with the commercial suppliers then retailing the dredged
material products to consumers. It is possible, however,
that the bids received will not entirely cover the Dis-
trict's costs for processing and transporting the material.
Selling the material under these circumstances would give
an appearance of subsidization, which conflicts with

past Corps policy cf requiring the beneficiary to bear
the added costs for disposing of dredged material used
for his benefit. This official policy, however, has been
abrogated in recent years. Many Districts are incurring
added costs to prevent alleged environmental degradation
with the "beneficiary" being the American people. In a
specific case, the St. Paul District absorbed additional
transport costs for removing dredged material from an
environmentally sensitive floodplain, thus making it
available for productive uses. Beneficiaries included
local governments (e.g., the City of Minneapolis, Minn.
and a commercial firm.* Wakeford and Macdonald® suggest
that the subsidy issue might be side-stepped if the Corps
would "place the material on state-owned or controlled
sites . . . and encourage the states to let competitive
or negotiated contracts to reclaim the material, even if
they (the states) have to subsidize the contractor."

18. Market/user survey. If a specific land improvement alterna-

tive has not been identified, a market/user survey must be performed.
The market/user survey performed during the planning phase seeks to do

the following:

* Personal communication from Mr. Dennis Cin, Construction Operations
Division, U. S. Army Engineer District, St. Paul, Minn., and
Mr. Thomas E. Raster, Acres American Incorporated, Buffalo, N. Y.,
8 Oct 1976.

16




a. Identify potential customers for dredged material pro-
ducts (both raw material suppliers and/or actual consum-
ers). Adverse locations of customers (because of distance
or relative inaccessibility from possible disposal areas)
could preclude productive use of the dredged material and
therefore affect the type of processing at the reusable
site. Customer location can also influence reusable site
location. For example, it would generally be advanta-
geous from a transportation standpoint to locate a reus-
able site on the same side of the river as a potential
major customer.

|o’

Quantify the potential demand. If the survey shows a sub-
stantial demand for products requiring extra processing
(e.g., American Society for Testing and Materials Fine
Aggregates) but little demand for unclassified material,
then the District must weigh the advantages of reducing
the waste disposal problem by the amount of dredged mate-
rial that could be consumed versus the added costs for

the equipment and multistage handling needed for the
processing. To assist in this decision, the survey should
assess revenue possibilities.

c. Determine possible revenue. If revenues from the sale of
a specific product can offset the added costs for the
extra processing, site design should include the necessary
equipment. Even if the added cost is not entirely offset,
sufficient savings might accrue from reduced waste dis-
posal costs to justify the extra processing.

Refer to Raster et al. for more information regarding market/user
surveys for dredged material.

19. If the dredged material characteristics have been ietermined
beforehand, then specific land improvement alternatives can be used in
the market/user survey. The advantages are:

a. Survey costs will be reduced since the planner can imme-~
diately focus on customers for specific products rather
than covering the entire spectrum of customers ror all
possible dredged material products.

b. Survey results will be more accurate since interviews
with potential customers can be specific rather than
tentative in terms of products and quantities. Revenue
estimates by the customers will be more serious and
precise.

20. If the planner must conduct the survey without the benefit of
knowing specific products and production rates, the survey becomes more

: of a poll to determine local raw material needs and possible unit
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revenues given various supply rates. Later, when the dredged material

characteristics have been determined, the planner can assess his ability
to meet the demands revealed by the survey.

21. Although the survey eventually boils down to a canvass of
possible dredged material customers, the first target of the surveyors
should be groups and government agencies with a planning function; e.g.,
regional planning commissions, economic development councils, highway
departments, port authorities, etc. These agencies establish develop-
ment trends (hence, future raw material needs) via recommendations on
land use policies, controls on sewer and water services, building codes,
etc. Reikenis, Elias, and DrabkowskiT provide an overview of future
landfill and constrﬁction material needs on a regional basis for the
coastal states. This same type of assessment on a local, more detailed
basis may be needed.

22. Because of the large annual volumes of dredged material,
survey efforts should concentrate on potential volume customers, such
as those listed in Table 1. However, the District should not neglect
small customers. The cumulative effect of individual homeowners,
neighborhood nurseries, etc., hauling off stockpiled excess material to
be used as fill or soil conditioner can be significant.

Transportation network

23. The regional transportation network must serve the transpor-
tation needs from the dredged material source to the land improvement
site. Research on dredged material transport is reported by Souder
et al.9 and discussed in detail in Part IV. Transport of material is
expected to be one of the largest expenses in a land improvement opera-
tion where dredged material is used. Therefore, transport will strongly
influence site location and design. The transport investigation should
begin after the potential land improvement alternatives have been iden-
tified and should focus on modes linking possible sources with sites,

rather than try to cover the entire regional network.

Identification of Possible Sites

24. The site selection process begins with listing all potential

18




Table 1

Potential Major Customers for Dredged Material

Products (After Raster et al.

'

Customer

Typical Needs

Raw material suppliers
(sand and gravel mining
and processing
operations)

Developers, construction
firms

Mining industry
Highway departments
Asphalt and concrete plants

Solid waste agencies and
private firms

Environmental organizations
and agencies (the Corps
and state environmental
and natural resources
bodies)

Recreation agencies (local
parks and recreation de-
partments and the Corps)

Agricultural interests

Material needs dictated by consumer be-
ing served. Requirements might be as
simple as clean, organically free ma-
terial or as stringent as separated
coarses with a particular grain-size
cutoff

Landfill (classified and unclassified);
subsidence fill; road embankments;
earthfill dams; levees; shoreline re-
storation; aesthetic treatments
(mounding, soil conditioner)

Fill and nutrient-rich cover for strip
mines, quarries, underground mines

Material for road base; fill for embank-
ments; sand to spread on icy roads

Sand for portland cement and asphaltic
concrete mixes

Cover for sanitary landfill operations

Material for wildlife habitat creation
(wetlands, bird islands)

Fill for parkland development; beach
nourishment

Soil conditioner; nutrient-rich cover;
fill for erosion-prone fields and
streambanks

1Y
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land improvement sites. All vacant lands should be considered. Area
maps supplied by the U. S. Geological Survey (USGS) or local governments
showing significant land uses (water bodies, roads, residential neighbor-
hoods, parks, and environmentally or historically sensitive areas) are
reqaired for site location. Ground reconnaissance and documents obtained
from local planners and organizers can add to the map information.
Examples of organizations with land use information are the U. S. Depart-
ment of the Interior, Bureau of Land Management; U. S. Department of
Agriculture (USDA) Forest Service and Soil Conservation Service; oil
companies; utility companies; farmers' associations; and military instal-
lations. Information from more sophisticated techniques, such as aerial
photography, false infrared imagery, and Earth Resources Technological
Satellite (ERTS) mosaics, can also supplement site information. Site
ownership information, available in the records of the county assessor,
should be tabulated and initial contacts made. In addition, govern-
mental agencies with jurisdiction over land use, disposal operations,

and water quality regulations must be contacted.

25. Factors in determining the feasibility of site selection are
site accessibility, available transport modes, environmental concerns,
site characteristics, institutional concerns, public attitudes, and
compatibility of land use with adjacent properties. All-weather routes
that will require little or no maintenance or upgrading must exist to
and from the sites. Air, water, and noise pollution regulations must
be examined to determine their applicability. Laws to be considered
and responsible regulatory agencies that may be involved in site selec-
tion are listed in Table 2. Hydrologic, geologic, morphologic, and
climatologic conditions at the site determine pollution potential from
runoff, erosion, and percolation. Information sources that describe
these conditions are listed in Table 3. Regulations on noise from on-
site equipment operation and along transport routes through residential
areas are generally controlled by local ordinances.

