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1. The technical report transmitted herewith represents the results of
Work Unit 4A07A regarding design concepts for in-water containment
structures for dredged material to be used in habitat development. This
work unit was conducted as part of Task 4A (Marsh Development) of the
Corps of Engineers' Dredged Material Research Program (DMRP). Task 4A
was part of the Habitat Development Project of the DMRP and was con-
cerned with the development, testing, and evaluation of the environ-
mental, economic, and engineering feasibility of using dredged material
as a substrate for marsh development.

2. The report on this work unit was intended to provide planning and
design concepts for in-water containment structures for use in the
development of marsh habitats. Various types of structures are re-
viewed, discussed, and, where applicable, presented in detail. Site,
structural, and construction considerations are also discussed.

3. This report provides a synthesis of the state-of-the-art in in-water
containment structures. Additional supportive and pertinent information
is available in the summary reports of habitat development field sites
at Windmill Point, Virginia (4All); Buttermilk Sound, Georgia (4A12);
Bolivar Peninsula, Texas (4A13); Pond No. 3, California (4A18); Miller
Sands, Oregon (4B05); and Rennie Island, Washington (4Al4). The
feasibility and detailed design studies for Dyke Marsh, Virginia (4Al7,
4A17A) are also of interest. Together these research products provide
the Corps with a comprehensive basis for the selection and design of
marsh development projects.
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CONVERSI ON FACTCRS, U.S. CUSTOMARY TO METRIC (SI)
UNI' TS OF MEASUREMENT

U S. customary units of neasurenent used in this report can be converted
to netric (ST) units as follows:

Multiply by To obtain
nches 25.4 mllimeters T
2.54 centinmeters
square inches 6. 452 square centineters
cubic inches 16. 39 cubic centineters
f eet 30. 48 centimeters
0. 3048 neters
square feet 0. 0929 square neters
cubic feet 0.0283 cubic meters
yar ds 0.9144 neters
square yards 0. 836 square neters
cubic vyards 0. 7646 cubic meters
mles 1.6093 kilometers
square mles 259. 0 hect ares
knot s 1. 8532 kil oneters per hour
acres 0. 4047 hect ares
f oot - pounds 1. 3558 newt on neters
mllibars 1.0197 x 1073 kil ograns per square centineter
ounces 28. 35 grams
pounds 453.6 granms
0.4536 kil ograms
ton, long 1. 0160 netric tons
ton, short 0.9072 netric tons
degrees (angle) 0.1745 radi ans
Fahrenheit  degrees 5/9 Cel sius degrees or Kelvins!

175 obt éli n Celsius (C _E—emperature readings from Fahrenheit (F) readings,
use formula: ¢ = (5/9) (F -32).

To obtain Kelvin (K) readings, use formula: X = (5/9) (F -32) + 273.15.




DESI GN CONCEPTS FOR | N- WATER CONTAI NVENT
STRUCTURES FOR MARSH HABI TAT DEVELOPNMENT

PART |: | NTRODUCTI ON

Backgr ound

1. O the many factors to be eval uated when dredging is proposed,
the nmethod and | ocation of the disposal operation is certainly one of the
most difficult to resolve. Dredged naterial disposal sites may be readily
classified as upland or in-water with the latter type of nmjor national
concern in recent years. In the past, in-water disposal was frequently
utilized and generally neant open-water placement of dredged material
with no confinement. The dredged material then shifted about in response
to the site's wave and current pattern until it reached a stable profile.

2. Aternative nmethods of in-water disposal, now being frequently
used, are land reclamation along the shore, island creation, and marsh
habitat development. In an environnmental |y bal anced dredgi ng program all
three methods may be enployed at a single site. The three nethods have
one characteristic in commpon; a land-water interface which nmust be kept
stable in order to nmmintain the integrity of the disposal site. Dependi ng
on'the characteristics of the material and the local wave and current con-
ditions, some means of protection or retention of the dredged nateri al
my be required. A containnent structure as defined in this report is

intended to acconplish both of these tasks.

Pur pose

3. Planning and design concepts for in-water containnment struc-
tures for use in the devel opnent of marsh habitats are presented in this
report. The various types of structures that have potential for use in
marsh habitats are reviewed and illustrated in Appendix B; a data sheet
on each is included in the Appendix. The data sheets provide general



gui delines to the design and use of the structures, and references to
specific sources of design data and guidance

4, Current methods and materials have been reviewed, using readily
avai |l abl e publications, to determne which would be applicable to nmarsh
habitat use. This is a survey study to catal og available types of struc-
tures, and it includes no new research. However, where data and results
were available, this study attenpts to reflect experience to date with a
given structure. Structures which are currently being used in narsh

devel opment are listed in Part I11I.



PART I1: DEVELOPMENT OF DESIGN CONCEPTS

Site Selection

5. Selection of a dredged material disposal site is often pre-
determined by factors over which the planner has little or no control
Factors such as l|and-use zoning, ownership, distance fromthe dredging
site and environnental inmpact will often limt the available sites.

Wthin the bounds of these factors, the planner nust optinze the dis-
posal area by proper selection of areal size, shape, and orientation
The planner nust al so consider the offshore water depth, the placenent
method, and the type of containment structure required

6. Since waves and currents are major factors in the stability
of dredged material, the areal extent and orientation of the disposal site
must be examined fromthe standpoint of fetch length in the direction of
predominant winds or swell, and alignment with respect to river, estuary
or littoral currents. Locating the site in the area of |owest water
energy will also have benefits such as ease of disposal operations, |ess
turbidity during disposal, |ower sedinent |osses, and possible reduction
or elinmnation of any need for a retaining or protective structure.

7. As in all maintenance or new construction dredgi ng, unobstruc-
ted navigation channels are of prime inportance. Close proximty of the
di sposal site to the channel being dredged is beneficial for punping or
haul distances. However, the possibility of a slope failure, which could
rel ease large quantities of dredged slurry back into a channel, nust also
be evaluated during site selection. In this regard both the height of the
di ke and the depth of the adjacent dredged channel, as well as the engi-
neering properties of the fill and foundation material, should be con-
sidered in analyzing the slope stability.

8., Wiile other reports in the Dredged Material Research Program
(DMRP) series discuss site selection in detail (Johnson and McGuinness!),
it is inportant here to stress that the need for a costly contai nnent
structure at any proposed disposal site is a major factor that must be
known before final site selection.



