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SECTIONS 148 AND 150 AND and experience gained by the DMRP staff through its
MRP involvement in conceptual, laboratory, and field

investagations. The individual factors or considerations
On 22 Oc , e~~resident of the United listed are those that have been proven, through

States signed into law esource Development experience and trial-and-error, to be critical to the
Act of 1976 (P1 94-587). Two sections of this law, success of both disposal site management and wetlands
Sections 148 and ISO , are of particular interest and development.
significance to those concerned with the environmental This issue of the bulletin was prepared by the staffs
effects of dredging and dredged material disposal and of the Disposal Operatiops (DOP) and Habitat
alternative disposa l methods. The first of these sections Development (HDP) Projects of the DMRP under the
(as can be seen from the full text conta ined on the cover direct supervision of Mr. C. C. Calhoun, Jr., and
of this bulletin) is concerned with the utilization of Dr. H. K. “Bo” Smith, Managers, respectively, of the
management practices to extend the useful life of DOP and the HDP. Coordination, review, and general
disposal areas, and the second with establishing wetland supervision were provided by Dr. R. T. Saucier, Special
areas as part of authorized water resource development Assis tant  for  Dredged Material Research ,
projects . While there is no apparent direct link between Environmental Effects Laboratory of the Waterways
this enabling legislation and the activities and results of Experiment Station (WES).
the Dredged Material Research Program (DMRP)
from the sta ndpoint of origin of the concepts and SECTION 148—DISPOSAL AREA
impetus, the legislation does open the door to the MANAGEMENT TECHNIQUES
application of DM RP-generated technology on a major
scale. In fact , it is not unreasonable to conclude that To date, there have been few cases of the
effective implementation of the requirements of either of application of planned management practices to
these sections of the law is not possible without reference confined dredged material disposal areas. With few
to or use of the results of DMRP research. exceptions, material is placed in an area and left

To assist Corps operating elements in planning for unattended until the time approaches to place
implementation of Sections 148 and 150, the DMRP additional material at the site again. Consequently,
staff has carefully reviewed the entire program dredged material that characteristically is fine grained
specifically from the view of identifying all completed or (silt and clay) is retained in the containment area at very
active studies that are relevant to the new legislation. Of high water contents. It is not unusual to find water-to-
a current total of 220 work Units in the DMRP , 82 are sediment ratios of two or more parts water for every part
considered sufficiently applicable to warrant discussion. of solid sediment in the area. Therefore, the retention

Since many of the applicable work units are still dikes serve essentially as dams, holding back large
active, there is a minimal amount of results in final quantities of water and relatively small quantities of
andj or synthesized form that can be conveyed at this solids. Through the application of proper design and
time. Even though minimal, that which is available is management techniques, much of the water can be
too voluminous to be summarized in usable form in a removed from a disposal area, thereby increasing its
document as brief as this bulletin. Consequently, the effective storage capacity. 1
mode of presentation selected for use herein is designed Although the primary purpose ofremovmg water is
to serve basically as a reference or key to existing and to obtain additional capacity, the physical and
expected DM RP information rather than a engineering properties of the material are also
presentation of information per se. The vehicle selected improved, thus the material is much easier to rehandle
to serve as the base for the key is a form of logic diagram and to be put to some productive use. If the material is
or decision matrix reflecting the sequence of steps and removed from the site, the site can then be reused as a
considerations that a Corps operational element will containment area. The goal of these management
apply to any given project. Although not readily techniques is to extend the service life of containment
apparent, the matrices included herein (one for each areas, which, of course, means requirements for
section of the law) reflect a large amount of knowledge additional sites are reduced. A reduction in the number2



of sites required to contain dredged material yields DM RP within the next year or so. Where guidance is
obvious economic and environmenta l benefits. being developed in a particular area, the specific work

In the initia l planning stages of the DMR P . a need unit is cited throughout the text for further reference . It
to develop management techniques for increasing the should be emphasized that information from all work
service life of containment areas based on sound Units will be synthesized into a condensed , more usable
engineering and scientific principles was identified and form as one end product of the DMRP.
given high priority. A major part of the work within the
D M R P  DOP has been aimed at developing PRELIMINARY PLANNING
management guidelines for confined disposal areas.
Significant contributions have also been made by the After a dredging project has been authorized , all
Environmental Impacts and Criteria Development disposal alternatives are candidates for consideration as
(EICDP) and Productive Uses Projects (PUP) . The shown in Figure I ; however, only the logic that applies
results of this work have prompted a rapidly developing when confined disposal [l] is being considered or )ias
state-of-the-art and knowledge that has coincided been selected is pursued in this figure.
fortuitously with the passage of this enabling legislation. The in situ volume of sediment to be dredged over

the design life of the containment area must first be
MA NA GEMEN T GUIDELINES determined [2]. This involves more than simply

determining from surveys the amount of material to be
It has been the consistent philosophy of the DOP removed , for a determination of the type and density of

that integrated disposal area management must be materia l must be made (4A16A, 5A19).** Once this
considered from the earliest planning stages of a project. essential information has been acquired , the
Consequently, the planning, design, construction , and containment area volume required (considering no
management phases of containment areas should be management techniques) is determined [3] (4A16A,

