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upland, and wetland disposal, improve the effectiveness and acceptance of confined land disposal where
it is a desirable alternative; test and evaluate concepts of wetland and upland habitat development using
dredged material; and develop and test concepts of using dredged material as a productive natural
resource. The large volume of information generated in pursuit of these goals has been transmitted to
Corps operating elements in various formats, incorporated into formal directives, and used extensively in
the criteria and guidelines established for regulatory programs.

The most significant overall conclusion to be drawn from the DMRP is that no single disposal aiter-
native (e.g., open-water disposal, confined upland disposal) is presumptively suitable for a geographic
region or group of projects.,What may be desirable for one project may be completely undesirable for
another; consequently, each‘browct must be evaluated on a case-by-case basis. In addition to this, each
project evaluation must be made in full consideration of long-term as well as short-term disposal needs
and possible interactions among projects. Each must be compatible with long-range regional planning.

Regarding the effects of open-water disposal, studies concluded that, unless the dredged material
was highly contaminated, physical impacts are likely to be of greater potential consequence than
chemical gr biological impacts. Serious short-term water quality effects are not likely unless the disposal
site is ggochemically dissimilar to the dredging site. Biological effects of an adverse nature are similarly
unlikely due to the resiliency of most organisms (except in larval stages) and the demonstrated ability of
many organisms to rapidly recolonize disposal sites. Over a longer term, certain aquatic organisms will up-
take chemical contaminants; however, the patterns of uptake still remain unpredictable. Except in coral
areas and during times of fish migrations and spawning activities, turbidity is much more likely to be only
an aesthetic problem rather than a biological problem. lrrespective of this, certain turbidity control
measures are feasible under certain circumstances as indicated by field tests.

Confining dredged material on land can offer increased environmental protection, but it is not an alter-
native without problems and is not always beneficial. Soil biochemical conditions in diked containment
areas sometimes can enhance rather than retard contaminant release; thus effluents and leachates must
be carefully evaluated as to their potential effects. Where confined sites are desirable, they can be im-
proved greatly over present practice in terms of design, construction, operation, and management as a
result of DMRP research results. Particular areas of improvement include effluent regulation, storage
capacity, dike design, and internal environmental conditions and aesthetics.

Several major DMRP field test and demonstration projects have proven the viability of using dredged
material to develop both wetland and upland wildlife habitats in a variety of environmental situations. As a
result of specific studies, guidance is now available as to what species to plant for a desired habitat, how
and when to plant them, how to place and protect the dredged material, and what subsequent site
management may be necessary. Additional information was generated on the relative productivity of
various marsh plant species (data important in determining relative wetland-area values), the recovery of
species buried by disposal, factors involved in ecological succession, and methods of predicting the possi-
ble uptake of chemical contaminants by marsh plants.

Concepts for using dredged material productively as a natural resource were explored with emphasis
placed on analyzing known constraints such as transportation modes, public perception, legal and institu-
tional factors, and economics. Demonstration tests were conducted of dredged material usage for shrimp
mariculture and strip mine reclamation and the use of dredged material for agricultural soil improvement
and in solid waste management was investigated conceptually and in the laboratory.
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PREFACE

This report contains two elements (Executive Overview and Detailed Sum-
mary) of the six-element structured approach to presenting the results of the
Dredged Material Research Program (DMRP) to a large and varied audience.
The 11-page Executive Overview is intended to give the higher level managers
and supervisors a + 20-minute exposure to the more important findings on the
research and insight into their significance. The Detailed Summary is intended
as a general reference and guide to all aspects of the DMRP and should be par-
ticularly useful to those with only limited knowledge of the DMRP.

A series of 21 Synthesis (or summary) Reports constitute the third element
in presentation of results (see inside of front cover), designed for those who
want an overview of the technical findings of the major DMRP tasks. The
fourth element consists of the 198 Technical Reports and Miscellaneous
Papers that contain all data and results in detailed form. As a reference to these
two elements, the separately published Publication Index and Retrieval System
constitutes the fifth element. The last element includes the 55 Information Ex-
change Bulletins published approximately monthly to provide interested per-
sons with up-to-date highlights of recently completed studies and notes and
news of widespread interest.

This report was prepared by the staff of the DMRP, which was assigned to
the Environmental Laboratory (EL) of the U. S. Army Engineer Waterways Ex-
periment Station (WES), Vicksburg, Mississippi. Principal contributions and
supervision were provided by Dr. R. T. Saucier, Special Assistant for Dredged
Material Research, and the four DMRP Project Managers, Mr. C. C. Calhoun,
Jr., Dr. R. M. Engler, Mr. T. R. Patin, and Dr. H. K. Smith. Major contributions to
the design and content of this report were also made by the Technical Com-
munications Group of the EL under the direction of Ms. D. P. Booth. All work
was accomplished under the direction and general supervision of Dr. John
Harrison, Chief of EL.

Commander and Director of WES during the preparation of this report was
COL J. L. Cannon, CE. Technical Director was Mr. F. R. Brown.
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At thie beginning of this decade, the concern over the environmental im-
pacts of dredging to maintain navigable waterways and harbors and the
disposal of the dredged material reached the stage where Federal legislation
was necessary. However, it was recognized that the technical base on which
the initial legislation was based was inadequate—existing information was
limited to site-specific studies that permitted only inferences that the open-
water disposal of polluted dredged sediments presumably must be harmful to
the environment. It was in this context that the need for a comprehensive na-
tionwide research program was recognized and authorized by Congress (Public
Law 91-611).