26. A cost-benefit analysis should be made of the remaining poten-
tial sites after a thorough screening of the proposed site list. The

major cost components of the total project are: process center capital
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Table 2

Primary Laws and Agencies (After SCS quineers3)

Act

Rivers and Harbors Act of

1899

Federal Water Pollution
Control Act of 1972

Fish and Wildlife Coordin-
ation Act of 1958

National Environmental
Policy Act of 1969

Coastal Zone Management
Act of 1972

State and local laws and
ordinances governing
land use, public works,
material resources,
health, etc.

Responsible Agency

Corps of Engineers

Corps of Engineers
Environmental Protection Agency
State water quality agencies

U. S. Fish and Wildlife Service
State fish and wildlife agencies

All Federal agencies whose ac-
tions affect the human
environment

Designated state coastal zone
management agencies through
the Federal Office of Coastal
Zone Management

State and regional land use
planning agencies, natural
resources agencies, and numer-
ous local government units




S

Table 3

Sources for Basic Information on Prospective Land

Improvement Sites (After LS Engineers3)

For Information Concerning Contact
Area base maps County road departments
City, county, and regional planning
departments

USGS offices and outlets for USGS
map sales (such as engineering
supply stores and sporting goods
stores)

Site maps USDA, Agricultural Stabilization

and Conservation Service

USGS offices

County agricultural extension
services

Surveyors and aerial photographers
in the area

Local companies

Geology USGS reports
State geological survey reports
Professional geologists in the area
Geology departments of state
universities

Soils USDA, Soil Conservation Service
USGS reports
Geology and agronomy departments of
state universities

Hydrology Private and public suppliers of

water

USGS water supply papers

State and regional water quality
protection agencies

USDA, Soil Conservation Service

State or Federal water resources
agencies

Local health departments

Topography USGS topographic maps
USDA, Agricultural Stabilization
and Conservation Service

Vegetation County agricultural extension
services

(Continued)
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Table 3 (Concluded)

For Information Concerning Contact

Vegetation (Continued) Agriculture departments of state
universities, local arboretums

Land use City, county, and regional planning
agencies

Meteorology National Weather Service

Nearby airports
U. S. Air Force installations
National Climatic Center

Wildlife use and/or Ctate and Federal fish and wildlife
terrestrial biology departments
National Marine Fisheries Service
Wildlife departments of state
universities

23




and operation and maintenance (0&M) costs, land improvement capital and

O&M costs, transpert system costs, and related environmental protection

costs; e.g., monitoring requirements and runoff diversion structures.

The greatest percentage of total project expense can be attributed to

such factors as volume of dredged material, equipment needs, site topcg

raphy, labor, transport mcdes, land, and contractural agreements.

Preliminary Designs and Cost Estimates

27. Preliminary designs and cost estimates should be made for the
remaining land improvement alternatives after a thorough screening cf
all the poctential alternatives. At this peint in the planning prccess,
only suitable and costweffective land improvement sites should remain
for consideration. Further coordination of project plans with govern-
ing agencies should determine the prime land improvement site and com-
plete the site selection process. Land improvement project details
should be developed and submitted to the responsible governing agencies
for approval. A variety of cost-sharing arrangements and acquisiticn
agreements can be made. The report by SCS Engineer53 prcovides a com-
prehensive checklist for contaminated dredged material and examines all
factors that must be evaluated in selecting a site which is environ-
mentally sound and acceptable to the society at large. This checklist
should prove useful in examining any land improvement project, no mat-
ter what the quality of the dredged material. Other helpful planning
deccuments prepared by or for the Corps of Engineers are Walsh and
Malkasian,1 Wakeford and Macdonald,8 and Engineer Manual Series 200.lO

28. Depending on state regulations, numerocus foliow-up steps to
the land improvement projéct may be required. These steps may be as
simple as returning leased lands to the owner or as ccmplicated as
meeting state environmental agency monitoring requirements. Postprej-
ect monitoring of groundwater is recommended tc determine the level cof

water quality.
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PART III: DREDGED MATERIAL CHARACTERISTICS |

Introduction

29. In an analysis of dredged material proposed for use in land ;

improvement prcjects, the major objective is to identify the physical,

engineering, and chemical characteristics of the material. Such infor-
maticn allows the planner to evaluate the suitability of the material

for use in a number of alternative land improvement projects. It is I
essential that the physical, engineering, and chemical characteristics
cf the dredged material be determined during the initial stages of |
planning since the prcject might prove unfeasible due tc unsuitable

material. |

30. Each land improvement alternative requires dredged material
which has certain characteristics. The specific requirements cof the
three land improvement alternatives presented in Parts V, VI, and VII
are discussed in mcre detail in those Parts of this repcrt. This Part
presents discussicns of the physical, engineering, and chemical charac- :
teristics of channel sediments and dredged material in containment
areas. References are cited for guidance on the labcratory testing

procedures.

Physical and Engineering Characteristics

31. A number of standard soil properties are used tc determine
the physical and engineering characteristics of dredged material.

Scil tests include grain-size analyses, plasticity analyses, and or-

ganic content determinations. The engineering properties tests include
compaction, consclidaticn, and shear strength. The study by Bartcs6
illustrated that dredged material is nct simply the waste product of
dredging but is in fact made up of varicus types of soil that can be
classified under the Unified Scil Classification System (USCS).ll

32. Table 4 and Figure 1 present the ranges of classificaticn

test data determined for dredged material from L00 samples cbtained

25
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throughout the U, S.6 The table shows that scils ranging from sands to

fine clay and organic particles were represented amcng the materials
dredged. Figure 1 shows the types of dredged materials found in various
regions of the U. S. This figure is intended tc be cnly an indicator of
the types of material fcund in the varicus regions and not a quantita-

tive representation.

Grain sigze

33. Grain size is the principal physical characteristic tc be de-
termined when considering dredged material for prcductive uses. Numer-
ous physical and chemical prcperties are related to grain size. Grain
size is alsc the basis of mest scil classification systems. The land
imprcvement guidelines presented in this report for the precductive uses
cf dredged material include both engineering and agricultural prcjects.

For this reascn, both the USCSll and the USDAlg’13

classifications are
used. Distinct differences arise between the twe classification sys-
tems that can be attributed to their application. The USCS methecd feor

naming scils emphasizes characteristics that indicate how the material

will behave as a construction material, whereas the USDA method empha-
sizes soil properties that, tc an appreciable extent, determine the
agricultural value of the scil. The USCS method is the standard and
accepted method for classifying dredged material by the Corps. For cer-
tain preoductive uses, it may be necessary to further investigate the
dredged material using the USDA method13 to determine the agricultural
pctential of dredged material as a soil amendment.