• considered as a whole with none of the phases standing 5A 19). This provides the worst or “do-nothing” case
alone. The simplified decision network shown in (most volume required) to which the benefits of the
Figure 1 has been developed to indicate how and where management techniques may be related.
the management guidelines being developed may be Effluent water-quality and other environmental
applied. Figure I is not intended to be a complete protection requirements (such as leachate control) must
decisionmaking network but can be used to identify be established [4] (2DO l , 2D02, 2D04, 2D05, 6B05).
crit ical areas where management decisions should be Other potential environmental problems (such as odors,
considered. Since environmental considerations may noise, and mosquitoes) should not be overlooked [5]
dictate the location of a new site or govern the continued (2C06, 2C II , 2Cl2) .
use of an existing site, an evaluation of these From the previously determined information [1]-
considerations must be made in developing the overall [5], a preliminary p lan for containing the material
management scheme and hence are included in Figure 1. should be developed [6]. This plan should consider the

Work units or specific efforts within the DMRP maximum volume of containment area required , the
that are directly applicable to the development of these environmental protection measures needed, and a
guidelines are shown in Table I with the numerical consideration of all available potential sites (4A l6A ,
designations that they carry under the DMRP and that 2C06). . -

will be used in this discussion. It is difficult , however, to
determine how the numerous work units fit into the DISPOSAL SITE SELEI ~?T!ON
overall management scheme from inspection of Table I .
The following discussion, keyed to Figure 1, is intended At this point , two basic alternatives are generally
to clarify the work unit/ management scheme available. Either a containment area may be built at a
relationships , new site or an existing area may be reused.

4 . The reader should also keep in mind that more
detailed guidance is being prepa red in many areas and • R~~~. ~ s~~ i~~rIy numbered boxes in Fi wv I.
will be available in separate report form from the ~ Refers to similarly numbered work units in Table I .

3
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Equipment used in large-scale controlled laboratory cxp~r :Tl ~ Windmill located on perimelerdike powera vacuum and waterpumps
invest igate Ehe effect of surface agitation on the dr~ uog ralco1dre~iged (Work Unit 5A09)

material slurry (Work Unti 5A02i. 
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Electro -osmotic drying of line-grained dredged material . m di- -

cated by the light -colored portion of the samples, being carried out
in the laboratory of KMA Research Inat itute . Mesa, Arizon a Mixing sand slurry grout for pressure injection into dredged material

(Work Unit SAlle) to create drainage laycr(Work Unit SA Il )
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Special apparatus developed to determ ine theconsolidation caused by One of four 24~ 24 m test pit s ~th dfff ersnt underdrain configurations
successive f reeze-thaw cycles in Imne.prain.d dredged mater ial used to evaluate the effective ne~a o~ Underdraine to dewater fine-

(Work Unit 5A07) grained dredged material (W~~ Unit 5A lS)

FIgure 2. Laboratory and f ield Investigations of dewatering techniques
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1 .
NeW Disposal Sites vegetatio’n (2C02, 2C10, 5Al8), vacuum wdilpoints

In Figure 1 consideration of a new area is shown on (5A09), aeration (5A05), capillary wicks (SAI O),
the left. Numerous factors must be considered in the mechanica l stabi lization (5A14), natura l frost action
design of a new containment are a~some of which are (5A07), and genera l operations and desiccation crust
listed in Figure I (71. The actual design selected will management (5A02, 5A06, 5A13 , 5A16). All initial
usually depend upon the management system adopted. feasibi lity stud ies have been completed, and field studies
Two major management concepts that may be are und er way and will be completed in mid- 1977. All
considered are shown in Figure 1 as IA) and (a) along major field studies are being cond ucted at the Upper
with guidance on developing, if required , t reatment Polecat Bay Disposal Area on the Mobile River
systems for contaminated material (C). (Figur es 3 and 4). The field studies are being