Responding to this need for more basic information on all types of dredged
material disposal and possible alternatives to existing methods, the Corps of
Engineers undertook the Dredged Material Research Program (DMRP) via the
Waterways Experiment Station in Vicksburg, Mississippi. Initiated in 1973, the
DMRP was accomplished in the planned 5-year time frame at a cost of $32.8
million. Highly interdisciplinary in nature, it was a tightly managed, basically
contracted (70% of total research funds), extensively coordinated effort in-
volving more than 250 individual studies. These consisted of a planned and
phased mixture of conceptual, laboratory, and field studies in association with
routine Corps projects designed to understand the processes and mechanisms
involved in environmental impacts. To an extent not possible previously, this
generic approach was intended to permit the development of much-needed
methods for predicting effects before a project is carried out or a permit issued
under regulatory functions.

The DMRP was designed to be as broadly applicable as possible on a na-
tional basis with no major type of dredging activity or region or environmental
setting excluded. It thus resulted in methods of evaluating the physical,
chemical, and biological impacts of a variety of disposal alternatives —in water,
on land, or in wetland areas—and produced tested, viable, cost-effective
methods and guidelines for reducing the impacts of conventional disposal alter-
natives. At the same time, it demonstrated the viability and limits of feasibility
of new disposal alternatives, including the productive use of dredged material
as a natural resource.

Before summarizing the more significant findings of the DMRP, it is impor-
tant to note that extensive efforts were taken to ensure effective information
dissemination and technology transfer. In addition to a wide variety of publica-
tions designed to meet the varying requirements of different audiences, the
technical staff that managed the DMRP repeatedly briefed Corps and non-
Corps personnel at all levels throughout the nation and participated in several
interagency coordinating and planning committees. Of greater significance
were the efforts to incorporate research results into Corps regulations and
operating procedures and into the criteria and guidelines developed for
regulatory programs. In the latter case, both the Section 103 (Public Law
92-532) and 404 (Public Law 92-500) programs for ocean and inland water
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protection have profited from results of the DMRP and will continue to do so 25
efforts progress to prepare technical implementation manuals for both
programs.

To those concerned with national or regional planning and policy formula-
tion, there are two extremely important fundamental conclusions that can be
drawn from the DMRP. The first is that there is no single disposal alternative
that presumptively is suitable for a region or a group of projects. Correspond-
ingly, there is no single disposal alternative that presumptively results in im-
pacts of such nature that it can be categorically dismissed from consideration.
Put in different terms, there is no inherent effect or characteristic of an alter-
native that rules it out of consideration from a technical standpoint prior to
specific on-site evaluation. This holds true for open-water disposal, confined
upland disposal, habitat development, or any other alternative.

Specific on-site evaluations mean that each project must be considered on
a case-by-case basis. It is not technically sound, for example, to make the
general statements that ocean disposal must be phased out or that all material
in the Great Lakes classified as polluted must be confined behind dikes. To do
this would be contrary to research results that have indicated that there can be
situations where there is greater probability of adverse environmental impacts
from confined disposal than from open-water disposal. Yet, in other situations
such as when certain types of contaminants are present, confined disposal may
provide the greatest amount of environmental protection.

Implications of this conclusion from a management point of view are fully
recognized. Case-by-case evaluations are time consuming and expensive and
may seriously complicate advanced planning and funding requests. Never-
theless, from a technical point of view, situations can be envisioned where tens
of millions of dollars may have been or could be spent for alternatives that con-
tribute to adverse environmental effects rather than reduce them.

The second basic conclusion is that environmental considerations are act-
ing more strongly than possibly any force to necessitate long-range regional
planning as a lasting, effective solution to disposal problems. No longer can
disposal alternatives be planned independently for each dredging operation for
multiple projects in a given area. While each project may require a different
specific solution, the interrelationships must be evaluated from a holistic
perspective and thought given to when particular disposal alternatives may
have to be replaced with others as conditions change. Regional disposal
management plans not only offer greater opportunities for environmental pro-
tection ultimately at reduced project cost, but also meet with greater public ac-
ceptance once they are agreed upon.

Considering first the specific findings with regard to the effects of open-
water disposal, the physical effects—the logical and easily predicted physical
effects —are with few exceptions more important than chemical or biological
effects. Physical effects include the smothering of a clam bed, the disruption of




a flow pattern, a change in salinity, or a similar effect. These possible conse-
quences of disposal operations are persistent, often irreversible, and
compounding. However, they are infrequent and can be avoided with the
judicious application of evaluative procedures available under guidance for the
Section 404 and 103 programs. More intense evaluations of physical impacts
traditionally have relied on physical hydraulic models, but the DMRP developed
mathematical models that can also be used for certain needed predictions.
Specifically, a partially verified and tested math model is now available to
predict the short-term fate or dispersion of barge and hopper dredge dumped
material as well as pipeline dredged material in ocean, estuarine, lake, and river
environments. An unverified sediment transport model for the long-term and
ultimate fate of these deposits is now available.

Contrary to much public, scientific, and governmental opinion, the deep
ocean, when analyzed in a detailed objective fashion, is not everywhere a
fragile environment totally unacceptable for dredged material disposal. A
significant contract study concluded that, should the economic and
technological aspects be favorable, extensive deep ocean areas are more en-
vironmentally acceptable for disposal than are some highly productive con-
tinental shelf areas, especially for contaminated materials.

Turning to inland and coastal areas, the DMRP achieved definitive results
that soundly substantiate that most widely held fears over the short-term
release of contaminants to disposal site waters are unfounded. As long as the
geochemical environment is not basically changed, most contaminants are not
released from the sediment particles to the water. However, in contrast, upland
disposal often does result in a change in the geochemical environment that can
lead to contaminant release. Some nutrients such as ammonium and
manganese and iron are released in open-water disposal, but in most cases
enough mixing is present to rapidly dilute these to harmiess concentrations.
Situations where toxic effects could occur would most likely be where pipeline
dredges are discharging large volumes of material into very shallow estuarine
waters.