St ruct ur al Consi der ati ons

9. The design for any containnment structure is intertwined with
the planning process for the entire dredging project. Each site should
be evaluated to deternmine the need for a structure to retain or protect
the dredged material. Because of the nutual dependence, as outlined
bel ow, the structural selection and design process should be iterative
with total project planning. Since any structural design is site criti-
cal, adequate engineering data on each site under consideration are re-
quired for prelimnary structural selection and design. However, due to
the cost of a conplete study of waves and currents, and foundation soil
properties at a site, limted data are generally collected at several of
the representative proposed sites. Fromthese data the prelininary
structural design and costing is conpleted and used for final site selec-
tion. Following site selection a nore thorough engineering data collec-
tion effort at the site is required for detailed design.

Site data

10. The following data are required for detailed design at the

selected site:

a.  Dredged material to be deposited: size gradation, consoli-
dation characteristics, and total expected volune. These
data are used in establishing stable dike slopes, expected
structural settlenent, and the required volunmetric geo-
metry of the disposal site required to hold the design
fill,

b. Disposal site's in situ soils: shear strength, consoli-
dation characteristics, and erodibility. Fromthis test
data di ke stability can be eval uated agai nst slope failure,
dike settlement, and toe erosion. A discussion of soil
i nvestigations for containment dikes is included in Hammer
and Bl ackburn?

c. Hydraulic conditions at the site: including historical
data on wind and ship waves, water surface elevation (tide,
surge height, flood stage) and river or estuary currents.
These data are required to estimte wave runup, dike
height, erosion potential, and construction difficulties.

d. Site ecosystem including species present, bottom conmu-

nity locations, mgration patterns, and expected inpact of
structure. The pl anner and desi gner should work with the
ecologist to mininize adverse inpact.



Hei ght of structure

11. After establishing the need for a structure at a proposed site,
the design height, width and length of the structure can be established
based on the volume of material to be confined, the local water depth, and
the design wave climate. The distance fromthe dredge is a factor in
determining the optinum height to which naterial can be readily punped.
The final height selected nay elimnate sonme structure types listed in
Appendix B from further consideration.

Material  placement

12. The method of placing the dredged material must be planned to
efficiently utilize the area available, to adequately control the |oss of
fines, and to minimze earth pressures acting on the contai nment struc-
ture. Johnson and McGuinness! present detailed information on material
pl acenent;  however, a brief discussion of how placenent nethods inpact
on containment structures is appropriate here

13. Proper placenent of dredged material presupposes a know edge
of the engineering properties of the material being dredged, as listed
in paragraph 10.a above. The coarser grained dredged materials nmay be
utilized as dike material or placed behind the containment structure as
appropri ate. The soft cohesive soils are generally deposited away from
these structures. This selective placenent of dredged material inproves
the stability of the containnent structure.

14, When dredged material containing both coarse-grained sands,
cohesive clays, and silts is to be punped into a contained marsh site,
careful placerment of the discharge pipe and grading of the site can sig-
nificantly inprove the quality of material deposited behind the contain-
ment structure. The dredged naterial is discharged through trap pipelines
laid along the crest of the containment structure, and runoff forns a
graded deposit of coarse material near the discharge and progressively
finer material toward the center of the site as suspended fines are
carried toward the discharge weir. Further discussion of this technique
can be found in Turnbull and Mansur's3 review of several hydraulically
placed fills.



Earth forces on containment structures

15. In the design of containnent structures the designer nust con-
sider all the water and earth pressure forces acting on the structure as
wel | as any surcharge that is anticipated during construction or in later
use. The earth pressure is tinme-varying as the dredged material consoli-
dat es. The worst condition, which should be considered in the design
calculations, occurs during or inmediately following the filling of the
di sposal site and is frequently termed "end-of-construction" case. As
the retaining structure is being built, equal hydrostatic pressure acts
on both sides of the structure. However, after placement of the dredged
material has begun, an unbal anced force is exerted against the inside of
the structure. This force is a nmaxi numwhen hydraulic filling has raised

the contained material to the naxi num design el evation, and the surround-

ing water level is at its lowest, i.e., lowtide, a lowriver stage, or
bot h.

16. The active earth pressure forces on a structure caused by
dredge fill on one side vary not only tenporally, as cited above, but
spatially with factors such as duration of fill, rate of filling, stop-
pages in filling, location and direction of pipeline discharge, and vari a-

tions in grain size of the dredged material behind the structure. Wile
it is desirable to place the best quality material available directly
behind the structure, this is frequently not achieved in the field.
Therefore, reasonable values of active earth | oads, based on field con-
struction results, nust be wused in design calculations.

17. In designing of marsh habitats the new substrate will be gen-
erally composed of soft cohesive clays and silts which remain in a slurry-
like state with zero strength for a significant period after placenment.
They exert a fluid pressure distribution on the containment structure
until it begins to consolidate and develop shear strength.

Wave forces on structures

18.  Wnd-wave characteristics such as height, period, direction
and the probability of occurrence of these can be found using locally
collected data and hindcasting nethods described in Chapter 3 of the
Shore Protection Manual (SPM (U S. Arny, Corps of Engineers, Coasta
Engi neering Research Center'). Wth these design wave val ues the

10



wave-structure interaction can be predicted using nmethods given in Chap-
ter 7 of the SPM¥ Wiere wi nd waves appear to be a mmjor consideration
early recognition may permt relocation of the disposal area to reduce
the open-water fetch in predom nant wind direction, thus linmting the
maxi num Wi nd-generated wave. In shallow back bays and estuaries water
depth will frequently linit the growh of wnd waves.

19, Because of the erosive effects of waves on soft dredged sub-
strate, wave runup and overtopping of a containment structure can be a
maj or problem WAve runup i s dependent on several interrelated factors,
each of which nust be considered in establishing the safe height of the
structure to prevent overtopping. The slope of the wave-exposed face of
the structure, the bottom slope and depth of water in front of the struc-
ture, the surface roughness of this structure, and the incident wave
characteristics must all be considered in evaluating runup. Structure
hei ghts shoul d be established to prevent overtopping of the design wave.
Tabl es and graphs for the prediction of runup are found in Chapter T of
the SPM¢

20.  Shi p-generated waves mgy al so be a mmjor cause of erosion
along the edges of narshes. Sorensen® describes the generation of ship
waves and gives a table of selected ship-generated wave heights. |If
there is a ship channel adjacent to the proposed marsh site, a few days
of wave neasurenent properly timed to ship traffic at the dike site wll
suffice for establishing a design value.

Erosion, scour, and deflation

21.  Erosion, scour, and deflation all involve the renoval of soi
particles by natural mechanical action, and in this report are defined as
follows: erosion and scour--renmoval of soil particles by water action,
above and bel ow normal water surfaces, respectively; deflation--renoval
of soil particles by wind action.

22. Deflation will probably not be a nejor problemin marsh crea-
tion since the fine sedinents nost subject to removal by wind will be sub-
nmerged or at least wet. However, dry cohesionless material on dikes or
other areas above nornal wetted el evations nay be nmoved by high winds.