If the sediment to be dredged is fine grained , coordinated through and assistance is being obtained
dewatering (A) the dredg ed material may provide from the Mobile District . Muc h unpublished
significant additional effective volume in the information is presently available on the feasibility of
containment area . The feasibility of various dewatering the concepts , operational problems, time and rates of
techniques has been or is being investigated by the dewatering, and costs and will be incorporated in the
DMRP in the laboratory and /or field (Figure 2). final reports and synthesis documents.
Concepts include progressive tre nching (5A08), gravity The second major management scheme (B)
and vacuum-aided subdrains (5A03, 5A II , 5A ii), low invoFves reuse concepts, i.e., reuse as a disposal area.
voltage grad ient ekctro-osmosis (5A04, 5A 17), The bas ic idea is to use the containment area essentially

Figure 3. Test site and f ield demonstrations at the Upper Polecat Bay Disposal Area, Mobile. Alabama

7 
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Although not a management technique for directly
- ‘ increasingthe capaci ty ofacontainment ar ea,guidelines 

— 

~~~~~~~~~

— — — ( arc being developed for treatment technology (c) for
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‘

~~
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• , •  • • the cases where effluent from a contai nment area must
t ~~~~ 

______ 

be treated. First , significant physicochemical

~ : : ~ - . ~~~. ~ — interactions within a containment area that influence
• a . - -

, effluen t quality are being identified (6805, 2D01, 2D02,
2D05) for a better underst and ing of processes and the
development of a predictive capability. Treatment of the
material either chemically or biologically was next

Figure 4. Layout of dredged material dewalering field considered in general (6B0 1, 6802) as an operationaldemonstration areas, Upper Polecat Bay disposal size,
Mobile, Alabama alternative; presently, specific treatment techniques

using chemicals (6807, 6808), vegetation (6809, 2C15),
as a rehandling basin. Ideally all material placed in the and filtering (2C05) are being refined.
area would be removed and put to a produc tive use. Althoug h few reports have been published to date
Realistically, it is doubtful that an ideal case will occur; on stud ies relating to the three general concepts
consequently, in DMRP terminology, reusable disposal previously discussed , LA , B, C) , DMRP staff members
site concepts include areas where , through management can discuss and provide interim results.
or rehand ling the material , the service life of the area ~ Guidelines for items shown in box [7] are being
significantly extended rather than prolonged developed. A study of the disposal site area needed to
indefi ’oite ly. Initial DMRP studies dealt with ensure that effluent quality will be met is currently under
development of techniques for separating, drying, and way (SC 11). This relates closely with guidance on site
rehandling of dredged material to promote removal for configuration, including the need for interior dikes and
productive use (50)1, 5CO IA). Later studies have been optimizing the locations of inflow and outflow
aimed at refining the concepts (5C07, 5C08, SCl 1). stru ctures (2C 16). Of major importance is the design of

A study has been completed to determine the dikes and outlet structures to ensure that a stable system
potential use of dredged material as landfill or will exist (2C04). Guidance will also be available on
construction materia l (50)4). It was found that odor and mosquito abatement strategies (2C1l , 2C 12)
numerous potential needs exist for the material. A and overall landscaping of a disposal azea (SEO I , 2C 17).
companion study (50)2) was designed to dispel the An invento ry of specialized equipment that can
rather widespread public opinion that dredged material operate in and around containment areas has been
is always undesirable gunk. This study showed that developed (2C09A), and promising equipment is
dredge d material basically consists of natural soil . pre sently being evaluated in the field (2C09B, 2C09C).
materials that may be used as such. The most promisi ng and in fact the only piece of

If dredged material is to be donated or marketed , equipment found that can operate and perform wor k in
legal or policy problems may arise. These problems were most • containment areas containing fine-grained
investigated (50)6) with the general conclusion that , in dredged material is the Riverine Utility Craft or RUC
most cases, legal pro cesses are available that allow for (Figure 5). The RUC has been describe d in previous
removing and marketing or donating the material. DMRP Information Bulletins , and there is a backlog of

An overall strategy for developing reusable requests by Corps Districts for its use. Steps are now
disposal sites (50)5) is being developed which will being taken to obtain more of these vehicles for use by
provide guidelines with respect to site selection, design, the Districts.
management , and costs. It is obvious that in many cases Full advantag e is being taken of the experience and
the reusable site concepts are dependent on the expertise of Europeans (2C14) and the Japanese
dewatering concepts previously discussed . At present a throug h visits by DMRP staff members. Manag ement
DM RP team is visiting District offices (5C09) to outline techniques used in these countries are in some respects
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(13]. Guideline s are being developed to enable the
- ~~~~~ — - - designer to pred ict the volume gained [3) by

implementing dewater ing and / or reuse concepts (5A19,
5A20, 5A2 1 , SCl l ). If the capacity of the site is
inadequate or is excessive, redesign will be necessary as
indicated in Figure 1. If the capacity of the managed site

___________________________________________ is adequate, f inal plans should be prepa red [14]. The

- A deta iled plans may be developed by appl ying most of the
technology previous ly discussed.