The difficult problem of the effects of turbidity or suspended sediment par-
ticles on both water quality and aquatic organisms was addressed with signifi-
cant results. It was found that, except in unusually environmentally sensitive
areas such as coral reefs, turbidity is primarily a matter of aesthetic impact
rather than biological impact. It is, of course, often advisable to schedule
dredging and disposal operations to avoid disrupting spawning activities and
fish migrations. However, studies showed that most adult organisimis can
tolerate turbidity levels and durations far in excess of what dredging and
disposal operations produce. These studies, conducted in the laboratory and
verified in the field, involved a variety of marine, estuarine, and freshwater
organisms.

With regard to benthic or bottom-dwelling organisms, their resiliency, once
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beyond the larval stage, was demonstrated. Disposal sites can be and are
rapidly recolonized by the establishrment of new populations, by migration of
organisms from adjacent unaffectea areas, and by survival of the organisms
buried. Colonization by opportunistic species can occur within weeks and by
the original species within months. When the type of dredged material dispos-
ed at a site is of the same grain-size distribution as the natural bottom (e.g.,
sand deposited on sand or silt on siit), survival of existing organisms is max-
imized. Conversely, a mismatch of sediment type can be quite detrimental. The
condition that could be most injurious to benthic organisms is when the
disposal operations, primarily hydraulic pipeline operations, produce a fluid
mud or “‘fluff’’ layer that is a difficult and alien environment for many
organisms.

It was shown that certain aquatic organisms will uptake chemical con-
taminants from dredged material. However, the patterns of uptake were found
to be unpredictably erratic and there were no clear trends.

Different types of organisms will uptake different quantities of con-
taminants such as heavy metals depending on an apparent variety of en-
vironmental and biological factors. The complexity of this process and the low
level of predictive capability have been controlling factors in the decisions that
bioassays must be an integral part of the evaluative criteria used in implement-
ing the Section 404 and 103 programs. It is fully realized that bioassay tests
are expensive and time consuming, but the state-of-the-art allows no effective
alternative for determining how organisms will be affected by contaminated
dredged material.

Determining the effects of open-water disposal has been somewhat like
trying to strengthen a chain. Once the weakest link is found and strengthened,
attention is necessarily then directed to the next weakest link. Major DMRP
field studies of open-water disposal sites strengthened several links. They
verified several major laboratory findings and showed that short-term impacts
are quite brief and are not of major environmental significance. These indeed
can occur, but are certainly going to be the exception rather than the rule. In
addition, studies have called attention to situations where open-water disposal
has even had beneficial environmental effects and have identified operational
procedures that can be used to reduce impacts without new technology or
major cost increases.

The next weakest link in the strengthened chain involves long-term
biological impacts. Certain selected field test sites will be monitored for 3 years
beyond the end of the DMRP to provide some much-needed information on this
subject; however, many answers still will not be forthcoming. Among these
will be ones relating to chronic or sublethal effects of very long-term exposure
of benthic organisms to contaminated material and effects on reproduction.

Thus far, mention has been made primarily of assessing the effects of
open-water disposal and very little about controlling or mitigating effects when




they occur. This aspect was not overlooked, and even when an effect was
found to be an unlikely event, it was presumed there could be instances where
control or regulation would be advisable for one reason or another. A good ex-
ample is turbidity. Even though adverse biological effects are highly unlikely,
there may be reasons why excess turbidity should be minimized. One study
called attention to how simple equipment maintenance and efficient operation
can reduce turbidity and another extensively evaluated and developed
guidelines for using silt curtains or ‘‘diapers,’’ pointing out when they can be
effective and when they will only mask the problem and not alleviate it. For ex-
ample, silt curtains are ineffective where currents exceed 1 knot and will be
both ineffective and uncontrollable under moderate wave conditions.

The DMRP included considerations of dredging equipment development in
very few cases as this was largely beyond its scope. However, because of the
peculiar nature of the problem of turbidity, a concept was developed for the
submerged discharge of material from a hydraulic pipeline dredge through a
specially designed underwater diffuser. Model tests of the diffuser showed it
has excellent potential for reducing turbidity as well as for reducing the extent
of the potentially harmful fluid mud layer that so often develops.

On a related subject, various studies considered the feasibility of treating
contaminated dredged material to reduce the impact of disposal operations.
Because of the large volumes and variable nature of the material involved and
the very low concentrations of contaminants, most conventional treatment
processes are infeasible, particularly when considered for use in the dredging
operation itself. Some processes are feasible for confined disposal facilities and
are discussed later. However, with regard to open-water disposal, only in-line
oxygenation to reduce the dissolved oxygen sag accompanying disposal of cer-
tain kinds of material being moved by a pipeline dredge appears operationally
and economically practical. The use of flocculents to reduce turbidity in an
open-water disposal situation is not effective or practical in most situations.

No studies directly addressed the issue of hopper dredge overflow as this is
not a disposal problem per se. Nevertheless, program results do shed some
light on this matter since turbidity from overflow is no different from that
resulting from other dredging-related causes. In many, if not most, cases, this
practice should result in no significant impact; however, there is an element of
risk involved since the fine-grained materials overflowed are the ones that con-
tain the relatively highest contaminant loads. The negative public image of this
practice is widespread and there can be situations where aesthetic impacts are
more important than biological impacts. A study of foreign dredging practices
and technology showed that there is a simple and inexpensive technique
developed in Japan that shows promise for significantly reducing the amount
of surface turbidity associated with hopper dredge overflow.

Confined or diked containment of dredged material as a conventional alter-
native was also extensively investigated. Confining contaminated material on




land or in shallow water next to land can be an environmentally sound and
preferred alternative, but not inherently better than open-water disposal for
several reasons. There are technical reasons why confined disposal could be
less effective in protecting water quality or organisms. These include the
change in the geochemical environment that could lead to an enhanced release
of contaminants and the difficulty in retaining the finer grained particles in en-
vironmental settings where they are likely to have greater impact when re-
leased (e.g., wetlands or small streams). Also, it should not be overlooked that
confined facilities are expensive, of finite life, and result in a permanent change
in the physical landscape, often in conflict with land-use and management
plans.