34. The USDA12 has classified and mapped most of the agricultural
areas in the U. S. In the USDA methcd, soils are given a textural
classification dependent on the grain-size distribution (sand = 2.00
to 0.05 mm; silt = 0.05 to 0.002 mm; and clay = <0.002 mm). Figure 2
shows the proporticns of sand, silt, and clay in various agricultural
soil types.lh
Bulk density

35. The bulk density of a material gives an indication of the
size and arrangement of various particles, whereas particle density cor

specific gravity reflects the nature of the particles comprising a

28
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Figure 2. Percent of sand, silt, and clay in scils of various
grain-size distributions and textural classes (from Calelh)

given material. Bulk density is a weight measurement by which the en-
tire soil volume is taken into consideration. The bulk density of
dredged material is usually low for fine-grained material (<62.L4
lb/ft3*), whereas the bulk density of a highly productive agricultural
loam soil can range from 70 to 86 lb/ft3. These low bulk densities in
fine~grained dredged materiall5 can be attributed tc the sedimentation
precess and the amorphous nature of the clay. The bulk density is
needed for converting water percentage by weight tc water ccntent by
volume for estimating the weight of a volume of material too large to
weigh conveniently, such as the weight of dredged material in a disposal
site, or estimating the volume of dredged material in a dump truck,

barge, or railrcad car.

*¥ A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 8.
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Plasticity
36. For USCS classification, the Atterberg liquid limit (LL) and

plastic limit (PL) must be determined in order to evaluate the plastic-
ity of fine-grained samples of sediment. The LL is that water content
above which the material is said to be in a semiliquid state and below
which the material is in a plastic state. Similarly, the water ccntent
which defines the lower limit of the plastic state and the upper limit
of the semisolid state is termed the PL. The plasticity index (PI), de-
fined as the numerical difference between the LL and the PL, is used to
express the plasticity of the sediment. Plasticity analyses shculd be
performed on the separated fine-grained fracticn (< No. 200 sieve) of
sediment samples. A detailed explanation of the LL and PL test proce-
dures and apparatus can be found in Appendix III of Engineer Manual

EM 1110-2-1906.16

Specific gravity

37. Values for the specific gravity of sclids for fine-grained
sediments and dredged material are required for determining vecid ratiocs,
cenducting hydrometer analyses, and ccnsclidation testing. Procedures
for conducting the specific gravity test are given in Appendix IV of
EM 1110-2-1906.

USCS classification

38. When classifying sediment samples, the fine-grained porticn
which passes the Nc. 200 sieve should be classified separately frocm the
coarse-grained portion retained on the Nc. 200 sieve, regardless of
which fraction ccmprises the greatest percentage by weight. Additional
information regarding the USCS classification may be found in
Reference 11.

Water retention

39. Water retention characteristics of soil describe the energy
relation of soil to water which in turn can be used tc determine the
availability of water to plants. This scil property describes the mois-
ture storing capacity of a scil and is strongly influenced by the ar-
rangement of the sclid components of scil and the quantity of fine parti-

cles and organic matter. The scil water retentiocn characteristics
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determine the available water capacity of a soil (Table 5) The avail-
able water capacity of a field scil is defined as the amount of water a
crop can remcve from the soil before its yield is seriously affected by

drought (Table 6).15

Table 5

Available Water Capacity of Scils of Different
15)

Textural Classes (from Gupta et al.

Available Water Capacity
in. of Water per

Textural Class in. of Scil Depth
Sand 0.015
Loamy sand 0.074
Sandy lcad 0,121
Fine sandy lcam (Bygalral
Very fine sandy loam 0.25T
Loam 0.191
Silt loam 0.23%
Silt 0.256
Sandy clay loam 0.209
Silty clay locam 0.204 ]
Sandy clay 0.185 .
Silty clay 0.180 \
Clay 0.156

Table 6
Available Water Capacity Suitable for Agricultural
Crops (from Gupta et al.ls)
Available Water Total Available
Capacity Water Capacity
in. Water/in. Scil in. per yd of Soil Depth Recommended Plants
0.0 1.6 Not suitable for most ag-
icultural crops unless
irrigated
0.05-0.075 1.8-2.7 Best suited for grasses
>0.075 2l Suitable for most agri-
cultural crops
Sl




Permeability

40. The permeability of a soil material expresses the ease with

which water will move or pass through it (Figure 3). The permeability
is determined by a number of factors; however, the size of the soil

peres and the magnitude of the scil water retention are the most

important.
PERMEABILITY, CM/SEC
102 10 1 w! 1w0? 1w 1wt 1w 1w w7 10?107
1 1 1 P = 1 i 1 A 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.
' oaaa T 1 T 1 L] [ 4 | N | L]
108 10° 100 100 108 10 1 107 10?2 10?0t

PERMEABILITY, GAL/DAY/FT2

Figure 3. Range in permeability of different soil classes
(after SCS Engineers3)

Properties of dredged mate-
rial in confined disposal areas

41. Johnson et al.l7 investigated the applicability of conven-
ticnal techniques for densifying dredged material. For that study,
scme knowledge of the properties of dredged material in disposal areas,
where densification would be implemented, was required. Most of the
following discussion is taken from that report, which contains more de-
tailed information as well as pertinent references tc scurce material.

42. Physical properties. When pumped into a disposal area,

dredged slurry can have a dry solids content ranging from near 0 tco
approximately 40O percent by weight. Generally, this value is about 13
percent. As the slurry flows across the disposal area, the sclid par-
ticles settle from suspension: coarse particles near the inlet (dredge
pipe), fine particles farther intc the area, and finest materials in
the immediate vicinity of the outlet. As the dispcsal operaticn prog-

resses, additional coarse-grained dredged material may accumulate in a
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mound near the inlet, displacing the soft fine-grained dredged material.

43, After the disposal operation is terminated, the surface water
is drained from the dispcsal area. A surface crust begins to form on
the fine-grained dredged material as it desiccates. With time, surface
and base drainage cause some lowering of the groundwater table; the sur-
face crust continues tc increase in thickness; secondary compression
effects develcp; and consolidation occurs as the effective weight of
the dredged material above the grcundwater level is increased from a
submerged weight to a saturated weight. The dredged material below the
surface crust remains very scft and weak.

L4, Data show that the water content of fine-grained dredged mate-
rial in dispesal areas is generally less than 1.5 times the LL of the
material, and it is possible that in freshwater areas the water content
is about equal tc the LL. The LL of dredged material is generally less
than 200, with most values being between 50 and 100.

45, Engineering properties. The surface crust associated with

fine-grained dredged material usually has a very low water content
(often near the shrinkage limit) that increases slightly with increasing
depth of the crust. The crust is usually overconsclidated due tc the
increase in effective stress caused by high negative pore pressure re-
sulting from evapcration. Below the surface crust, however, the fine-
grained dredged material is extremely soft and weak, with water ccntent
usually showing little change from the time of deposition (1.0 to 1.5
times the LL). Density and shear strength increase very slightly, if

at all, with increasing depth.

L6. Data show that engineering properties (strength, compressi-
bility, etc.) are generally better near the inlet than the outlet be-
cause the coarse~-grained material settles near the dredge discharge.
The engineering properties of the fine-grained material in the contain-
ment area near the cutlet are poorer and improve very slowly with

6,18

time. In general, it has been found that dredged material is a scil
at a high water content and if dewatered it exhibits properties expected
of soil with a high potential for productive uses.6 References that

should be consulted for engineering properties are:
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Text Tests

EM lllO-2-l9O616 Grain size, plasticity, organic con-

tent, compaction, conscolidaticn,
shear strength, and permeability

Methods of Scil Analysis, Scil water retention, available water
Part I19 capacity, infiltration rate, and
air permeability

Chemical Characteristics

47. Dredged material characteristics reflect the pcpulation, in-
dustry, and land uses of an area. SCS Engineers3 discuss the ranges of
chemical characteristics found in selected dredged material as pre-
sented in Table 7. The chemical constituents of dredged material help
determine the suitability of that material for a particular land use.
Chemical analysis of the dredged material must be made to indicate pc-
tential detrimental effects on the envircnment in a land disposal proj-
ect. Three potential problem areas exist depending cn the presence of
available chemical constituents in the dredged material: plant toxic-
ity, surface water contaminatiocn, and groundwater contamination. Plant
uptake of chemicals may alsc present prcblems if growth or reprocducticn
potential cf the plant is altered or if harmful chemicals are passed
intc the feoed web.