SITE PERFORMANCE

Once a plan is chosen and implemented , the
performance of the site should be monitored and

Figure 5. The RUC. pictured above can operate in documented [l5~ As with any plan , changes may be
extremely soft soiLs in dredged material disposal areas to needed after actual performance is observed and

perform ~‘zanagement tasks assessed. Guidance will be given in the final reports of
the DMRP concerning recommended monitoring and

- far superior to those in the United States and will be documentation procedures. For the interim , when
reported so as to broaden the base of options to be concepts are being considered for implementation by a
considered. District , the staff of the DOP are available to provide

guidance and assistance and consider that the greater
Existing Disposal Areas their involvement with Districts in the evaluation of the

If existing disposal a ’eas are available and have conc~ -pts , the greater will be the opportunity to perfect
potential for reuse, management of these areas should the concepts based on broader feedback from the field.
be considered. The site may have to be modified and At the end of the design life, a decision must be

• operational changes made (8] to make the most efficient made to either terminate use of the site or apply other
use of the site. Included would be most of the design manag ement techniques (16). As shown in Figure 1 , if
consideration~ shown in box [7] and the application of future use is desired, return to [8] and redesign as
the techniques shown as ~A, B, C). needed. If for various reasons use of the site is to be

Probably the first consideration would be to raise terminated , it will be necessary to go back throug h the
the dikes. The method often used would be to raise the entire procedure .
dikes with offsite material [9], and guidance is being The preceding discussion is a key to DMRP result s
developed on the design of such dikes (2C04). H owever , based on a very general description of the strategies
consideration should be given to the material existing in required for design of containment areas when includ ing
the site [10]. - new or improved technical concepts and developing an

If the material is fine grained and saturated , overall management scheme. By the end of the DMRP
dewatering would provide needed additional site in March 1978, it is believed that practically all of the as-
volume (II]  and might be useful in improving the yet unanswered questions encountered when foLlowing
material so it can be used to raise existing dikes or the procedure (Figure 1) will be addressed and prop er
implement reusable disposa l site concepts [12]. If the guidance will be available to make sound engineering
material is coarse grained, raising the dikes or and scientific judgments.
implementing the reusable site plan will be simplified
since dewatering will not be necessary. SECTION 150—WETLAND HABITAT

DEVELOPMENT
SITE CAPA CITY

Habitat development on dredged material has been
After steps [1] through [12] have been considered, shown to be a proven disposal alternative. Fourdistin ct

the next step is to determine the f inal capacity of the site types of biological communities are suited for

9
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Table 2
WORK UNITS APPLICAKLE TO MARSH DEVELOPMENT

WOft Ripoff WoeS Report
t ilt Till . Available Umit TkI, Availabk

2A05 Marsh.Estuar ine Nutrient and Heavy Mar 77 4A 13K Bolivar Peninsula (Texas) Upland and Mar 78
Metal Cycling Marsh Habitat Development : Site

2A07 Effect of Dredged Material Deposition Dec 77 Report
on Short Form Sparuna ake,n~flora 4A14D Rennie Island (Washington) Marsh Jun 77
Marsh Habitat Development: Site Report

4A01 Study of Ident ifi cation of Relevant CR D-76-2 4Al 5 Heavy Meta l Uptake by Marsh Grasses TR D-76-5
Criter ia and Survey of Potent ial (Phase 1)
Application Sites for Artificial Habitat 4A16 Prediction of a Stab le Elevation for May 77
Creation Marshes Created from Dredged Material

4A03 State-of-the-Art Survey and Evaluation CR t)-74-9 4A 17 Dyke Marsh Demonstration Area TR. D-76-6of Marsh Plant Estab l ishment (V irgin ia). Feasibility Study
Techn iques

4A I7A Deta iled Desi gn -— Dyke Marsh May 774A04A Product iv ity of Minor Marsh Grass Apr ~ Demonstration Area (Virginia)
Species and Their Substrate Selective
Propertie s (Atlantic Coastal Area) 4A lS Pond Three Marsh Demonstration . San Dec 77

Francisco. California4A04 B Productiv ity of Minor Marsh Grass Apr 77
Species (Gulf Coast Area) 4A 19 Marsh Development. Apalachicola Bay. Dec 77