Irrespective of the alternative decision, if a confined disposal area is to be
constructed, it must be designed, built, and operated in such a way as to
achieve maximum effective capacity and satisfactory effluent quality. Unfor-
tunately, historically, neither of these basic objectives has been met by most of
the facilities that have been built. These objectives are by no means mutually
incompatible and the reasons they have not been met involve lack of technical
knowledge as well as policy and institutional factors such as cost, funding
sources, and diffused construction and management responsibilities.

The DMRP developed and issued in report and manual form a variety of
guidance and information that should iargely afieviate the technical knowledge
limitation. No longer is it necessary to rely primarily on ‘‘rules of thumb’’ and
personal experience. Specific guidelines were prepared for designing contain-
ment areas with appropriate storage capacities, surface areas, and shapes;
designing and building dikes; designing and placing inflow pipes and weirs;
selecting equipment for operating in disposal areas; landscaping containment
areas; and controlling problems such as mosquito breeding and noxious odors.

If a confined disposal site is to be effective from an environmental protec-
tion standpoint, it must be efficient in retaining a high percentage of the finer
soil particles, for it is the clays and silts that carry the contaminants. These are
admittedly the materials most difficult to retain in an area, but if they can be,
the effluents should be essentially nontoxic except for occasional situations
where nutrient levels and oxygen depletion may be excessive.

The guidance mentioned above contains specific information on how
disposal site retention times can be maximized; however, there are cases
where sites are simply incapable of providing adequate retention. Addressing
these situations, studies found that coagulants and flocculents can be quite ef-
fective for effluent treatment, and treatment system design and operation
guidelines were developed based on actual field tests. Studies also considered
the principles involved in the land treatment of wastewater and concluded from
a limited field test that the regulated discharge of disposal area effluents
through a natural marsh can be effective in removing nutrients.
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With time, the soil physicochemical environmment in a confined disposal
site can become appreciably different from that of sediments before dredging
or sediments deposited in open water. The upland drzined situation can lead to
an oxidizing acidic environment that was shown in laboratory studies to be con-
ducive to the leaching of contaminants, particularly heavy metals. Whether or
not the leachate will contaminate groundwater will depend on the absorptive
capacity of the natural soil, which is normally quite high. A far more serious and
more probable impact can occur when saline sediments are placed in a
freshwater upland environment. Salt will leach from most dredged material and
whether or not it will contaminate groundwater must be carefully evaluated on
a case-by-case basis.

In terms of time, effort, and cost, the most expensive aspect of confined
dredged material disposal can be the land acquisition. The DMRP included
studies aimed at alleviating or lessening this problem. These dealt with
methods to increase the storage capacity of existing sites and/or concepts for
making existing sites reusable.

Field tests proved that it is possible to dewater even some of the more dif-
ficult types of dredged material so that disposal sites can store more sediment
and less water. A side benefit of this dewatering is improved engineering
characteristics of the densified material. Through field investigations and tests,
surface trenching with an available surplus Marine Corps vehicle called the
Riverine Utility Craft proved to be cheap and effective in providing natural
drainage. Whereas more complex and even exotic dewatering methods such as
underdrainage systems and electro-osmotic dewatering may be feasible where
the cost can be justified, here is a case where the cheaper technique, relying
heavily on nature, was shown to be generally the most effective.

Dredged material, particularly dewatered dredged material, has value for
landfilling or in construction. Every cubic yard that can be removed from a con-
tainment area and used, donated, or sold offsite for any purpose is a cubic yard
of new storage capacity gained. In conjunction with the Corps Districts, con-
cepts were developed for disposal area reuse for both existing and planned
disposal sites. Numerous possibilities exist for separating and handling
materials in a site, and actual field situations have demonstrated that uses
within the site for purposes such as haul road construction and dike raising are
too often overlooked as completely viable concepts.

Dredged material is also a substance that can be used to create or improve
wildlife habitats —examples of this already exist in nearly all parts of the coun-
try. However, it is known that the past occurrences were primarily accidental
rather than planned. Realizing that even the most productive habitats
sometimes can be out of place within an ecosystem, the DMRP concentrated
on understanding the natural processes and developing guidelines on exactly
what should be done, where and when, and what are the relevant considera-
tions in all phases from site selection to follow-up management.
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Certain basic studies were concerned with wetland plant productivity from
two points of view. Knowing the relative productivity of a species is one factor
in selecting those suitable for planting at a habitat development project. It is
also one factor in the extremely difficult problem of determining the value of a
wetland being evaluated as a disposal site. Studies showed, for example, that
the productivity of several so-called minor species is greater than anticipated
and the ability of at least one species to recover from burial beneath dredged
material up to 9 inches thick is greater than expected. This information will be
helpful in selecting areas and methods of disposal should a wetland area have
to be used for disposal.

Considerable attention was given to the uptake of chemical contaminants
by marsh plants as an obvious concern in decisions on developing marsh
habitat using dredged material. Uptake was found to occur in different ways
and at different rates in most plant species, but the amounts of contaminants
involved were not so large as to cause major concern. The question of how
much uptake is too much was not resolved and is not likely to be anytime soon;
however, evaluations of uptake shouid be made with an awareness of the
natural functioning of a wetland system as a contaminant processor. The end
product sought by the research was a test that can be used to predict the pat-
tern of uptake from a particular type of material. To this end, it was largely, but
not entirely, successful since certain contaminants have proven difficult to
predict as far as behavior is concerned.

Marsh creation using dredged material is now a proven, viable alternative
that can be designed and implemented as reliably as any other alternative.
Also, certain misconceptions about this alternative were firmly dispelled. In
particular, it can be easily demonstrated that marsh development does not
necessarily eventually preclude the disposal of material from subsequent
maintenance dredging projects. There are examples where phased marsh
development, with or without other disposal alternatives, has been planned in
such a way as to accommodate maintenance dredging for periods of 50 years
or more.