48. At present, nc Federal disposal criteria exist with regard to
the application of dredged material tc upland areas. Guidance must
therefore be drawn from related scientific fields where criteria or
interim acceptable limits are established. Mang et al.2l summarized
water quality limits and standards from the Environmental Protecticn
Agency (EPA), the National Academy of Sciences (NAS), the National
Technical Advisory Committee (NTAC), and varicus state agencies. These
criteria have been placed on public water supply, fresh water (aquatic
life), agriculture water (irrigaticn), marine water (aquatic life), and

ik have indicated numerous

groundwater sources. Research studies
chemical constituents and characteristics to be used for evaluating

dredged material for land applicaticn.

3L
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Table T
Concentrations of Chemical Constituents and Characteristics

(After Chen et al.go)

Range Expected
in Concentration

Constituent ppm

Total sulfides (acid soluble) 100-3,000
0il and grease 100-5,000
Organic nitrogen 100-2,000
Ammonia (NHh-N) 100-2,000
Total nitrogen 200-4,000
Total phosphorus 500-2,000
Calcium (Ca) 600-17,000
Chloride (C1) L0-20,000
Magnesium (Mg) 4,000-13,000
Potassium (K) 17,000-24,000
Scdium (Na) 12,000-40,000
Cadmium (Cd) 0.05=7T0
Chromium (Cr) 1-200
Copper (Cu) 0.05-600
Iron (Fe) 1,000-50,000
Lead (Pb) 1-%00
Manganese (Mn) 2L-550
Mercury (Hg) 022,10
Nickel (Ni) 15-150
Zinc (2n) 30-500
Chlorinated pesticides nil-10
Polychlorinated biphenyls (PCB's) nil-10

Characteristic Range Expected
Chemical oxygen demand (COD) 1.0-13%
Total organic carbon (TOC) 0.5=5%
pH 6-9
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Cation exchange capacity

49, The capacity of scil particulates to adsorb nutrients which
become available for plant growth is called the cation exchange capacity
(CEC). Adsorbed or sorbed nutrients are readily available to higher
plants and easily find their way into the scil solution. The grain
size and organic content cof sediments determine to a large extent the
capacity of that material tc scrb and desorb cations, anicns, cil and
grease, and pesticides. Silts and clays with relatively high organic
contents can sorb and fix large amounts of plant nutrients as well as
many other constituents (Figure L4). The CEC of dredged material gov-
erns the scrption of nitrogen, pctassium, and other caticns; heavy
metals; and some pesticides. The nutrient content of dredged material
varies widely as does that of different soils. Generally, fine-grained
dredged material contains considerably more nutrients than ccarse-

grained material.

INCREASING SORPTION PROPERTY

| | e | J

| | [ A [ l

COARSE SAND SILT CLAYEY
COARSE CLEAN SAND CLAY
GRAVEL SAND

Figure 4. Sorptive properties of selected soils

Nitrogen

50. The total nitrogen content of dredged material varies widely
with geographic location. The most predominant form of nitrogen in
incrganic sediments is ammonium nitrogen. In organically enriched sedi-
ments, however, organic nitrogen predominates, even though ammonium
concentrations can be very high.
Sulfur

51. Lee, Engler, and Mahloch2 found that sediments in a South
Carolina tidal marsh develcped high acidity when drained and dried.
These sediments contained up to 5.5 percent tctal sulfur. When drained,

sulfides were oxidized to sulfate with a resultant decrease in sediment
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pH from 6.4 tc as low as 2.0. This effect may be a serious problem in
dredged material containing high levels (usually greater than 0.1 per-
,tent) of nonvolatile sulfide, predcminantly iron and manganese sulfide.
This is especially true if the dredged material is not limed or its
acidity not otherwise counteracted by application tc an alkaline upland
soii.
Heavy metals
52. A wide range cf heavy metal concentraticns has been reported
in a number of sediments from rivers, harbors, and bays throughout the
U. S. and Canada. Some of the major sources of heavy metals include
industrial and sewage discharges, urban and highway runoff waters, and
snow removal. Wastes from metal plating industries that have found
their way intoc some sediments contain significant amounts of ccpper,
chromium, zinc, nickel, and cadmium. Chemical partitioning studies cof
sediments have shown that these metals occupy the least stable of the
sediment fracticns and that the sediment chemistry dominates the mobil-
2ty and availability of the contaminant as well as the indigenous metals.
53. An important consideration with heavy metals is the sclubil-
ity of specific constituents whose concentrations are high since soluble
forms are readily available to the biological fcod web. The potential
of a heavy metal to become a contaminan£ aepends greatly on its form
and availability rather than on its total concentration within a dredged
sediment.2 Heavy metals may be fixed in a slightly soluble ferm in
dredged material containing excessive sulfide. The land application
of dry oxidized dredged material may increase the sclubility of heavy
metal sulfides. However, under oxidizirg conditions, the levels of pH
and heavy metal hydroxyl and oxide formation become the important fac-
tors, and sulfur no longer governs the solubility and availability of
heavy metals.15
5k, Until Federal criteria are set, guidelines for dredged mate-
rial disposal must be taken from other research areas, such as sluGge
disposal. The USDA has been investigating the application cof sewage
sludge to agricultural lands. Chaney et al.22 presents recommended

maximum limits on the metal content of sludge (Table 8). The
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Table 8

Metal Contents in Digested Sewage Sludges

(After Chaney et al.““)*

Element

Zinc
Copper
Nickel
Cadmium

Boron
Lead
Mercury

Chromium

Domestic Sludge
Concentraticn, ppm

2000
1000
200

5 or

1.0 % of Zn
100
1000
10
1000

| e AP

¥ Typical sludge from communities withcut excessive industrial waste
inputs or with adequate abatement.

concentrations of heavy metals found in Table 8 compare faborably with

the ranges of concentrations presented in Table 7. Thus, in most cases,

the heavy metal contents of dredged material fall below the maximum

allowable limits recommended in domestic sewage applied tc land. If

higher concentrations of chemical constituents are found in dredged

material, it should not be used in a land improvement project without

prior treatment to remove or reduce contaminants. References that

should be consulted for water and soil analyses are:

Texts

Tests

Standard Methods

Water chemical analyses

Methods of Soil Analysis, Nutrient analyses, lime require-
Part IT24

USDAZ%

Lee et al.

26

ment, trace elements

Heavy metals, chemical extraction

38




PART IV: DREDGED MATERTAL TRANSPORT

Introduction

55. The transportation of dredged material is a critical consider-
ation in a land improvement project feasibility study. While both land
improvement projects and common dredged material disposal operations
require land acquisition and site feasibility studies, only land im-~
provement projects involve, in almost all cases, the added expense of
transporting dredged material to land areas not adjacent to the project
waterway. The fundamental features of transport systems and general

guidance for analysis of technical and economic feasibility are provided

in this Part. The primary information source for this Part is a report

by Souder et al.9

The information presented here is intended to ac-
quaint planners with the magnitude and scope of the transport system
and provide some cost~effective analysis information for five transport
modes: hydraulic pipeline, rail haul, barge movement, truck haul, and

belt conveyor movement.