Florida4A05 Modeling of Ecological Succession and Mar 77
Production in Estuari ne Marshes 4A 20 Productivity of Marsh Plants . Pacific No~ 77

Coast4A06 Physiological Response of Marsh Plants Apr 77
to Environmental Stress 4A22 Productiv it y and Succession on Dtedged Planned

Material: A Synthesis
4A07 Concept Development and Economic Sep 77

4A23 Engineering Considerations and Cost Plannedand Environmental Compatibility Effectiveness of Habitat DevelopmentAnalyses of Underwater and / or Floating
Dredged Material Retain ing and on Dredged Material: A Synt hesis
Protective Structures 4A24 Marsh Plant Establishment on Dredged Planned

4A08 Development of Guidelines for Material CR D-75-2 Material: A Synt hesis
Placement in Marsh Creation 4B05 M Miller Sands (Oregon) Upland and Planned

4AlOJ Branford Harbor (Connecticut) Marsh ()c~ 77 Marsh Habitat Development: Site
Habitat Development: Site Report Report

41106 Establishment of Marsh Grasses on Feb 774A II M Windmill Point (Virginia) Marsh Mar 78
Habitat Development: Site Report Dredged Material

4E02 Grassbed Development . St. Josep h Bay. Dec 774A 12C Buttermilk Sound (Georgia) Marsh Jan 78 FloridaHabitat Development: Site Report 
-

* CR—Contract Report ;TR—Technica l Report .

establishment on dredged material: marsh , terrestrial , factors which influenced habitat development at each
island, and aquatic habitats. The HDP of the DMRP site , will be published under Work Units 4AIOJ ,
has concentrated the most attention on marsh 4AllM , 4AI2C , 4A13K , 4AI4D , 4A17A , 4A18 , 4Al9 ,
development. Both completed and planned activities of 4B05M , and 4E02.* A complete list of DMRP research
the DM RP related to marsh creation are keyed to a flow activities related to marsh development is presented in
diagra m for the selection and design of wetland habitats Table 2 above.
(Figure 6).

The princi pal elements of the diagram have been DETERMINATION OF FEASIBILITY
italicized in the following discussion , and , where
appropriate , specific elements of research conducted by Habitat development [l],~~ one of several general
the HDP are identified . The basis of much of the dredged material disposal alternatives , presents a series
discussion is derived from detailed field verification of alternatives ranging from establishment of upland
stud ies complete or now in progress in Connecticut , terrestrial communities to the development of seagrass
Virgin ia (2 sites), Georgia , Florida (2 sites), Texas , meadows. Marsh habitat (2] is a generic term that , as
Californ ia, Oregon , and Washington. Summa ry reports
for these field sites containing a detailed analysis of the Refers to s imilarly numbered work units in Table 2.
engineering , environmental , social, and economic Refers to similarly numbered boxes in Figure 2.
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used herein , inc ludes a dive rsity of fresh and saline of transpor t distances will provide useful planning data .
nonwoody plant communities able to compete In many projects the pivotal determination of either
successfully on wet or periodically inundated soils , engineering feasibility or infeasibility can be made at

The initial consideration of marsh habitat this stage and , therefore , provi des a termination point or
development as a disposal alternative should include a general design for further analysis.
preliminary assessment of feasibility [3], which involves Evaluation of the cost of alternative disposal
a judgmenta l decision based on available data . A methods is the next essential step. Detailed economic
determination that marsh development is not initially analyses must await the further development of design
feasib le [4] should be based on compelling negative criteria; however , a general cost comparison of the
evidence and not merely lack of information or specific various alternatives should be possible at the
precedents. In the absence of such negative evidence , completion of the detailed evaluation of feasibility. This
proceed to the detailed evaluation offeasibility [5]. is another critical step because considera ble time and

From this point on , factors may arise at severa l effort can be spared by defining the economic limits that
stages in the evaluation that would lead to a the project must satisfy to remain competitive with other
determination of infeasibi lity. Should that occur , other alternatives.
disposal alternatives would be reconsidered. DM RP Of the sociopolitical considerations that impact the
publications CR D-75-2, “Guidelines for Material marsh development alternative , public attitudes and
Placement in Marsh Creation ” (4A08), and CR D-76-2, legal and institutional constraints are most likely to
“Identification of Relevant Criteria for Artificial prove limiting. Negative public attitudes generally occur
Habitat Creation ” (4A01), will prove especially useful in when the community views the proposed marsh as a
the following detailed evaluation. The “Feasibility threat to established values . Legal and institutional
Study for Dyke Marsh Demonstration Area , Potomac constraints frequently arise when there are unanswered
River , Virginia ” (4A 17 , TR D-76-6), provides a questions of ownership and access or when loca l
representative feasibility analysis of a potential marsh developmental interests have designated the site for an
development proje ct. alternative future use. Direct economic impacts may be

ident ified if the marsh is to be developed or may alter
DETAILED EVALUA TION important shelifishing or recreational areas.