While marsh development is a field-tested and proven alternative, it is not a
simple one and it is often not cheap. However, costwise, it is definitely com-
petitive with other alternatives and cheaper than some. Marsh development is
not unusually difficult from an engineering point of view, but it is difficuit
operationally in relative rather than absolute terms. By this, it is meant that no
new equipment or technology is needed, but rather dredgers are sometimes re-
quired to perform unfamiliar operations according to unusual time and accuracy
specifications. The operations can be done, but they will require close coor-
dination and cooperation.

As indicated earlier, marsh development is not a satisfactory alternative for
all locations, but there is no major geographic region where it is not desirable
and possible somewhere. Marshes can be developed in the Great Lakes area
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and along inland river systems as well as in all coastal areas. The only known
environmental conditions in which it is probably not practical are ones with
high tidal ranges and strong waves and/or currents. Otherwise, depending on
local conditions, marshes can be developed in a variety of shapes and sizes,
with different placement methods, with different types of dredged material,
with different plant species and planting techniques, and with or without re-
taining dikes. Specific guidance was prepared for each of these considerations
and is supplemented by decision methodologies useful in selecting sites and
particular habitat development goals.

In some respects, the development of upland habitats, either on new
disposal sites or by reclaiming old sites, is a technology more advanced and
more tested than marsh habitat development. Upland habitat includes such
situations as food and cover for mammals and nesting, resting, or feeding areas
for waterfowl. Most of these require only the application of existing agronomic
and wildlife management practices. But availability is useless without
awareness, so this information was compiled and synthesized for widespread
distribution. Upland habitat development can be relatively inexpensive and is
not difficult, and there are hundreds of disposal sites that could be impraved
environmentally and meet with greater public acceptance if improved in this
way.

Small islands created by dredged material disposal in inland waterways
and coastal bays and estuaries are a special type of upland habitat develop-
ment. Several regional surveys showed that many of the more than 2000 of
these islands have become extremely valuable wildlife habitat. In fact,
maintenance of the U. S. population of several colonial nesting birds such as
sea gulls, terns, and herons is dependent upon islands of this type.

Thus, island development obviously can be an environmentally beneficial
disposal alternative and one that has large public acceptance. The DMRP pro-
vided guidance on how islands can be designed and managed to be of greatest
value to certain target species and how the natural evolution of the islands can
be controlled for maximum wildlife benefit. However, there are problems, both
real and imagined. In the former category are the conflicting concerns and
needs of the wildlife interests and the fisheries interests who often have oppos-
ing views on the need for islands versus open water. This type of problem can
only be resolved on a case-by-case basis. In the latter category is the
widespread belief that once an island is created and inhabited by desirable
wildlife, it can never again be used as a disposal site. This is not true! In fact,
studies showed that unless natural vegetational successional patterns are oc-
casionally interrupted, the islands will lose their wildlife value. The most prac-
tical way of providing the needed interruption is by depositing a new layer of
material. Specific guidance includes management techniques on how con-
tinued disposal can be phased with optimum wildlife use. Once again, the key
is a sound management plan.

13
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While research focused primarily on wetland and upland habitats, aquatic
or submerged habitats were also included. A literature review and a small field
test ware accomplished, but these concluded only that it is a promising but un-
proven disposal alternative. It was demonstrated that seagrasses can be
transplanted to a disposal site; however, much additional information will be
needed before the basic requirements for establishing a successful seagrass
meadow are recognized and understood.

The fourth major part of the DMRP was the development and testing of
concepts for nonwildlife-oriented beneficial or productive uses of either
dredged material itself or disposal sites. Perhaps more than in any other alter-
native, successful use of the material or the sites as a natural resource requires
favorable and often fortuitous circumstances, but these do occur.
Nontechnical factors outweigh technical ones more as a rule than as an excep-
tion and requirements for coordination and cooperation in land-use planning are
extraordinary. Since many of the concepts are new and unusual, there is also
the requirement for the Corps or some other group to take the initiative in pro-
moting the ideas and getting people to think about them. Indeed the DMRP was
a positive factor itselt in advertising concepts and moderating apprehension by
pointing out where others have applied the concepts successfully.

Many products such as aggregate and bricks have been made using
dredged material, sometimes successfully, and the potential for new concepts
is limited only by the breadth of one’'s imagination. However, success will be
difficult in view of the quality and undependability of the supply of the raw
material, the requirements for capital investment, and especially the need for
favorable market conditions. The only concept with apparent potential for at
least regional application that was field-tested as part of the DMRP was the use
of conventional disposal sites for the mariculture of shrimp. This was proven
technically feasible and has caught the attention of some private entrepreneurs
who feel the potential market outweighs the risk. In this and similar concepts,
the advantage is that a landowner is more likely to favorably consider the use of
his land as a disposal site if he can derive some benefit from it rather than
relegate it solely to a form of waste disposal. In mariculture, the disposal site
forms the required impoundment and the organic-rich dredged material is a
periodically renewed source of food for the organisms.

Opportunities for the productive use of dredged material increase ap-
preciably as one moves inland from navigable waterways. As a consequence, a
study considered multiple aspects of modes of long-distance transport of
dredged material and produced a method to use in determining the feasibility
and cost of various transport systems for individual projects. If dredged
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material can be moved economically over distances of tens of miles, some of
the disposal opportunities that emerge include improvement of agricultural
sails, use of dredged material in solid waste management, the filling of aban-
doned pits and quarries, and strip mine reclamation. Reports were prepared on
multiple aspects of each of these possibilities, documenting requirements and
discussing case histories as well as setting forth specific concept options.