Vegetation provides a sinple solution to wind erosion (Wodhouse, Seneca,
and Broone').

11



23. Erosion and scour can cause structural failure and nust be
guarded against by properly designed nmeasures. The erosive ability of
wat er waves and currents at a potential disposal site nmust be considered
in the selection and design of a retaining structure and its foundation.
Usi ng available enpirical rules of sedinment transport, a range of "pickup"
velocities can be devel oped which will indicate if erosion or scour is to
be a problem  The SPM* provides tables and charts of sedinent notion
initiation velocities, and discusses their use.

24.  The turbul ence of wave-induced water notion at the toe of a
structure will generally cause sand notion at velocities less than 1 fps.
Bottom velocities vary with the ever-changi ng wave and water conditions
and a conbi nati on which produces a bottomvelocity of about 0.5 fps is
sufficient to cause entrainnent of nedium beach sands. Detailed anal yses
of tidal and littoral currents, wave height prediction, and other coasta
probl ens are presented in the spMm¥

25. An inportant consideration in determning water velocity nust
be the effect the fill placenent will have on altering the flow reginen
of the waterway. When the fill decreases the cross-sectional area of a
channel there will be resulting increases in flow velocities and/or water
surface elevations. These should be estimted and used to evaluate the
erosion potential (see Rouse’ and Vanoni®). Scour potential of the exist-
i ng channel banks shoul d al so be exanined if significant velocity in-
creases are predicted. Additional information on open channel flow can
be found in Chow? and EM-1110-2-160110

26. FErosion can be mininmized by proper |ocation and orientation

of the structure. Locating the disposal site in a | owenergy environment

is the optimal solution. Flattening the outer slopes of the fill or dike
will reduce turbulence and scour. Streamining the upstreamface of the
fill wll also lessen erosion. Protection of inner and outer surfaces by

the use of filter cloth and revetnent or antiscour blankets of rubble nmay
be required in higher energy situations. Protection created by break-
waters or floating wave attenuating devices is also possible, but due to
high cost may not be economically feasible. Detailed discussions on site
location, shape, and erosion control are found in Johnson and McGuinness!

and Hammer snd Bl ackburn?

12



Foundati on stability

27. The failure of an in-water containment dike is usually the
result of an overstressing of foundation naterials, rather than the struc-
ture materials. This is because the soft plastic and organic clays and
silts nmost frequently found in the types of bottom areas associated with
marsh habitats are unconsolidated and have very little shear strength.
When the foundation soil is honbgenous this failure will usually be rota-
tional in character (Figure la), while a stratified soil with a weak |ayer
will lead to a translating failure, with the failure plane passing through
the weak layer (Figure Ib). A conplete description of the dike stability
as it applies to a dredge confinenent structure is contained in Hammer and
Bl ackbur n?

28. The stability of a retaining wall, i.e., a cantilevered gheet-
pile wall as shown in Figure Ic, is also principally a function of the
in situ soil. Since the shear failure surface will typically pass bel ow
the pile tip, driving the piles to a firmer bearing will increase the
stability to the wall.

29. Wien an earth dike or other retaining structure is used a
slope stability analysis nust be perforned to ensure an adequate safety
factor against the typical failure nodes illustrated in Figure 1.

Det ai | ed di scussions of slope stability are found in Lambe and Wit nan
Stability chart solutions which give good accuracy for many conditions

are presented in Duncan and Buchignanil2 G aphi cal solutions of the
Modi fi ed Swedish Method and the Wedge Method are given in EM 1110-2-190213
The Waterways Experiment Station (WES) has conputer-aided solutions for
each of these latter two methods (Cheek!“s15). Refinement in the nethod
of analysis should not be at a higher level than the accuracy the soi
strength data warrants

Foundation settlenent

30. The evaluation of the soil's bearing capacity, the stress dis-
tribution caused by the structure and the expected settlenment of the struc-
ture are essential information for the designer. Information on methods
to evaluate the above is covered in nost texts on soil nechanics and
foundations; e.g., Terzaghi and Peck!® Various influence diagrans and
stress distribution curves have been developed to aid the engineer in his

13
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Figure 1. Exanples of typical slope failures (after Hanmer and Blackburn?).
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cal cul ations. Use of the- Boussinesg analysis for infinitely long founda-
tions is a common procedure for determ ning stresses at varying depths
under footings, walls, and enbanknents. Hammer and Blackburn? present
exanple problems for the enmbanknent case. Sowers and Sowers!” give a
Boussi nesg chart for other foundation configurations as well as charts
for the Terzaghi-Myerhof general bearing capacity equation

Seepage forces and piping

31. Seepage is the flow of water through a saturated soil nass
caused by unequal heads between two boundary surfaces. The water follows
a "flow line" as illustrated in Figure 2. The amount of water which flows
inthis matter depends on the head differential and perneability of the
soil through which the flow occurs. The seepage "force" is the head
differential mnus the frictional head lost during flow  Since the head
differential will be set by the design conditions for the narsh, only the
perneability remains a variable factor which the designer nmay control.

32. In upland areas, dikes can be constructed of clays, which when
properly placed and conpacted will be very inperneable. In-water dikes
will normally need to be constructed from coarser grained materials since
clays cannot be conpacted in place underwater. Sand dikes typically have
a high perneability and may require seepage protection, i.e., graded
gravel filters or filter cloth to avoid erosion of the dike. | f water-
flowis sufficient to renove the sand at a point on the downstream bound-
ary surface, head |oss is gradually decreased and erosion retrogresses
through the enbanknent |ike an ever-enlarging pipe, hence the term
" piping."

33. Uplift will occur under these sane situations when the flow
ines exist under some structural conponent as shown in Figure 2a, where
the toe protection is subjected to uplift pressures. |If the quantity of
flowis sufficient such that there is zero effective stress between the
sand particles, a quick condition will exist. [If the sand at the base
of a structure -beconmes "quick," both lateral and vertical strengths are
lost and major failure can result.

Control of seepage and uplift

34, In damconstruction seepage is controlled by careful construc-

tion of an inpernmeable core and usually a grout curtain extendi ng downward
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a. Seepage under a bulkhead

Surface of dredged fill

Filter protection from piping losses
in this region

Flow lines

b. Seepage through an embankment

Figure 2. Seepage flow paths

below the dam A properly designed drai nage bl anket and horizontal drain
of graded stone will direct the inevitable seepage to a controlled outlet.
Di kes or other structures used for retaining dredged material for marsh
devel opment are not so el aborately constructed, because the hydraulic

head differential rarely exceeds 10 ft. Seepage control normally consists
of increasing the length or the resistance of a flow |line and sizing nate-
rial at the seepage discharge point to resist piping. Common seepage
control nethods include the use of an inperneabl e nenbrane, usually
plastic, on the inner dike surface or by use of filter cloth on the outer
surface under a protective layer of riprap or other revetment material.