The environmental impact of most marsh
The detailed evaluation of feasibility, box [5], development projects will be expressed in a loss of open-

includes six major categories , beginning with a water habitat and changes in benthic communities ar id
characterization of the dredged material and arranged hydrologic regimes. The impacts of these factors tend to
generally in the order of need for acquisition of be cumulative and are directly related to the perceived
information. In the first step, the physical and needfor additional marsh. In general , the need for more
engineering characteristics of the material to be dredged marsh is considered more critical in areas which have
should be determined. These variables will help lost or are losing considerable marsh habitat. In
establish general parameters for site selection. situations where shallows and marshes are in

Site selection should be based upon an adequate equilibrium , or where available open water is limited ,
knowledge of energy conditions, foundation marsh development may have a neutral or negative
characteristics, salinity, tidal influences, and bottom environmenta l impact. Pollutant mobilization by marsh
topography. A more detailed analysis of these factors plants growing on contaminated dredged material is the
will be necessary later for detailed design purposes if the subject of a major HDP research effort encompassing
marsh development alternative is selected , but even in Work Units 2A05, 4A 15 (Phase I published as TR D-76-
th is early phase, some field sampling may be necessary . 5), and portions of 4A04A. These reports contain or will

Engineering considerations at this stage are largely contain information on heavy meta l uptake by marsh
confined to preliminary designs and an assessment of plants , a methodology for pred icting heavy metal
equipment needs and availability. Details such as uptake from a specific dredged material , and an
scheduling to meet critical environmental dates (e.g., evaluation of the effects of Eh and pH on contaminant
spring or summer planting times) and the identification availability.
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SELECTION OF WETLAND TYPE Structural solutions will depend on the needs of a
specific site and may involve floating energy-dissipating

Upon completion of the evaluation of feasibility, a devices, buLkheads, cellular cofferdams, crib walls,