General Planning Steps

56. Since the transport of dredged material can be a major cost
item in determining the economic feasibility of a project, the transport

system should be evaluated early in the site selection stage of the

planning process. Legal, political, sociological, environmental, physi-
| cal, technical, and economic aspects should be examined in relation to
E availability of transport routes. A sequence of five steps must be

followed when selecting a transport route:

Step Information Source

1. TIdentify available Maps, ground reconnaissance

routes
2. Classify nature (wet/ Productive use needs and sources

dry) of dredged of dredged material

material

(Continuead)
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Step Information Source

3. Determine annual volume Dredged material source
of dredged material and
duration of project

4. Estimate cost of avail-  Souder et al.9
able transport modes

5. Identify and evaluate Souder et al.9
technical, environ- Specific sources: Local,
mental, legal, and in- state, and Federal regula-
stitutional requirements tions and agencies

5T7. Federal and state regulations and local ordinances control
transport procedures which can impact on project viability. Problems
to be considered are: allowable noise levels along transport routes
(Noise Control Act of 1972), air pollution emission levels (Clean Air
Act of 1970), traffic and shipment regulations in specific zones, truck
weight limits (Highway and Safety Regulations), and accidental spill
responsibility. Other considerations that are transport mode specific
will be mentioned later in this Part when the specific transport modes

and limitations are discussed.

Elements of Transport Systems

58. Transport systems involve three major operations: loading,
transporting, and unloading. The loading and unloading activities are
situation dependent and are the major cost items for short distance
transport. The hydraulic pipeline is the only mode which requires a
unique rehandling activity; all other transport modes may interchange
loading and unloading operations to suit the specific site needs.
Loading, unloading, and transporting operations can be separated into
detailed components (i.e., backhoes, service roads, rail spurs, cranes,
conveyors, etc.) and each component examined for capacity, operational
schedule and cycle, and costs of equipment and of operation and
maintenance.

59. Important planning considerations are summarized below after

each transport mode to ensure that unforeseen problems do not arise
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subsequent to the selection of that transport mode. The considerations

should delineate viability of any particular transport mode.

Transport Modes

Hydraulic pipeline

60. The hydraulic pipeline is the only transport system recom-
mended for movement of dredged material in slurry form. Assuming gov-
ernment construction, contractor operation, and no easement cost, this
system can be economically competitive for distances up to 125 miles.

The conditioning step requires a rehandling dredge and fluidizing system.
Control of density and flow to minimize operational problems is an
essential conditioning process unique to the hydraulic pipelipg mode.
Raster et al.h suggest criteria to be used in selecting a rehahdling

(or secondary) dredge for operation within a containment area. The
criteria include:

a. Unit cost of dredging.

b. Ease of transportation.

¢. Minimum downtime.

d. Small size to allow maneuverability in a small basin.

e. Capability to dredge in shallow water to minimize dike
height.

f. Maximum cutter width to reduce the number of passes.

Numerous dredges fitting these criteria are on the market. Some have
additional features such as cutterheads capable of following natural
contours of the basin bottom without damage to natural or man~made
seals, wheel attachments for the cutterhead to allow dredging operations
in plastic or rubber-lined basins, and capability of dredging forward
and backward. The fluidizing system is needed to supply water from the
closest source to maintain flotation of the dredge. A schematic of
rehandling operations for hydraulic pipeline transport is displayed in
Figure 5. Unloading facilities are unnecessary since the dredged mate-
rial slurry is usually pumped out of the pipeline into a containment

area.




HYDRAULIC PIPELINE
_ TRANSPORT TO
" REMOTE SITE

REHANDLING DREDGE
B

FLUIDIZING SYSTEMS /

INFLOW

CONTAINMENT AREA
FOR PROCESSING

Figure 5. Schematic of rehandling system
for hydraulic pipeline

61. The pipeline to the land improvement site would include a
pneumatic or centrifugal hydraulic pump booster system and would be
automated to the maximum extent possible. For comparative purposes,
sensitivity analyses on the costs of the pump booster system are pro-
vided in the report by Souder et al.9

62. The following items should be taken into consideration in
any planning for pipeline transport:

a. Slurry movement of saline dredged material to a freshwater
environment is not recommended.

b. Dewatering requirements before a productive use applica-
tion may be a cost burden and may require treatment of
decanted water.

c. Building codes, easement acquisition, utility relocation,
climatological factors, and urban area disruption from
construction may be obstacles.

d. Confining dikes must be provided and could be a signifi-
cant cost item.

e. Right-of-way acquisition.

63. Real estate and right-of-way easements are very site-specific
items of political as well as economic concern. These items can impact
greatly on the cost of hydraulic pipeline system and therefore should
be given due consideration in any cost-benefit analysis and in the final
cost evaluation. The cost guidelines do not take into account these

costs due to the uniqueness of each case.

L2
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Rail haul

6. Rail haul using the unit train concept is technically feasible
and economically competitive with other transport modes for hauling
dredged material distances of 50 to 300 miles. A unit train is a dedi-
cated train reserved to carry one commodity (dredged material) from spe-
cific points on a tightly regulated schedule. Facilities are required
for rapid loading and unloading to make the unit train concept work and
to enable benefits from reduced rates on large volumes of bulk movement.
Bottom dump cars or rotary car dumpers are needed to meet the rapid
loading and unloading requirements. Economic feasibility demands the
utilization of existing railroad tracks; however, the building of short
intermediate spurs may be required to reach disposal areas.

65. The following items should be taken into consideration in any

planning for rail haul transport:

a. Dredged material must be dry enough to free-fall from cars.

b. Scheduling and length of unit trains are often strictly
regulated.

c. State regulations may require open hopper cars to be
covered.

d. Dual use of hopper cars may require washing of cars be-

tween uses and treatment of wash water to prevent con-
taminant transfer.

Barge movement

66. Depending upon the volume of material to be moved, barge
movement can be an economically competitive transport mode for the
movement of dredged material up to 300 miles. Barge haul was used in
the Sacramento District to remove 7,000,000 yd3 of dredged material
from Grand Isle (Figure 6). To ensure reasonable costs, a barge unit
should consist of familiar and available equipment such as one tugboat
(1,000 hp) and two dry cargo scows (l,SOO-yd3 capacity each). In
addition, loading and unloading mooring docks capable of accommodating
the two cargo scows simultaneously must exist with roadways between
the docks and disposal areas.

67. The following items should also be taken into consideration:

a. Thorough information must be obtained about the waterway;

L3
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Figure 6. Tugboat and barge transporting dredged
material (photo courtesy of Sacramento District)

i.e., navigation depth, allowable speed, lock size, traf-
fic density and patterns, etc.

|o

Often regulations exist concerning cleanup responsibili-
ties with associated fines for spills in inland waters.

Climatic conditions may affect operational schedules.

2 |0

A user charge for waterways may become a reality in the
future.

Truck haul

68. Truck haul of dredged material can be economically competitive
for distances up to 50 miles. At greater distances, transport by truck
is labor and fuel intensive and not economically Jjustifiable. The
simplicity of loading and unloading requirements and the relative
abundance of available roadways make truck hauling technically the most
attractive transport mode (Figure 7). Costs analyses are based on
utilizing 25-ton dump trucks with 18.5—yd3 capacities and assume that
routes exist which are adequately upgraded and maintained. Economic
feasibility of truck hauling is based on rates established by negotia-
tion with trucking companies and include all associated driver and fuel
costs.