The former method will greatly reduce seepage, the latter will prevent
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piping, the loss of dike soils due to seepage outflow.  Filter cloth on
the inner side of fabric bag walls and simlar structures will also pre-
vent sedinent loss through any snmall openings. I ncreasing the length of
flow lines by wdening the dike crest, flattening outer dike slopes,
driving sheet piling deeper, or by constructing toe berns will reduce
both the quantity and velocity of seepage. Uplift under relatively im
pervious |ayers or structures is countered the easiest by increasing the
overburden weight. For safe design seepage exit gradients and net uplift
forces used in design should be 50% greater than cal cul ated (Hanmmer and
Blackburn?). Conplete discussions on seepage, flow net analysis, and
control can be found in EM-1110-2-190118 Taylorl® and Wnterkorn and Fang??

Construction Consi der ati ons

Locati on

35. The actual location of a dredge disposal site is generally
established by factors previously discussed. However, the planner shoul d
not forget that characteristics of the final site selected will be reflec-
ted in the construction bids. Anpng the |ocation factors which influence
costs are:  equi pnent accessibility, wave and current conditions, tidal
range, water depth, bottom conditions, and distance from dredge site.
Envi r onnent al constraints

36. Environmental constraints which limt the adverse inpact on
existing vegetation and wldlife, including bottomdwelling organisns,
and water turbidity may linmt nobilization and storage space, restrict
site access, prohibit or restrict use of earth dikes, and set detention
times for dredge discharge slurry in containment area. Turhidity, be-
cause of its visibility, is a major problemof npbst dredging projects
where hydraulically placed dikes are used.

37. (Once turbidity linits are set, several construction variables
must be considered. Assumi ng nechanical separators or chem cal floccu-
lants are not used, water clarity will depend on sedinent particle size,
water turbulence, and settling time. Coarse sand with no fine nmaterial
can be placed in relatively turbulent water and it will quickly settle

without the need for any turbidity control neasures. On the other hand,
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fine-grained sediment will nearly always require some type of retaining
structure to ensure that the sedinent stays in the designated disposa
area. Settling tine for fine-grained sedinment nust be carefully deter-
mned and will vary with dredge discharge volunme, water depth inside the
disposal area, wi nd-generated water circulation in the disposal area, and
the distance to outlet structures. The planner nust choose some optinum
construction sequence consistent with the nost critical controllable fac-
tors for any given disposal site. For exanple, additional storage capa-
city for the slurry may be obtained by constructing the di kes higher
during the original construction or by raising themafter sone fill has
been placed. Raising the dike elevation can be done by using a cl anmshel
or dragline to renove deposited material and place it on the dike or by
using a temporary nethod |like sandbags. The total storage capacity mnust
allow sufficient dredged material to be retained to produce the required
fill elevation. Elevation control as a construction consideration is

di scussed bel ow.

38. Wen other types of retaining structures are used, a sinmlar
construction sequence is followed. Stability requires that the best
avail able material be placed directly behind retaining structure, but
preferably not in one lift. Staged |oading of the retaining structure
permits the first-placed naterial to dewater and devel op shear strength.
This reduces the total one-tine peakload which the structure nust sus-
tain.

39, Settling time may be controlled by changing the rate at which
the dredged material is placed inside the confinement area. The design
di sposal rate will have an inportant economic inpact on the project since
it is a factor in determning the maxi mum si ze of dredge plant which can
be utilized effectively. A large dredge plant may be required to operate
intermttently or at a reduced rate.

Elevation contro

40. Devel opment of a viable marsh habitat requires that the fina
elevation of the dredge substrate be carefully established in the field.
The first step is to select a design elevation for the top of the contain-
ment structure. As shown in Figure 3 the first step in the selection is

establishing the desired el evation of the proposed marsh (a), after
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Maximum dike height (d )
= Moximum slurry level ()
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-

//\
Bottom after settlement

Figure 3. Definition of elevations

foundation and fill have consolidated. Add the anticipated foundation
and fill consolidation to obtain the nmaxinumfill level (b) after dis-
posal has been conpleted. The maxi mum slurry level (c) must be suffi-
cient to provide adequate ponding for retention of suspended solids in
the | ow density (= 15%solids by weight) slurry to attain a final eleva-
tion at level (b). Level (d)is the theoretical maxi num height of struc-
ture required for retention of dredged material. This includes additional
freeboard that may be required to prevent overtopping. Wnd waves may
even cause overtopping from inside when water levels are high. This can
result in turbidity and erosion of outer slopes of sand or earth dikes.
Heights of tides, storm surge, waves, and runup nust be calculated to
determine the required protective height of the structure. The highest
elevation of either the retaining height or the protective height wll
establish the design height.

41, Gavity structures including sand, earth, or stone dikes,
cof f er dans, cribwalls, and similar structures which attain stability
through their nass, may settle into the foundation material. In addition,
sand or earth dikes will consolidate with a resulting decrease in crest
elevation. Therefore, for gravity structures, this supplementary consoli -
dation and settlenment nmust be determi ned before establishing the final
crest elevation.
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42. The conpressibility of soil layers and the general consolida-
tion theory are well established in geotechnical engineering (Terzagh
and Peck!®). The consolidation of dredged materials and in situ founda-

tion soils was investigated in Johnson and McGuinness! Table 1 is a guide
to the relative conpressibility of various soil types.

Table 1
Prelimnary Cassification of Soil Conpressibility

For Subsoil at
Conpressibility For Dredged Material the Disposal Site

Low ®A11 gravel ®A11 gravel

®A11 sand with less than ®A11 sand
30 percent fines

®A11 inorganic silt and ®A11 inorganic silt and clay
clay of liquid limt less of liquid Ilimt |ess than 50
than 50 and excavated in
large clunps by a nechan-

ical dredge
®A11 other material except
peat if known to have been
precompressed under a |oad
greater than contenpl ated by
the proposed fill
Hi gh All other mterial, i.e.:

*Sand with nore than 30
percent fines

®A11 inorganic silt and
clay of liquid limt less
than 50 excavated by
hydraulic dredge

®A11 inorganic silt and ®511 nonpreconpressed in-
clay of liquid linmt organic silt and clay of
greater than 50, regard- liquid limt higher than 50
less of nmeans of excava-

tion

®A11 organic silt and ®A11 nonpreconpressed

clay organic silt and clay

@Peat * Peat

(From Johnson and McGuinness!)
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PART I'11:  STRUCTURE  SELECTION

Eval uati on of Need

43. The first step in the selection of a containnment structure is
to validate the requirement for a structure. To establish the require-
ment an initial engineering analysis of each potential dredge materi al
disposal site nust be conpleted. This early analysis in the planning
process, before site selection, is necessary since the cost of any re-
qui red contai nment structure may severely inpact the economic feasibility
of a proposed site. A containnent structure at a specific site is justi-
fied by the need for protection and/or retention of dredged material.