r determination can be made to advance to detailed gabioni, or d ikes. Figures 7-9 depict several techniques
planning or consider other alternatives. If marsh

~~~~~~~~~~ ~~~~~~~~ 
— T!.,. J ,. — . ._

~.......
-:development is she selected alterna tive[6], it is necessary . - -

~ .

to select the wetland type (7]. A rich diversity of wetland ‘~q~~ ‘s -

types exists, and these types are often defined by rather
subtle differences. Also, note that several nonmarsh
wetland alternatives merit consideration. In most w’- ~~ ,

‘ ,, -

development projects, simply because of the nature of

sit uations, the selection of a wetland type will be largely
predetermined by overriding environmental parameters f~~L”..,
such as tidal range and salinity. Most marsh ~~~~~‘~‘

.‘ .4•~-
.

material disposal and the formation of drainage
Figure 7. A portion of a 1000-rn dike used in marshpatterns , inherently will contain elements of shallow and development in the James River, Virginia. The dike,

deep marsh (fresh water) or high and low marsh (salt built from sandy dredged material , provides
wat er). containment for fine-textured dredged material and

protection for a freshwater marsh established at this
high-energy riverine site

EVALUA TION OF STRUCTURA L
REQUIREMENTS —

A careful evaluation of the need for structural
protection [8) andfor containing or confining structures
[9] is a critical element in the implementation of the 

~~
-‘

~

marsh development alternative. High hydrologic
energies (waves, currents) may prevent the formation of
a stable substrate and the establishment of vegetation.
Therefore, various forms of protective structures or
mechanisms are required if high energy conditions are
present. Correspondingly, less protection is required Figure 8. This 500-m sandbag dike provides protection
under conditions of lower hydrologic energy. for a salt marsh established on sandy dredged material

along the south shore of Galveston Bay, Texas. This site,
Another major consideration in the subject to very high wave energies, would no: support

protection/containment equation is the grain-size marsh without such a breakwater
distribution of the dredged material. Fine-grained
material generally requires containment . Containment
usually becomes less critical when coarser grained
material is placed.

Site energy and dredged material grain-size
distribution are closely interrelated in the determination
of the need for protection and containment.
Hyd raulically placed clay will almost always require
containment, regardless of wave or current conditions.
Silt under very low energy conditions may require no
containment or protection. Sand that would require

• containment under high energy situations may require FIgure 9. Dredged material was placed a4iacens to an
existing island so form an 80-hectare protected cove in

some protection under moderate wave energy. the Columbia River, Oregon. The quiet waters of the
Obviously a wide range and combination of conditio ns cove provide an ideal site for marsh habitat
exist. 
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used to solve the containment / protection problem. A 4A04A, 4A06, 4A20, and 4806 will present a detailed
state-of4he-art survey will be conducted in 1977 to evaluation of the relationships betwee n marsh substrate ,
provide current information on the design and cost of elevation , and productivity. A succession and
energy dissipating and containing structures applicable productivity model for salt marshes has been designed
to habitat development (4A07). under Work Unit 4A05. Final report s on th is research

will be available by spring of 1977. A synthesis report
REEVALUATION (4A22), incorporating the field site data, regarding the

productivity and succession on dredged material sites
At this point reevaluation of the concept of marsh will be prepared in 1978.

development is in order[ lO]. Designation of the wetland The shape and orientation of the new marsh will
type and determination of the need for containment and largely determine its total cost , its efficiency as a
protection will have been made and this information disposal site , and its effectiveness as a biological
should be input to the cost and engineering aspects of addition to the natural scene. The shape should
the detailed evaluation of feasibility (5). Before minimize impact on drainage or current patterns in the
proceed ing, site location must be finally determined and existing environs and , insofar as possible , present a
a detai led ana lysis of energy conditions , foundations , scene that appears naturaL and blends i,uo the
tidal influences , bottom topography, and availability of surrounding environment. If high-energy forces are
equipment and construction material (if necessary) anticipated , the marsh should be shap ed to ?:iinimize
should be completed. high-energy exposure. Such design will reduce the threat

of failure and reduce the cost involved with providing
DESIGN OF MARSH protection from hyd rologic energies. If available, afast

land border, such as a cove, island , or breakwater , can
Detailed design of the marsh habitat (11] is serve as low cost prote ction and minimize the length of

separated into three basic determinants: elevation, otherwise necessary and costly containing or protective
shape and orientation, and size. The design should structures. An effort should be made to take advantage
maintain the goals of disposal of dredged material of bottom topography during the design of the new
through the development of a desirable biological marsh. Disposal sites are often not uniform in depth ,
community, using the most cost-efficient method and and , if possible , protective struct ures should be located
causing a minimum of environmental per turbation. in shallow water and the fill area in deep water to

Final elevation of the marsh substrate is largely maximize the containment efficiency. If dikes are built
determined by consolidation and settlement and is the from Local material, it may be possible to deepen the
most critical of the operational considerations as it disposal area by locating borrow within the diked area.
dictates both the amount of material disposed and the The distance from the dredging site to the disposal site
biological productivity of the habitat established. A may be a critical economic or operational problem , and
methodology has been developed as part of Work Unit therefore the new marsh should be located as close as
4A 16 to predict the stable elevation of a given volume of possible to the dredging opera tion. in this regard ,
dredged material placed in a confined intertidal shapes that parallel the dredging area tend to minimize
situation. Salt marshes are most productive within the the transport distance.
upper half of the tidal range , and freshwater marshes The size of the disposal area will bea function of the
should generally be between 0.1 and 1.0 m deep. in situ volume of the material to be dredged and the
Variation in topography will produce habitat diversity volume of the disposal area. There are several filling