69. The following items should also be taken into consideration:

Lk
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Figure 7. Truck haul utilized by the Chicago District

a. State highway and safety regulations cover a variety of
elements (gross weights of trucks, weight per axle, etc.).

b. Emission and noise standards.
c. Local ordinances designating truck routes.
d. Traffic control of truck operations during winter months

in northern climates.

e. Weight limits on bridges and roadways.

Belt conveyor movement

TO. Belt conveyor systems are employed to transport relatively
dry dredged material for short distances. They are technically feasible
and cost competitive for distances up to 50 miles. Belt specifications
vary in width (30 to 70 in.), flight length (900 to 26,000 ft), and
speed (7 to 90 mph). Systems can be designed to suit project needs ex-
cluding certain terrain difficulties. Because of system flexibility,
belt conveyors fit neatly into many loading and unloading operations.
The California Highway Department, under an agreement with the Sacra-
mento District, uses dozers and conveyors to load dredged material onto
barges (Figure 8).

71. The following items should be taken into consideration in any
planning for belt conveyor transport:

a. Building codes, easement acquisition, utility relocation,

215
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Figure 8. A 36-in. belt conveyor loading operation
(photo courtesy of Sacramento District)

climatological factors, and urban area disruption for
construction may be obstacles.

b. Material pileup due to system failure.

c. Malfunctions of sequential belt systems resulting in
entire system stoppage.

Loading and Unloading Elements

T2. Loading and unloading elements may incur high costs which can
restrict project viability. Souder et al.9 present several examples
of loading and unloading options and schematics of scenarios associated
with various dry material transport modes. Selected schematics are
presented in Figures 9 and 10. A pair of backhoe excavators and a
series of conveyor belts provide rapid loading of unit trains (Figure 9).
The barge haul scheme uses backhoes for excavation and loading directly
into dump trucks which make the intermediate haul to the scows (Fig-
ure 10). In this report, cost comparisons are based on the loading and
unloading component scenarios presented by Souder et al.9 The truck
haul loading element components are similar to the rail loading compo-

nents which include excavation backhoes and a series of belt conveyors.
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The unloading system is simply back-dumping at the productive uses site.

Analysis of Cost Effectiveness

T3. Transport cost can account for 90 percent or more of total
land improvement budget costs. The cost figures presented in this
section are meant to serve as examples for planning and do not represent
definitive cost c¢stimates. Table 9 is included to provide insight into
the cost relationships for various modes of transport. The table pro-
vides total system costs for all five transport modes. Transport costs
are reported in dollars per cubic yard of dredged material moved.

Costs are recorded for distances of 10, 20, 100, and 250 miles and for
annual quantities of 500,000, 1,000,000, 3,000,000 and 5,000,000 cubic
yards. This breakdown shows that economic feasibility is limited by
distance for most transport modes and shows the economies of scale for
larger annual volumes of material shipped. Real estate and right-of-
way costs for the hydraulic pipeline system are not included in the

cost estimating procedure.

Summary

Th. An evaluation of site conditions and available routes is
essential to every project and ultimately determines the selected
transport mode. However, a few general conclusions can be drawn. Truck
haul is the most convenient and easily operated mode of transportation
available and is the recommended transport mode for short distances.

At intermediate distances, trucking becomes less economically competi-
tive but remains the most operationally sound mode. Rail haul and barge
movement of dredged material are feasible over a wide range and are the
only viable modes for distances beyond 125 miles. The only valid con-
straints on barge and rail modes of transport are route availability,
lack of flexibility in time constraints, and proximity to land improve-
ment sites. Belt conveyors are always the most expansive mode of
transport but can be used effectively in rapid loading and unloading
procedures. When transporting dredged material slurry, the hydraulic

pipeline is the only valid transport mode.
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Table 9
Comparison Costs of Various Transport Systems,
Quantities, and Distances
Annual T?ansport 3 :

Quantity Distance Cost, $/yd”, For Cited Transport System
yd3 miles Pipeline Rail Barge Belt Truck
500,000 10 SR * 2.47 8.98 YST
& 20 3.1k * 3.1k 15.15 6.61
100 9.5L T.18 L.71 % 13.69

250 e 9.32 - Lt * &
1,000,000 10 1.46 * 2.92 5.39 373
20 1.91 . 3.1k 13.47 4.19
! 100 6.45 5.39 4. 49 * 12.91

250 w 58 7.18 * =
3,000,000 10 e L2 = 2.70 2025 Sl
20 1.32 » 2.92 3.93 3.56
100 b.10 lpson k.49 o 12.35

250 * 5.3k T35 i x
5,000,000 1140] 61 & 2.81 1.68 3005
% 20 .90 * 2.92 3.1k 3.h2
100 3.48 L.ok L.38 13.58 12,07

250 * 6.06 Ty < *

Note: The general cost estimates in this table are taken from Souder
et 21.9 and McMahon.2T These costs are adjusted to March 1978
dollars.

Indicates not competitive economically.

*
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PART V: SURFACE MINE RECLAMATION

Introductiocon

T5. As a consequence of recent public awareness of the adverse en-
vircnmental impacts cof surface mining, state and Federal laws now direct
mine operators to submit a reclamation plan when applying for a mine
license and/or permit. However, there remain many abandoned surface
mines which continue to be scurces of ercsion and acid runcff. Without
preper reclamaticn, these lands remain unprecductive and aesthetically
displeasing.

Polluticn reduction

76. Varicus techniques have been develcped to control acid mine
drainage from surface mine spoils.28 The primary purpcse of these tech-
niques is tc reduce air and water contact with the acid generating mine
spcils. Metheds which accomplish this are reducing slcpes, thereby re-
ducing runcff velocities and erosion, and establishing plants on the
mine spcils. A balance must be struck between slcpe reduction and in-

creased infiltration capacity. Attempts to establish vegetative cover

on highly acidic mine spoils have usually resulted in low survival rates.

The lack cof a vegetative cover on mine spoils will result in ercsion

and futher expcsure of acid generating pyrites (Fesg) to air and water.
T7. In order to reduce adverse effects of mine spoils, placement

of a topsoil or topscil substitute suitable for vegetative growth such

29

as dredged material is recommended. Application of dredged material

to surface mine spoils can accomplish the fecllowing:

a. Provide a cover that will reduce the infiltration of water
and the diffusion of air to the pyrite material, thus re-
ducing acid mine drainage.

|o

Provide a suitable growing medium for vegetation, making
the site environmentally beneficial and aesthetically
pleasing.

Prereclamation planning

78. Planning must be ccordinated with the landowner and, if the

mine is an active surface mine, the mining operator. Before reclamaticn

Il
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activities can commence, the planners must familiarize themselves with
state reclamation laws which include the final grade of the area, cover
requirements, and vegetation requirements.

Information sources

T79. Assistance for varicus aspects of surface mine reclamaticn
can be cbtained from state reclamation departments, county agricultural
extension offices, the USDA Scil Conservation Service, and cother local,

state, and Federal agencies.

Dredged Material Requirements

80. Dewatered dredged material can be used for surface mine recla-
mation in much the same way as topsoil or agricultural scil. However,
when ccnstruction is cconsidered as the final land use for the reclaimed
mining area, the tests for consolidation, shear strength, and permea-
bility should be perfeormed on the dredged material as well as the mine
speil. Fracticns of dredged material having different grain sizes can
be mixed to provide a surface with desirable physical and engineering

properties. Almecst any desired soil property can be obtained by de-

watering, mixing, and compacting dredged material.