4L, Dredge disposal sites may require perinmeter protection from
currents, ocean waves, or ship waves. Structures required for such pur-
poses are termed protective. Particular concern should be given to the
effects of the proposed structure on current or wave patterns. Structures
positioned so as to constrict the waterflow will increase local current
velocities and thus tend to increase erosion. Such an event may create
a new requirement for sone revetment protection. Location of protective
structures which reflect wave energy nay also create new or intensified
erosi on zones.

45, A second principal use of a structure around a dredged materi al
di sposal area is to retain the dredged substrate until it consolidates and
to control the migration of suspended fines fromthe dredged discharge.
Such control is particularly necessary when the disposal area is near a
shi p channel or harbor and there is danger of suspended fines recirculat-
ing back into the dredged area. A retaining structure may al so be re-
quired to prevent fines from causing environnental danage to adjacent
waters, marshes, or the fauna in these areas.

4. Site hydraulics and the grain-size distribution of the dredged
substrate are closely interrelated in the deternmination of the need for
protection and retention. Large quantities of fines are suspended when
clays are hydraulically placed, and if the discharge is not properly con-
tained a "dredgetail" of suspended fines will be carried far beyond the

dredge disposal area. Consolidated clays are normally nmore resistant to
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erosion and for many applications will require limted diking only during
establishment of narsh vegetation

Structures in Use

47. To date very few structures have been built specifically to
retain or protect dredged material for purposes of marsh creation, A
list of the known projects, their location, and structural type used is
given in Table 2. Thus far, the predom nant structures used for marsh
establ i shnent have been sand dikes. Two DMRP projects are discussed
bel ow as exanples of a sand dike (Wndm |l Point, Virginia) and a fabric
bag dike (Bolivar Peninsula, Texas) containment structure.

Wndm || Point marsh devel opnent site

L8, The Wndnill Point project is a good exanple of many site con-
ditions typical of dredging projects the Corps of Engineers undertakes.
The James River navigation channel, in the vicinity of Wndm |l Point,
has been maintained at a 25-ft depth since 1931. In that time it has
required repeated mai ntenance dredgi ng, averaging every 1.8 years, with
the dredged material being punped overboard 1000 ft off the centerline of
the channel (Whitehurst?!)., The marsh habitat, |ocated just 1000 ft off
the channel axis, appears to be situated on an old dredge spoil bank

49. Foundation conditions at the site studied by Cheng?? were
found to be generally poor. A very soft clayey silt |ayer, about 30 ft
thick overlays a | oose gray fine sand which extends to bel ow the boring
limt (Cheng??). The natural water content of all sanples tested signifi-
cantly exceeded the liquid limts. Such poor foundation conditions ruled
out the use of any concentrated | oad containnent structure and a flat-
sloped sand dike was selected as nost appropriate for the site.

50. Because the Wndnmill Point project was associated with the
regul ar maintenance dredging of the James River, its construction timng
was related to the dredging schedule. This too was a mgjor consideration
in the selection of a hydraulically placed sand dike, since it utilized
the dredge already available and elimnated any delays for construction
material s. The necessity for rapid planning of the dike to fit dredging
schedules led to its being designed even before the tests on boring
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Table 2

Structures Planned or Constructed for Use
in the Developnent of Mrsh Habitat Sites

Location Structure

Wndm || Point Mrsh Developnment Site, James River, Sand dike
Virginia (DVRP Work Unit No. bLA1l).

M|l er Sands Marsh and Upl and Habitat Devel opnent Site, Sand di ke
Colunbia River, Washington (DVRP Work Unit L4BOS5),

Apal achi col a Bay Marsh Denonstration Area, Apal achicola Sand di ke
Bay, Florida (DVRP Work Unit L4A19).

Pond Nunber Three Denonstration Area, San Francisco Bay, Sand di ke
California (DVRP Work Unit L4a18).

Butterm | k Sound Marsh Devel opment Site, Georgia None
I ntercoastal Waterway, Georgia (DVRP Work Unit Lal2).
Dyke Marsh Denonstration Area, Potomac River, Virginia Sand dike
(DMRP Work Unit La1lT). (proposed)
Branford Harbor Marsh Devel opnent Site, Branford, Tinmber pile
Connecticut (DMRP Work Unit Lp10). and | aggi ng
(proposed)
Bol i var Peni nsul a Marshl and Upl and Habitat Devel opnent Sandbag
Site, Galveston Bay, Texas (DVRP Wrk Unit LA13). br eakwat er
Rennie Island Habitat Developnent Site, Gays Harbor, Several types
Washi ngton (DMRP Work Unit Lallk), (proposed)
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sanpl es were conpleted., The construction plans were for a sand bermwith
1 on 15 slopes and a crest elevation of +4.5 ft above Corps of Engineers
datum which is 1.5 ft bel ow Sea Level Datum of 1929 (Whitehurst?!). The
di ke's crest elevation was established based on an estimated 1.6 ft of
settlement due to consolidation of the soft in situ substrate. The sl opes
were then dressed by a dragline to their final design configuration

Figure 4, showing the typical cross section, is adapted fromthe founda-
tion analysis report (Cheng22).

51. Investigation of the project dredging site did not reveal any
sand suitable for dike construction; therefore, a nearby borrow source of
fine to medium sand was located in the river off Buckler's Point. O 15
Decenber 1974, the dredgi ng was begun and the sand was pl aced al ong
the centerline of the north dike. The dike construction began, accord-
ing to plan, fromthe northern tip of the existing dredged materi al
island and proceeded counterclockwise around the dike (see Figure 5).
However, as the dredge pipeline got progressively |longer, dredge produc-
tion decreased narkedly and led to a decision to break off the continuous
di ke at point A (Figure 5), and start the western dike on 4 January 1975.
The gap was filled on 15 January without prior mucking out of the soft
mud waves which would normal |y be expected to be present at this section
On 20 January a dike failure was apparent at this sane site, which was
repaired by the addition of more sand to return the dike crest to design
el evation (Whitehurst2l).

52. Periodic inspections reveal that the di ke has been essentially
stable (Figure 6) with sone migration of its upstreamend into the marsh
and the erosion of its sides to produce two tails at its downstream end.
The di ke has been breached at one point by natural action, either settle-
nment or slope failure. The breach has presented no problems since it is
along the protected side of the island and allows flow in and out of the
mar sh. The marsh has developed, without artificial seeding, a very thick
foliage of assorted plants.