and should be encouraged, provided that the majority of options that might affect size, including one-time ,
the area ii within the desired intertidal elevations, if the incremental , and cellular filling. One-time filling implies
possibility of not being able to achieve a desired that a site will be filled and marsh established within a
elevation app ears likely, slight overfifling is preferable if discrete operation and that the area will not be used
it is operationally feasible to rework the surface to the again for disposal. In incremental filling it is recognized
desired elevation at a later date. HDP Work Units that the site will be used duri ng the course of more than
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one dredging operation or season and that the disposal PLANT PROPAGA TION
area will be considered full when a predetermined marsh
elevation is attained. In cellular filling a compartment of Propagation [13] of marsh plants can be attained
a prescribed disposal area is filled during each disposal by natural invasion or planting (see Figures 10 and II).
project. Both incremental and cellular filling offer the If the environmental requirements for a marsh
efficiency of establishi ng a large disposal site and community, including a source of propagu les, are
utilizing it over a period of years, thus avoiding present at a site , then natural ~invasion and
repetitive construction, design, and testing operations. establishment can be expected. In some cases natural
A major difference between these two methods is that invasion will vegetate a site within a few months , in
the cellular method provides a marsh substrate at the others many years may be required for natural
end of each season, whereas many years may be required establishment. The process of marsh establishment may
before incrementa l filling attains this goal. Both cellula r be accelerated in many instances by seeding or
and incremental filling benefit from an efficiency of size, sprigging. The advantage of propagation by natural
That is, for most disposal area configurations , an invasion is low cost , and this may be a pivotal
increase in the length of the dike provides consideration in borderline projects. The advantages in
propor tionaUy more disposal area. Cellular or sprigging or seeding are more rapid surface stabilization
incremental disposal sites would generally be larger than and an immediate vegetation. Marsh propagation is the
one-time disposal sites, and this increase in size may subject of a variety of HDP studies, and an integral
offer a more cost-effective disposal site. .., .

The engineering considerations and cost ~~~~~~ . ~~~~~~~~~~ , ‘1 
-

effectiveness of habitat development on dredged
materia l will be the subject of a synthesis report (4A23).
This report , now scheduled for early 1978, will contain
an evaluation of all available information on marsh
development , using field site verification as its technical
base. 

.
.

__
; I

MARSH CONSTR UCTION

Having completed the detailed design, construction Figure 10. Natural vegetation occurred within a few
[12] can proceed . Contracting procedures in marsh months after dredged material disposal at this
development may prove difficult because , in most fresh water marsh site in the James River, i ’irginia
instances, the contractors will have had no previous
experience in this type of disposal operation. Pre-bid
conferences to explain the intricacies of the project and
carefully detailed contract specifications are strongly
advised. The dredging schedule can prove to be
part icularly important. In order to obtain maximum
vegetative cover within the first year, it is necessary to
have the dredged material in place , with a relatively
stable surface elevation , by the beginning of the growing
season. Delays will affect the initial success of the
project and may result in replanting costs , adverse
public reaction, and unwanted erosion at the site.
Careful inspection of the disposal operation is essential
as the attainment of the prescribed elevation is critical, Figure I ! .  Although this intert idal disposal size in the

Columbia River, Oregon would have eventuallyan aspect that may not be appreciated by the dred ging revegezazed naturally, the process was advanced many
crew . years by sprigging
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portion of all of the field sites. An available report,
“State-of-the-Art Survey and Evaluation of Marsh

This bull etin is published in accordance with AR 310-2. Ii
Plant Establishment Techniques” (4A03, CR D44.9) been prepared and distributed as one of the information
contains an excellent summary of marsh propagation dissc minal ion functions of the Environmcnial Effects

Laboratory of the Waterways Experiment Station. It is
information up to 1974. Updated information will be principally intended to be a forum whereby information
provided by a recently completed study entitled pertaining to and resulting from the Corps of Enginccrs~

nationwide Dredged Material Research Prog ram(DMRP~ can
“Establishment of Marsh Grasses on Dredged Material” be rapidly and widely disseminated to Corps Distric t and

(4H06) and a synthesis report (4A24) on marsh plant Division offices as well as other Federal agencies. Slate agencies.
univers ities, research institute s, corporat ions, and individuals.

establishment that will be completed in 1978. Contributions of notes. news, reviews, or any other types of
informa t ion are solicited from all sources and will b~ considered
for pub lication as long as they are relevant to the theme of the

MARSH MAINTENANCE DMRP, i.e.. to prov ide—throug h research — def initiv e
information on the environmental impact of dredging and
dredged material disposal operations and to develop techniially

Dredged material marshes should be designed ~o be satisfactory, environmentally compatible, and economically
feas ible dredg ing and disposal alternatives, includ ing

relatively maintenance [141 free. The degree of consideration of dredged material as a manageable resource.

maintenance will largely depend on the energy This bulletin will be issucd on an irregular basis as dictated by the
quant ity and importance of info rmation to be disseminated.

conditions of an area, and this is a factor that should be Communications are welcomed and should be addressed to thc
Environmen tal Effects Laboratory. ATTN: R. T. Saucier. ti _ s .included in the cost analysis of the project. No Army Engineer Wate rways Experiment Station. P. O. Box 631.

maintenance may be requited to protect the new marsh V icksburg. Miss. 39180, or call AC 601. 636-3111. FIll. 3233.

in Low-energy situations. In areas of somewhat higher
energy conditions, protection may be required only until
the marsh has had a chance to mature; in those areas,
protective structures may be designed for a relatively
short life, with no additional maintenance required. In

Colone l. Corps of Engineershigh-energy situations, perpetuation of the marsh may Commander and Director
require planned periodic maintenance of protective _____________________________________
structures.
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