81. Fine-grained dredged material can be used as a cover on mine
specils for the establishment of vegetation. Dewatered dredged material
; having a loam texture (SM, ML, or CL by USCS classification) is the
| most desirable for vegetation purposes. The dredged material should be
tested for pH, organic content, and scluble salts. The dredged mate-
rial should have a near neutral (6.0 tc 7.5) pH, a minimum organic con-
tent of 1.5 percent by weight, and a low amcunt of soluble salts (500

ppm or 1ess).3o

Site Considerations

PP -

Site preparation and {
dredged material placement

82. The amount and methed of site preparation needed at surface

mines are dependent on the topography, the method of mining performed

52
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(area, contour, cpen pit, etec.), and the final land use. Site prepara-—
tion ceonsists chiefly of regrading the surface mine tc a configuraticn
that will accommecdate a dredged material cover at a desired thickness
and slcpe to suppert vegetation. The twe principal surface mining tech-

29

niques are area and ccntour mining. Basic site preparation techniques
for reclaiming area and ccntcur surface mines are discussed below.
Information on various mining techniques and reclamaticn metheods are
doccumented in publications of the U. S. Envircnmental Prctecticn Agency
(EPA)28 and USDA.29

Area mined land reclamation

83. The area mining methcd produces the characteristic tcpography

29

of a series of parallel ridges or piles of mine spoil. Site prepara-
tion consists of leveling mine spcil ridges or piles to a width speci-
fied by law and/or final land use. Leveling or "striking cff" mine
spcil ridges is accemplished by bulldozing the ridges as shown in

Figure 11. The mine spoil piles should be leveled toc a topography

where conventional earthmoving equipment can spread dewatered dredged
material to a desired thickness (Figure 12). This methed is being field

tested by the Chicage District (see Appendix B).31

Illllllﬁ;._ v I 1

Figure 11. A bulldozer "striking off" the mine spoil ridges
prior to covering with dredged material
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¢. Application of dredged material

Figure 12. Schematic diagram showing operational techniques used
to reclaim a surface mine spoil with dredged material
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84. An alternate concept of reclaiming area mines is by the use of

slurried dredged material. Although this method has not been field ﬁ
tested, it appears promising. This method consists of hydraulically
pumping dredged material in a pipeline onto a prepared area mine. This
form of reclamation is only feasible for area mines located within pump-
ing distance of an active dredging cperation or rehandling basin as dis-
cussed in Part IV. Preparaticn of the site consists of grading mine &
spoils to a fairly uniform level and the construction of dikes around
the area to contain the slurried dredged material. Because cof the
slurry's high water content, it must be pumped in 1lifts and allowed to
dry befcre adding the next 1ift. The depth of each lift is dependent

e If the area is to be

on the final land usage and time constraints.
used for foundaticn material to support lightweight structures, the
lifts of slurried dredged material should be limited tc about 36 in. so

33

that drying will be enhanced. The dredged material shculd be allowed

tc dry to a moisture content near its plastic limit before adding the

next lift.32 If the area being reclaimed is not planned tc support

structures and is mainly being reclaimed for recreation or vegetation -1
establishment, the depth of each 1lift may be increased and the amcunt

of time between lifts may be shortened.

Contour mined land reclamation

85. The reclamation of contour mines is mecre difficult Aue to the
hilly terrain in areas where this type of mining occurs (Figure 13). i
This technique of mining requires removal of the overburden by starting ?
at the outcrop of the coal seam and proceeding along the contour around ?
the hillside. The highwall is located on the uphill side, while a rim
and steep downslope are covered by the spcil material cast down the
hillside. Being above the grade of local drainage, water from the pits
flows directly into natural waterways.3h

86. Reclamation of contour mines invelves backfilling and ter-
racing the disturbed land to the approximate original contour or to a
contour compatible with the surrounding terrain. This requires placing
dredged material into strip pits and over the mine spoil which was cast

downhill (Figure 1k).
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Figure 13.

Backfilling of surface mined area (from McNay35)

HIGHWALL

/ DREDGED MATERIAL
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Figure 1h. Cross-secticnal view cf contour backfill technique

(from EI ;\:\‘Q‘)
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87. There are different regrading techniques that may be employed
for reclamation purposes. The choice of which regrading technique to
use depends on many variables, including final land use, terrain,
amount of dredged material, and state and Federal reclamation require-~
ments. The use of dredged material for contour mine reclamation has
not been field tested. The techniques described below are extracted
from proven reclamation methods using conventional topscil.

88. Three concepts for using dredged material con contour mine
backfill are shown in Figures 14-16. The use of dredged material to
reclaim the mine tc the original ground surface level and contour is
demonstrated in Figure 1L. The mine spoil on the downslope is also
covered with dredged material tc provide a vegetative media. Figure 15
shows the use of the Georgia V-ditch technique which does not fill tc
the original soil surface but leaves a highwall and fill section tc be
leveled to support vegetative as well as agronomic production. The
slope reduction technique, as shown in Figure 16 permits stockpiling of

dewatered dredged material before final grading to original slopes and

contours.

DREDGED MATERIAL

s
2020
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' MINE SPOIL
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MINERAL SEAM

Figure 15. Cross-sectional view of the Georgia
V-ditch backfill technique (from EPA?8)
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Figure 16. Schematic of slope reduction tec]

(from EPA28)
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Operations

Vegetation selection

89. Establishment of a quick vegetative cover is important at re-
clamation sites for it is one of the most effective erosion control
methods.3l The most important factor to consider when selecting vegeta-
tion is the final land use. The planner must know whether the area is
to be used for farming, grazing, construction, temporary soil stabiliza-
tion, restoration for aesthetics, etc. Should the plans call for agri-
cultural use of the reclaimed area, the reader or user is referred to
Part VII of this report for more in-depth study concerning agricultural
potential. On the other hand, DMRP synthesis reports (Technical Re-
ports DS-78-15, 17, and 19; Lunz, Diaz, and Cole,36 Hunt et al.,37 and
Smith,38 respectively) on wildlife habitat development should be con-
sulted if wildlife habitat is desired for the final use of the site.

90. When selecting vegetation, the planner should chocse a plant
that will be able to adapt to the dredged material conditions such as
pH, moisture, grain-size distribution, and fertility level. The plant
selected should be adaptable to the climatic conditions (sunlight ex-
posure, temperature, wind exposure, rainfall) found at the site. It is
best to chocse vegetation native to the area (see Appendix C). The
vegetation selected should be easily propogated.39 A list of candidate
species should be made to determine the cost effectiveness of each.
Mcre than one species should be planted tc ensure successful establish-

ment of a vegetative cover.

Seedbed preparation

91. It is desirable to roughen or cultivate the dredged material
surface before seeding in order tc reduce the velocity of rainfall run-
off and increase water infiltration tc seedbed depth. The surface of
the dredged material should not be compacted because compaction impedes
seedling emergence. Common methods for preparing the surface of the
dredged material are scarification, tracking, and contour benching or
plowing. Scarification is accomplished by discing or harrowing along

the ground contour. Tracking is formed by the cleats of a crawler
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tractor as it runs up and downhill. The grooves made by the cleats run
parallel tc the contour. Contour benching is performed on long slopes
to build terraces tc reduce the velocity of rainfall runoff.ho Ter-
racing is performed with a bulldozer running parallel to the contour
and allowing the scil to dribble off the edge of the blade. Furrowing
of a terrace is performed by repeated plowing parallel to the contour.39
92. Dredged material should not be placed on a slcpe that is in a
frozen cor muddy condition or when the subgrade is excessively wet or in
a condition that may be detrimental to proper grading and the prcposed

seeding.