Bol i var Peni nsul a

53. This DWRP test site, located on Bolivar Peninsula 9 niles
(14.5 km) northeast of Galveston and bordering on Galveston Bay and the
Qulf Intercoastal \aterway, is an exanple of the use of sand-filled fabric
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Figure 6, Stable dikes at Wndm |l Point marsh devel opnent site

bags to protect a marsh substrate. Dredging on the nearby waterway is
required biannually to remove the accunmul ated fine sedinents resulting
froma 994,000-cu yd/yr (760,000 cu m/yr) shoaling rate. The first site
was established in early 1976to study ". . . narsh (vegetation) devel op-
ment in a |lowtidal-range, high-energy, estuarine environment. . . "
(WES23), The dredged material had been placed at the site by an earlier
dredging project on the Q@ilf Intercoastal Waterway.

54, The site is protected by a U shaped sandbag di ke 1700 ft | ong.
The bags, 10 ft x L.5ft x 1.5 ft, were made of a PVC-coated nylon fabric
and filled in place with sand. Various nethods of filling the bags were
eval uated, and washing the sand froma hopper into the bag with a hand-
held hose proved the nost successful. The bags were initially placed
directly on the fine silty sand substrate without any filter cloth or
filter layer. However, even before conpletion of the dike there was sig-
nificant evidence of scour between and in front of the bags. Some bags
were also losing their very fine sandfill. To correct this condition the
remai ning 278 ft of dike was placed on a plastic filter cloth, and the

base |ayer was nade four instead of two bags wide (WES2“). Eventually, a
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sizable part of the originally built dike was also placed in filter

cloth and widened, In May 1977, the site was visited by one of the
aut hors who found about 90% of the bags were in place and intact after

1 year's exposure.

Structure Selection Considerations

55. Selection of a containment structure to protect and/or retain
dredged material during marsh habitat devel opnent is a many faceted prob-
lem  The selection is based on the criteria discussed in Part Il, and
all criteria are never satisfied. The considerations include: material
retained or protected; maxi num height of dredged material retained above
the firmbottom required degree of protection fromwaves and currents;
permanence of the structure; foundation conditions at site; and the avail-
ability of mterials. These criteria may be collected into the follow ng
four practical concerns which should guide selection of a containment
structure: constructability of the structure to the project objectives,
suitability of the structure to the project objectives, naintainability
of the structure over its usable life, and its total life cycle cost.

Most of these selection factors are site critical and require engineering
data on the proposed site.

56. The practical options in containment structures can be divided
into three classes for discussion: sand dikes; proprietory building unit
structures, i.e., gabions or fabric bags; and sheet-pile structures.

Revet nents represent an addition to sand di kes for erosion protection

and sills and floating breakwaters are special purpose structures. Each
class of structure has its advantages and di sadvantages which are covered
in greater detail in the data sheets in Appendix B. However, the principal
choices, sand dikes and fabric bag dikes, are discussed below

Sand di kes

57. Sand di kes have | ong been the nost common contai nnent structure
for confined dredge disposal areas at both upland and in-water sites. The
primary reason for their continuing appeal is their proven econony of con-
struction at nost sites. In 1974 a survey by WES (Snethen and Patin?5)
found that for in-water structures the dike was used al nost excl usively
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for confinement of dredged material. The survey also found only two
marsh habitats that had been created with other types of retaining struc-
tures. Since then, seven marsh habitat projects (listed in Table 2) have
been developed by the Corps of Engineers. Six of these were built under
t he gui dance of the DMRP, and five of the six have been designed with
sand dikes. The dikes, chosen for their adaptability and | ow cost, are
sinply sand embanknents with some unigue problems for the designer

58. The first problemrelates to their siting. Because the sand
dike is a gravity structure it bears heavily on the soft, relatively un-
consolidated alluvial clays and silt typical of nany potential narsh
habitat sites. In the design of a dike one of the major concerns is the
rapid increase in the overburden which occurs when the dike is built and
the containment area is filled with dredged material. The stability of
the foundation soils with respect to shear failure is nost critical at
this "end-of-construction” time, because the strength of the foundation
soils is mniml. As the increased overburden pushes water fromthe soi
pores and the soil consolidates, there will be an increase in soi
strength.

59. One alternative used in many upland dredged material contain-
ment sites is to build the dikes in stages as nore storage capacity for
dredged material is required. This solution is |ess desirable in nmarsh
habitats because it delays achieving the proper elevation of dredged sub-
strate for marsh creation

60. The dike nust be designed to accept significant settlenment as
the foundation soils consolidate. This generally entails building the
dikes extra high based on an estimtion of total expected settlenent.

When the estimate proves in error, sand dikes can be nodified relatively
easily to achieve design crest elevations.

61, |If the in situ foundation soils prove inadequate for the dike
planned, one alternative is to excavate the too soft substrate and re-
place it with an acceptable borrow. However, if acceptable borrowis not
nearby, obtaining it can add greatly to the cost of the project. The
soft material is nost efficiently excavated by a hydraulic dredge if it
can access the marsh site. In many cases this would entail dredging its

way in to the site. Since the material is of such |ow strength the area
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dredged will have very ‘flat cut slopes adding greatly to the volune re-
moved. The less expensive solution, if feasible, is to flatten the side

slopes of the dike until it is stable.
62. In the case of very soft substrates the foundation soils
frequently can be nud-waved, i.e., progressively failed and caused to

flow before the dike's advance. This nmethod works best with end-dunped
construction technique which pernmits steeper dike profiles than can be
obtained with hydraulic fill nethods. This nethod is discussed in detai
in Hamrer and Bl ackburn?

63. The source of sand fromwhich to build the dike is frequently
another problem Unlike dikes built at upland sites, dikes built in
wat er cannot be readily conmpacted to achieve greater stability. There-
fore, a relatively clean, free-draining, cohesionless sand is desirable.
If such nmaterial is available within the dredge project area, construc-
tion of a dike by hydraulic fill is very attractive. However, about 80%
of the dredged material processed each year is from maintenance work
(Johnson and McGuinness!), and is generally a nmixture of fine-grained
silts and clays, with very little sand. Only in new dredge work are the
required dike mterials wusually available in the project dredge area

64. Two additional sources of sand are dredging from nearby borrow
areas, such as was utilized at the Wndm || Point project or excavation
from an upland site and truck haul of the sand to the marsh habitat.
Since in dredging, the excavation and transportation are conbined, it
will normally give a significant cost savings over the upland excavation
and truck haul solution. A hydraulically placed dike will have very flat
slopes (see Appendix B, Data Sheet 1), which can be nodified by a drag-
line as at Wndmill Point, or left on a flat slope to accormpdate weak
foundation soils as discussed in paragraph 61