As would be expected, concerns over the effects of using chemically con-
taminated materials dominate the list of relevant considerations; however, so
far these have not proven to be limiting. One should never lose sight of the fact
that much dredged material is not contaminated, nor should one overlook the
real dangers of placing saline dredged material in freshwater areas.

Considering productive uses of dredged material, the obvious value of the
land created when a disposal site reaches capacity was not overiooked. Most
disposal sites filled with fine-grained materials from maintenance dredging are
not suitable for industrial or commercial development from a foundation
engineering point of view, but they can be ideally suited for recreational
development. While it is not the present policy of the Corps to expand its role in
recreation to include navigation projects, there is a need for recreational
facilities in this context and many non-Federal groups are interested. One study
pointed out the issues related to such use of disposal sites, including funding
availability, maintenance responsibility, and guarantees of public land use.
Another analyzed case histories in an attempt to find out why certain produc-
tive land uses have succeeded and others have failed. These include but are not
limited to recreational uses. Other studies evaluated laws and regulations at all
levels impacting on land uses and determined the land values and associated
benefits created by disposal sites. The end products are guidelines on how the
Corps or other groups can achieve or promote the productive subsequent uses
of disposal sites both for the inherent benefit of doing so and the probability of
being able to acquire new sites more easily.

in summary, t' * DMRP contributed considerable new information that is
being and can be used in all aspects of dredging project design and implementa-
tion, including project planning, engineering design, environmental impact
assessment, project scheduling and operations, and permit evaluation. In other
instances, it only affirmed what had been previously held by many, but it has
done so in such a way as to reduce remaining doubt and enhance more
widespread acceptance. In both cases, the result has been greatly increased
opportunity for economically necessary waterways and harbors maintenance
and development to proceed in harmony with appropriate levels of environmen-
tal protection and even enhancement in some cases.
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AUTHORIZATION. . . ..

® By the River and Harbor Act of 1970 (Public Law 91-611,
Section 123(i))

® Waterways Experiment Station (WES) assigned in May
1971 to define and assess the problems and develop the
research program

® Funding for research authorized by the Office of Manage-
ment and Budget (OMB) in February 1973

® WES initiated research (Dredged Material Research Program
(DMRP)) in March 1973

® Budgets for continuation of research between fiscal years
1974 and 1978 approved incrementally by Congress and
OMB on the basis of obtained and anticipated results

® Program completed in March 1978

OBJECTIVE. . . ..

To provide, through research, definitive information on the en-
vironmental impact of dredging and dredged material disposal opera-
tions and to deveiop technicaily satisfactory, environmentatly com-
patible, and economically feasible dredging and disposal alternatives,
including consideration of dredged material as a manageable
resource.

SPECIFIC GOALS. . . ..

® Establish definitively the effects of open-water, land, and
wetland disposal on water quality and organisms

® Test and evaluate concepts of marsh development and land
and water habitat development as environmentally
beneficial disposal alternatives

® Improve and enhance the acceptance of confined land
disposal as an alternative and consider regulation of the
dredging/disposal operation as an environmental control
measure

® Develop and test concepts for using disposal sites for pro-
ductive purposes and consider the use of dredged material
as a natural resource
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BACKGROUND. . . . .

In the United States, major commercial water routes measure in
the tens of thousands of miles, and ports or harbors number in the
hundreds. When recreational boating is included, these figures in-
crease by an order of magnitude. Excluding the initial construction ef-
fort involved, most of these waterways and harbors require periodic
maintenance since they are in situations where there is a constant
conflict with geological, hydrological, and indeed even cultural pro-
cesses. If these facilities are to be kept operational, they must be
dredged periodically.

Modern dredges, particularly hydraulic cutterhead pipeline
dredges, are among the most efficient excavation tools ever devised
by man. They are the solution to keeping waterways navigable;
however, they present several major problems, foremost of which is
the environmentally acceptable disposal of the dredged material.

Dredged material can consist of a wide range of materials, in-
cluding those contaminated by industrial, urban, and agricultural
discharges and runoff. It is excavated and transported in hundreds of
different locations by different methods and in a variety of different
consistencies and widely varying quantities. it is disposed of in a
multitude of different ways —but aimost always with the view that it
is a worthless by-product of a necessary activity.

Several years ago, there was evidence —but little or no scientific
data to prove —that much of the nationwide concern and alarm over
the environmental effects of dredging and dredged material disposal
were unfounded. On the other hand, there was knowledge that
adverse effects certainly could occur under certain conditions, but
the extent and magnitude of the effects largely could only be guessed
at. The major problem to be solved was how, considering the state-
of-knowledge and the diversity of dredging locations and situations,
could the significant adverse effects be predicted so that proper
avoidance or mitigative actions could be taken where it is reasonable
to do so?

Considering only Congressionally authorized Federal dredging
projects, over 350,000,000 cubic yards of material are dredged
each year from several hundred locations at a cost of well over
$200 million. To study environmental effects with sufficient
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comprehensiveness to understand cause-and-effect relationships and
to identify acceptable alternatives at each of these locations would
have been prohibitively expensive and beyond the scientific man-
power and facility resources. Also, as Congress was aware in 1970
when it passed legislation for a multihundred million dollar interim
program of mitigative measures in the Great Lakes area, a regional ap-
proach to understanding the long-term environmental consequences
of a nationwide activity would not suffice. Even the most effective
synthesis of individual studies of areas and concepts would not suf-
fice for developing meaningful long-term national criteria on which
applications for permits for dredged material disposal in inland or
oceanic waters could be evaluated.