Planning Procedure for Surface Mine Reclamation

93. The following preccedure provides a step-by-step approach for
surface mine reclamation using dredged material. This prccedure is in-
tended to supplement the general planning process in Part II when con-
sidering reclamation of mined lands.

Preliminary dredged
material data collection

94. The dredging cperaticn or containment area should be described
in terms of locaticn and quantity. Critical dredged material charac-
teristics should be determined by examination of physical and engineer-
ing characteristics, settling properties, and for evidence of
contaminants.

Identification of potential sites

95. Mined areas should be lccated and identified on maps, and
initial contacts with land owners should be made to solicit support.
The pctential demand for dredged material should be defined in terms
of volume as a function of time and dredged material characteristics
(processed or unprocessed material). The mined areas should be as-
sessed for transpcrtation capabilities as well as qualitative consider-
ations such as social and environmental concerns. Field investigations
of potential sites should include such general factors of the site as

geclogy, groundwater, effluent standards, ambient water quality, land
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costs, drainage, surrcunding land use, and vegetation of adjacent lands.

Formulation cf prelimi-
nary plans (feasibility)

96. Preliminary layouts, general construction plans, and cost es-
timates should be drawn up tc assess alternatives. Impractical, costly,
or-ctherwise unsatisfactory sites shculd be identified. Additional co-~
ordination with landowners is necessary to determine final land use
(construction, recreaticn, natural) and thus better define dredged ma-
terial requirements of the site. Preliminary plans shculd be submitted
to the governing regulatory agency (state and/or Federal).

Site selecticn and final plans

97. Selection of the mined site should be made on the basis of
preliminary plans and agency coordination. Additional field studies
should be conducted at the chosen site sc that final plans may be de-
velcped. Items such as topography, groundwater, and foundation soils
should be examined. Ccordination of final plans with the mine owner
is needed, keeping the final land use in mind. Preliminary plans shcould
be firmed up by examining technical and envircnmental considerations. .
Among those considerations are grade and slope of the reclaimed area,
earthmoving requirements, transport system requirements, and construc-
tion practices for sediment control during active phases of the project.
Detailed cost estimates should be drawn up and ccst sharing agreements
negotiated with landowners. Finally, Corps and landowner responsibili-
ties should be well defined.

98. This procedure should highlight the major steps in preoject
planning for surface mine reclamation. Additional guidance can be
drawn from earlier sections of this report, Appendix B, and literature

cited.
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PART VI: USES OF DREDGED MATERIAL IN
SANITARY LANDFILL OPERATIONS

Introduction

99. Sanitary landfilling is an engineering methed for the land
disposal of solid waste. In a sanitary landfill operaticn, sclid waste
is spread on the ground and compacted to the maximum density practical.
At the end of each werking day, all solid waste delivered tc the site
during the day is covered with compacted scil. This constitutes a
solid waste cell. A sanitary landfill consists of one or more lifts of
solid waste cells. If two or more lifts are placed, each 1ift is cov-
ered by an intermediate cover. All completed sanitary landfills are
covered with a thick final layer of scil. Figure 17 shows the cross

N
section of a two-1lift sanitary landfill. +

Final cover

RAF -
Cell -7
Yo ’-I:h'ic.lmess > Cell height
lnte_vmdiate' ._cover = ; = *
Slope 33,277 e 4 Lift height

¥

Original ground

Figure 17. Cross section of cell construction for a sanitary
landfill (from Bartos“l)

100. Governmental agencies responsible for the management of
solid waste are experiencing difficulties in obtaining suitable sites
on which to operate environmentally scund solid waste disposal cpera-
tions. A major portion of the sclid waste generated in this country is
ultimately placed on land in sanitary landfills. The loccation of a san-

itary landfill is often constrained by cover material requirements and
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availability and by site characteristics related to potential adverse
environmental impact. Bartoshl reports that dredged materiazl can satis-
factorily perform the functicns of a cover material, thereby making it
possible to locate sanitary landfills at sites previously considered
unsuitable due to a lack of native cover scil. The information pre-
sented here is taken from Bartos' repcort and is intended to aid planners
in determining the suitability of dredged material for productive use

in solid waste management schemes and to provide guidance for develop-

ment of possible landfill projects.

Dredged Material Characteristics
and Compatible Uses

101. The potential uses for dewatered dredged material in a sani-
tary landfilling operation are as a material for covers, liners, gas
vents, leachate drains, and gas barriers. Part III contained a discus-
sion of physical and chemical characteristics to be considered when
using dredged material in a land improvement project. Scme dredged
material grain-size distributions are generally more suitable than
cthers. The possible uses in landfilling and the suitable soil types,
as classified by the USCS, are discussed below.

Cover

102. The solid waste in a sanitary landfill is ccovered daily
with at least 6 in. of material to prevent an unsightly appearance,
contrcl vectors at the site, prevent internal fires, and control sur-
face water infiltration. Landfills with two or more lifts must have
intermediate covers 12 in. deep between lifts. The intermediate cover
must fulfill all functions of a daily cover for up to 12 months and
must be trafficable to assist vehicle support and movement. Dredged
material characteristics of a desirable cover material are easy work-
ability, moderate cohesion, and significant strength. A mixture of
sand, silt, and clay (SM or SC) has been shown to be a suitable cover
material; if a gravel (GM or GC) is fairly well graded with 10 to 15
percent sand and 5 percent or more fines, it can make an excellent

cover. The only dredged materials eliminated for use as cover are
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highly organic materials (OH and OC) and peat (Pt). Due to difficulty
in handling, dredged material should not be used in the slurry state.
On the other hand, the use of dewatered dredged material as cover is
operaticnally feasible because the material can be easily hauled,
spread, and compacted by conventicnal earthmoving equipment.

Liners and barriers

103. Barriers and liners serve the same purpose; i.e., to prevent
the migration (lateral and vertical) of leachate water or deccmposition
gases. The suitability of the dredged material for this use is deter-
mined by the permeability of the material. Dredged material classified
CL or CH is likely to be suitable for use in constructing a liner or
barrier. Attempts should be made to keep these barriers and liners
saturated tc prevent cracking and to keep poere spaces filled with water
to prevent gas leaks.

Gas vents and leachate drains

104. Gas vents are used to direct the flow of gas to the atmos-
phere where it is harmlessly dissipated, and leachate drainage layers
are used to intercept leachate and drain it to an area where it can be ¥
ccllected for treatment or recirculation.hl The controlled ventilation
of gas requires that the vent be more perviocus than the surrounding
scil, and a leachate drain must also be very pervicus sc that leachate
will be drained quickly away from the sclid waste. Tc be suitable for

venting gas or draining leachate, the dredged material must consist of

sand or gravel with little or no fines (GW, GP, SW, SP) and must be

much more pervious than the soils at the site.

Site Characterisitics

Site selection

105. The selection of the solid waste disposal site will be the
decision of the governing sanitary district. Site suitability and site
management options will be evaluated by the sanitary district. The
offer of dredged material to these districts allows them to consider

sites initially screened out due te the lack of natural scil cover.
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Transport systems

106. In order for dredged material uses in solid waste management
to be economically attractive, the landfill site must be within a rea-
sonable distance of the dredged material supply (<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>