65. A third problemoccurs when the dike is constructed in an
area where its exposed surface nmust be protected from erosion by waves
and/or currents. The slope of the dike may be faced with a revetnent as
discussed in Appendix B, Data Sheet 8  However, it should be stressed
that the integrity of the revetnent is dependent on the stability of the
dike it rests on. The dike should be protected from erosion through the
revetment by placing a filter cloth or filter gravel beneath or as part
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of the revetment surface. Al so, where mmjor settlement of the structure
occurs, there can be sufficient disturbance of the revetnent to expose
the dike to wave attack. Several types of revetnments are covered in the
data sheet. The revetment should be selected to fit the specific need of
the marsh and to reflect the local variation in material availability.
Fabric bags

66. The term "fabric bag" covers any of the products of several
producers of sacklike containers which can be filled with sand, sand-
cement, or concrete and used as building blocks for breakwaters, groins,
revetments, or containment dikes. To date many projects have been con-
structed using fabric bags in the above-nentioned structures, and two
recent Corps of Engineers projects have used fabric bags to retain
dredged naterial.

67. The feasibility of using fabric bags in coastal structures was
studi ed by the Coastal Engineering Research Center (CERC) (Ray?®) in a
series of laboratory tests. The report recomrends that such bags be
filled with saturated sand as tests revealed that air retained in inter-
particle voids causes a buoyant uplift force on the bags when submerged
in water, which reduces the bags' stability under wave attack. Also
field experience with the bags has been reported by Machemeh12’ and ot hers.
The consensus of these reports are that the bags are susceptible to damage
by sharp objects. Their |life expectancy is about 2 to 3 years, depending
principally on site accessibility (vandalisnm and depending on the bag
material protection fromsunlight (ultraviolet rays degradate fabric
rapidly).

68. The use of a fabric bag structure is extrenely useful where
site access is difficult for heavy construction equipnent. This is par-
ticularly true where the sandfill for the bags can be punped off the
bottom e.g., at the Bolivar Peninsula site. Another fabric bag dike
project built at Core Sound, North Carolina, used a pump floating on a
mekeshi ft barge of 55-gal druns to punp sand off the bottomto fill the
bags.

69. As a general practice fabric bag di kes should be backed up
with a filter cloth to ensure that the dredged materials are not | ost
through the openings between bags. Wile the placement of a filter adds
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to the conplexity of the dike installation, the Bolivar Peninsula experi-
ence confirms the need for such a filter. The filter should pass under
t he base bag and extend up the back of the dike (see Appendix B, Data
Sheet 7). If an apron is used to prevent scour in front of the dike the
filter should also extend under it. A flexible apron, i.e., a sand-filled

fabric mat, serves very well for this use, as long as it is not torn open.
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PART V.  CONCLUSI ONS

70. While several types of containnent structures are applicable
to marsh habitat development, each adds significantly to the cost of the
marsh and should only be used where justified. Wen used, the structure
shoul d be sel ected and designed to enhance its constructability, maintain-
ability, and usability while mninmzing its total life cycle cost.

T1l. Sand di kes have been the nost commonly utilized solution to
the retention problem of containing dredged material. If acceptable
material fromwhich to formthemis available at the site they are sinple
to build by controlled dredge discharge. The adaptability of sand dikes
to future nodifications of the containment area is a great advantage.

Sand di kes, hydraulically placed or built by haul -dunp nethods, should
general ly be the | east expensive contai nment structure and are the nost
common  choi ce

72. Sandbag dikes have been used in only a few marsh habitats.

Li ke the sand dike they are easily nodified or removed, and if protected
from wave and current scour they can be effective at |ow energy sites.
However, bag life limts their use in long-termprojects unless concrete
or sand-cement fill is used.

73. The need for safe outflow structures through the di kes was
observed at all of the enclosed sites. Care should be taken to provide
adequately for the discharge vol umes expected at maxi numtides, storm
tides, and heavy rainfall runoff.

TL. Ease of repair or alteration should be considered in planning
any marsh containment structure. Structures built high during disposal
to contain slurry nmust be lowered to create a viable marsh habitat, and
the renobilization of a major construction force to alter sonme contain-
nment structures, i.e., cofferdans, anchored bul kheads, is very costly.

75. The very slow consolidation of the dredged substrate in newy
created marshes requires that the contai nment structure be designed to

retain what is initially a "heavy fluid" slurry.
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APPENDI X A: COST DATA

1. Since any estimate of construction costs is site critical,
there is no attenpt to provide exhaustive cost data on the types of
structures reviewed in this report. Instead, a table of typical costs
for the various types of structures has been assenbled with the help of
personnel from the US. Arny Engineer District, Baltinore. These costs
nmust be adjusted to reflect conditions unique to a particular project,
i.e., dredge line distance, quality of natural materials, accessibility
of job sites.

2. In Table Al costs are generally given in dollars per linear
foot of containment structure except where noted and are established for
July 1977 at Baltinmore, Maryland. Costs should be nodified by an appro-
priate index for other areas of the United States. These costs were used
to develop the low, noderate, or high cost factors given in the data
sheets in Appendix B.

3, Filter blankets or filter cloth nmust be placed under all
revetments of rock or sandbags, and the cost is in addition to the esti-

mtes given for revetnments. The estimated costs are:

Filter blanket (1' thick): $6.00 /SY
Filter cloth $3.15/8Y
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Table Al

Esti mat ed Cost of Construction

Structure
Hei ght  Above

Structure Type Bottom (ft) Cost/lin ft Remar ks/ Assunpt i ons

Sand di ke 10 $ Lo.oo* For all construction in water.

hydraulically 20 $ 115.00 ®Tow to noderate wave clinate.

pl aced

(1:3 sl ope) See notes bel ow for costs of
dredge nobilization, not in-
cluded in these figures.*
®Does not include any stone
protection, nor establishment
of vegetative cover.

Earth dike, 10 $ 80.00 *Met hod requires truck haul

end- dunped 20 $ 290.00 link to land, avail able mate-

construction rial within a reasonable dis-

(1:3 sl ope) tance, and easy access to work
site.
@oes not include any stone
protection nor establishment
of vegetative cover.
*Length and width of dike are
critical factors in truck
cycle tinme and thus in cost.

Rock di ke, 10 $ 400.00 ®Material is quarry-run rock,

end- dunped 20 $1,500.00 not graded; placed as single

1-1/2 ton max | ayer.

(1:1 sl ope)

Steel sheet- 20 $ u480.00 “Estimated PZ-27 sheets 30 ft

pi | e bul khead in length.

anchored  wall @heets are mild steel with no

corrosion protection.