A holistic approach to understanding effects and identifying
alternatives was endorsed as an effective way to satisfy the require-
ment set forth in 1970 by Congress for a comprehensive, nationwide
study of dredged material disposal problems. The DMRP, completed
in March 1978, provided answers and implementable alternatives to
decisionmakers at all levels that should alleviate the need for most in-
vestigations beyond the usual pragmatic project-specific ones. The
DMRP was not a panacea, but it brought to bear on carefully selected
key problem areas an extensive and intensive combination of concep-
tual, laboratory, and field studies programmed to meet finite objec-
tives within a finite timeframe. Consequently, its scope excluded cer-
tain recognized long-term research needs and concentrated on critical
shorter term problems. The DMRP was multidisciplinary in every
respect and considered a wide range of dredging and disposal situa-
tions. Its dynamic planning base allowed it to be modified almost im-
mediately within overall constraints to meet changed priorities arising
from evolution of the problems and research results obtained. Its
mode of implementation ensured maximum flexibility to pursue the
most promising solutions and alternatives while at the same time
bringing to bear an immense spectrum of research capability. Perhaps
the most important was the well-developed awareness of the need
for and steps taken to ensure effective information dissemination and
application of results to ongoing projects.




MANAGEMENT. . . ..

The DMRP was managed under a project manager organizational
structure within the Environmental Laboratory (EL) (formerly the En-
vironmental Effects Laboratory) of the WES. Project Managers (see
Staff section) with technical support staffs were responsible for
technical planning, fiscal management, internal and external coor-
dination, technical monitoring of work accomplishment, documenta-
tion and reporting, results evaluation and synthesis, and information
dissemination and technology transfer. Coordination and overall
guidance of the DMRP projects was by an EL Special Assistant who
reported directly to the chief of EL. The authority and responsibility
for final decisions on all actions taken to meet program objectives
were vested in a Program Planning Group (PPG) that consisted of all
DMRP senior management personnel and the program coordinators.

In addition to implementation of certain research efforts and con-
tract management, EL technical elements contributed heavily toward
the planning and management of all DMRP major field investigations.
Personnel of the Environmental Resources and Environmental
Engineering Divisions of the EL also contributed heavily toward the
summary and synthesis of research resuits.
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THE STAFF. . . ..

The scope and diversity of the DMRP plus normal staff turnover
during a 5-year period resulted in a substantial number of personnel
involved with program management. All deserve recognition for their
accomplishments: those who were on the staff at the termination of
the DMRP are specially noted and their names appear in italics.

THE CHIEF, EL
John Harrison, Ph. D., Supv Research Civil Engineer

THE SPECIAL ASSISTANT, DMR
R. T. Saucier, Ph. D, Geographer

THE PROGRAM MANAGER ’
MAJ F. H. Griffis, Jr., Ph. D., Construction Engineer

THE PROJECTS
ENVIRONMENTAL IMPACTS AND CRITERIA DEVELOPMENT PROJECT
Managers
R. M. Engler, Ph. D., Research Soil Scientist
J. W. Keeley, Ph. D., Research Ecologist

Staff

)

. R. Becker, Ph. D., Research Biologist

. E. Hoeppel, Research Microbiologist

. W. Holliday, Oceanographer

. E. Palmer (Harrison), Biologist

. K. Peddicord, Ph. D., Physical Scientist
. H. Plumb, Jr., Ph. D., Physical Scientist

Pl Vool )

HABITAT DEVELOPMENT PROJECT
Managers

C. J. Kirby, Ph. D., Research Ecologist
H. K. Smith, Ph. D., Research Wildlife Biologist

Staff

L. F. Holloway, Ph. D., Research Ecologist
R. T. Huffman, Ph. D., Botanist

L. J. Hunt, Wildlife Biologist

. C. Landin, Biologist

D. Lunz, Marine Biologist

R. Patin, Civil Engineer

E. Tucker, Ph. D., Research Botanist
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DISPOSAL OPERATIONS PROJECT

Managers
C. C. Calhoun, Jr., Research Civil Engineer
R. L. Montgomery, Research Civil Engineer
Staff
N. C. Baker, Research Civil Engineer
W. D. Barnard, Ph. 0., Oceanographer
7. A. Haliburton, Ph. 0., Geotechnical Engineering Consultant
M. L. Hayden, Civil Engineer
T. K. Moore, Sanitary Engineer
M. E. Poindexter, Civil Engineer
J. W. Spotts, Ph. D., Research Soil Scientist

PRODUCTIVE USES PROJECT

Managers
CPT R. M. Meccia, Civil Engineer (Env)
T. R. Patin, Civi) Engineer
R. T. Saucier, Ph, D.. Geographer
Staff
M. R. Walsh, Civil Engineer

THE COORDINATORS

K. O. Allen, Ph. D., Fishery Biologist (Fish & Wildlife Service)
CPT W. C. Allanach, Jr., Civil Engineer

MAJ M. D. Malkasian, Civil Engineer

CPT R. M. Meccia, Civil Engineer (Env)

PLANNING CONSULTANT
M. B. Boyd, Supv Research Hydraulic Engineer

MANAGEMENT SUPPORT

Throughout the DMRP, personnel of the Environmental
Resources Division of the EL (C. J. Kirby, Ph. D., Chief) and the En-
vironmental Engineering Division (A. J. Green, Chief) provided task

The latter included development and implementation of research
designs and rationales, coordination, and interpretation and repor-
ting of results. Particular individuals making significant contributions

included:
H. H. Allen, Research Ecologist

M. J. Bartos, Jr., Civil Engineer
P. R. Becker, Ph. D, Research Biologist
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R. Bingham, Limnologist
G. Boone, Oceanographer
S. Boyce, Ph. D., Soil Scientist
J. Clairain, Fishery Biologist
P. Cobb, Marine Biologist
A. Cole, Ph. D., Research Ecologist
J. Diaz, Ph. D., Research Marine Biologist
L. Doiron, Mathematician
P. Farrell, Ph. D., Ecological Statistician
W. Ford, Electrical Engineer
. B. Gallagher, Ph. D., Research Biologist S
A. Goss, Civil Engineer
. A. Granat, Geologist
J. Hunt, Wildlife Biologist
H. Johnson, Research Limnologist
L. Llopis, Geologist
D. Lunz, Marine Biologist
D. Magoun, Ph. D., Statistician
B. Mathis, Marine Biologist
L. Montgomery, Supv Research Civil Engineer
. R. Palermo, Research Civil Engineer
R. Parsons, Ecologist
P. Peloquin, Ph. D., Wildlife Biologist
H. Pennington, Ph. D., Fisheries Biofogist
R. Reese, Microbiologist
R. Seelye, Ph. D., Limnologist
. K. Smith, Ph. D., Research Wildlife Biologist
A. Spaine, Civil Engineer
E. Unsicker, Ph. D., Botanist
M. K. Vincent, Physical Scientist
alski, Sanitary Engineer
ells, Ph. D., Soil Chemist
0o0d, Ph. D., Supv Research Water Resources Specialist
right, Civil Engineer
. D. Wright, Ph. ., Research Biologist
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In addition, numerous personnel of the Technical Communica-
tions Group (D. P. Booth, Chief) and the Management Support Group

(J. T. Ransome, Chief) of the EL contributed appreciably to the ac-
complishment of the DMRP.
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FUNDING

€0

Total funding for the DMRP amounted to $32,878,000 in yearly
increments as follows:

FY 73 $1,300,000
FY 74 $3,900,000
FY 75 $8,200,000
FY 76 $9.400,000
FY 77 $2,685,000
FY 77 $56,493,000
FY 78 $1,900,000

Total expenditures for research involved 67% of each dollar
while the remaining 33% was used for management and related ac-
tivities (planning, supervision, study management, coordination, con-
sultation, travel, reports preparation and publication, information
dissemination, etc.). Being an aspect emphasized throughout the
DMRP, technology transfer accounted for a large percentage of the
nonresearch part of each dollar.

Referring to the specific goals of the DMRP, distribution of the
research dollar involved:

® 40% for studies of the environmental effects of disposal
operations

® 30% for testing and evaluating concepts of marsh and
wildlife habitat development

® 22% for studies related to improving land disposal as an
alternative and regulation of the disposal operation

® 8% for developing and testing concepts of productive uses
of dredged material
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RESEARCH ACCOMPLISHMENT. . . . .

Approximately one-half of the more than 250 individual studies
(work units) in the DMRP were contracted as a result of competitive
advertisement of Scopes of Work. Coupled with the funding of about
a dozen unsolicited proposals and 18 work units accomplished by
other Federal agencies, this resulted in over 60% of the DMRP con-
ducted outside of the Corps. This diversity in regard to the individuals
and groups implementing the DMRP, summarized below, was a
strong point of the program and hopefully contributed to its quality
and credibility.

NO. OF " TOTAL

CATEGORY WORK UNITS COST
In-house (WES) or Corps 102 $ 6,574,900
Contracts with commercial firms 12 5,233,700
Contracts with universities/institutes 77 8,791,700
Other Federal agencies 18 1,413,100
Program Totals 269 { $22,013,400

The names of the DMRP contractors and implementing groups,
together with the names of the principal investigators, are listed
alphabetically in Appendix A. Included are 47 commercial firms, 37
universities or university-affiliated institutes, 12 offices of 6 Federal
and 1 State agency, 6 individuals, 3 other Corps Laboratories, 9
Corps Districts, and 10 WES organizational elements.
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TECHNICAL STRUCTURE. . . ..

At the beginning, the DMRP was subdivided for planning and
management purposes into 26 tasks that represented basic program
objectives. As a reflection of the dynamic technical planning provi-
sion of the DMRP (implemented via a Program Planning Group), the
technical structure was twice reviewed and revised as problems were
better defined and priorities changed. By the third year, the final
structure emerged, consisting of 20 research-oriented tasks and 1
program-wide task concerned with technology transfer and

applications.

To serve as a guide to the second part of this Detailed Summary,
the DMRP technical structure is summarized below:

RESEARCH PROJECTS

RESEARCH TASKS

ENVIRONMENTAL IMPACTS AND
CRITERIA DEVELOPMENT

1A Aquatic Disposal Field Investigations

1B Movements of Dredged Material

1IC  Effects of Dredging and Disposal on Water Quality

ID  Effects of Dredging and Disposal on Aquatic Organisms
1E  Pollution Status of Dredged Material

2D Confined Disposal Area Effiuent and Leachate Control

HABITAT DEVELOPMENT

2A  Effects of Marsh and Terrestrial Disposal
4A  Marsh Development

4B Terrestrial Habitat Development

. A‘ . Mah l: 1. P

4F  lsand Habitat Development

DISPOSAL OPERATIONS

2C Cont Area Operations

SA  Dredged Material Densification

SC  Disposal Area Reuse

68 T of C d Dredged Material
6C  Turbidity Prediction and Control

PRODUCTIVE USES

3B Upland Disposal Concepts Dcve)opmmlr
4C  Land Improvement Concepts
4D Products Research

SD  Disposal Area lLand Use Concepts

9A R h Results Appli

WESN Y
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CONSULTANTS

The DMRP made liberal and effective use of consultants at all
levels and for a variety of purposes ranging from overall program
review and guidance and the planning of entire tasks to the prepara-
tion of specific Scopes of Work and the review of reports. Of the
more than two dozen scientists and engineers representing academia,
industry, government, and research that were retained, the following
8 individuals provided continued critique and advice on program-level
progress and plans:

Richard H. Backus, Ph. D. (Marine Biologist), Woods Hole
Oceanographic Institution

Robert S. Clas (Dredging Consultant), Robert Clas &
Associates

Arthur W. Cooper, Ph. D. (Plant Ecologist), North Carolina
State University

W. Wesley Ekenfelder, Jr. (Sanitary Engineer), Vanderbilt
University

G. Fred Lee, Ph. D. (Environmental Chemist), University of
Texas at Dallas

John Lowe Il (Soils Enginee