*Dredge nobilization nust be added to cost of all dredging projects.
D stance to Worksite

Dr edge 1/2Mle 2 Mles
12-in ¢ pipeline $ 33,000.00 $ 43,000.00
20-in ¢ pipeline $129.000.00 $145,000.00
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Tabl e Al --Conti nued
Esti mated Cost of Construction

Structure
Hei ght  Above

Structure Type Bottom (ft) Cost/lin ft Renar ks/ Assunpt i ons

Wod sheeti ng 10 $ 560.00 @reated tinber piles, walers

bul khead and wood plank sheeting
*Price will vary greatly with
| ocation and availability of
timber.

Gabions - $ 65.00/cY Cost is in dollars per cubic
yard.
@\eed to include vol une of
flexible apron in estimte.
@rice very dependent on
availability of rock fill.

Sandbag dike 5 $ 77.00 *Constructed in shall ow water.

10 $275.00

Revetment: #% - $ 9.00/sY @nall-size rock blanket,

Low energy, placed from Iand.

rock gradation @\ssunes | ocally avail able
sour ce.

Revetment : ¥¥ o $ 38.00/SY @arge stones placed by barge.

H gh energy, ®]100-mile haul distance.

rock gradation

Revetment: ¥¥ - $ 6.00/sY @onventional sandbags, no

Sandbags in grout in fill.

single |layer

Revet ment : $ 25.00/8Y Price is for freshwater

Gabion bl anket gabion.

1 ft thick

**This revetment requires a filter.
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APPENDI X B:  STRUCTURE DATA SHEETS

1.  The data sheets included here describe the potential of a spe-
cific structural type to solve the problenms of retention and protection
of dredged mterial during marsh creation. As such there has been a tend-
ency to stress inexpensive, short-life structures (1-3 years). However,
some longer |ife options have been included in recognition of the fact
that even in tidal narshes a certain anmpunt of high ground permanently
mai nt ai ned above the sea level is needed to establish the full range of
marsh bioculture. Al so, when marshes are built on nore exposed fetches
some permanent wave protection wll be necessary to ensure the marshes'
survival .

2. The first seven data sheets detail types of structural solu-
tions to the dredged nmaterial retention and protection problem  They
vary fromshort to long life with sone indication of how the |ives of
some could be greatly extended. Data Sheet 8describes the npbst common
revetment types. Revet ments can be used to protect a sand contai nnent
dike from wave or current erosion. Data Sheet 9 is an offshore sill
whi ch protects the marsh fromlarge waves while permtting the snaller
waves to pass over. Such a structure has application where the marsh is
inalowwave climte and exposed to only an occasional storm wave. The
| ast data sheet describes a floating breakwater which may be used as a
tenmporary protection device to pernit the marsh or its dike tinme to
develop a strong stand of vegetation.

3. In selecting the nost cost-effective marsh design the total
life cycle costs of the various options should be considered. I ncl uded
inthis nust be the costs of any extraction, nodification, or renoval of
the structure, after initial marsh establishment, that is necessary to

establish the nmarsh balance with the adjacent open water.

The Data Sheet Format

4. The data sheets are assenbled in the following format to give
the planner-designer sufficient information for making initial judgnments

of what type of structure would be nbst suitable for a given site-specific
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situation.

design, nor

a.

b,

They are not intended to substitute for proper engineering

to serve as engineering design guidelines.

Classification: Each sheet classifies the structure hy

five factors as follows:

Functi on: The structure's function is described as
retaining and/or protective. Retaining--
the structure's capacity to keep typica
dredge-size materials within its bounds,
particularly during filling. Protective--
the capacity to prevent the incident water
waves and currents fromeroding the substrate.

Hexible or rigid is used to describe the rela-
tive ability of a structure to respond to founda-
tion settlenment or active |oads from new marsh
substrate.

Mat eri al : Maj or conpositional materials used in the
structure.

Size: Limting wall heights above the firmbottom as
per common practice

Material retained: Di scusses types of dredged naterial
retained by the structure and any
speci al steps needed to ensure
retention; e.g., filter cloth.

Design factors: The design factors given in the data

sheets are really warning flags to cal

the planner-designer's attention to those
uni que features of each structure which
require special consideration or limt its
use. The factors considered vary with
each data sheet and are self explanatory
except for permanence and cost.

Per manence: The permanence eval uation of a structure
considers first the probability that the
structure will retain and/or protect the
new marsh substrate until sufficient con-
solidation has occurred to allow the re-
noval of the structure. Secondly, the
effort required to repair, nodify, or re-
nove the structure is considered. In
measuring permanence the mni num desirable
life is taken as 2 years since results to
date indicate that this will allowtine
for sufficient consolidation and for the
establishment of stabilizing vegetation in
the marsh. The structural life rating
system is: short (less than 2 years),
nmoderate (2 to L4 years), long (5years
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or nore). The effort required to nodify
or renove a structure is neasured relative
to the first cost of construction. The
renmoval rating system is: ow (<25% first
cost), medium (about 50%), and high (>100%).
This rating is very general since |ocal
conditions and initial construction can
radically change the costs of renoval.

costs © The relative cost (high, nmedium low) wll be
deternmined for each type of structure. Revet-
ment costs will be based on dollars per square
yard of protected surface. Al containnent
structures will be rated relative to the cost
of a hydraulically placed sand di ke which is
rated as "low" Some construction and site
vari abl es which affect the cost are identified
and representative costs are given in Appendi x
A

c.  Remarks: This section highlights some of the subject
structure's advantages or di sadvantages as they
apply to use for marsh habitat containnent.

4. References: Ref erences to pertinent sources of design
information for each structural type are
gi ven.
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Dat a Sheet 1

Sand Dike (hydraulically placed)

Fill placed by dragline to shape
and raise dike

Typical slopes

lon2to3 \’\r

Typical Slopes:
| on 10 to I5-fine sands
| on 3 to 7 -sands to gravel

o

Excavated for fill above

[n situ bottom

/

consolidation

C assification

Functi on: Retaining and protective; dike may require additional
protection by revetment.

Type: Flexible, gravity structure.
Material s: Sands or gravels, less than 15% passing No. 200 sieve.

Size range: The height linit for a sand dike is generally estab-
l'ished by the stability of underlying foundation
material s. However, with flat slopes, material
vol umes increase rapidly with height and establish
an economic size limt.

Material retained: Al sizes of typical dredged material.

Design factors

Foundation conditions: Since nost marsh habitats exist or are
likely to be built at sites with soft
alluvial bottons, some dike settlement is
likely to occur. If good soil data are
avail abl e the designer can estimte and
plan for the settlenent. The dike nust
al so be designed for overall cross-
sectional stability against a failure
surface through the soft bottom material.

Structural settlement: If built with coarse clean sands, hydrau-
lically placed, there will be little
settlement of the structure. Such sands
will have a nediumrelative density. How-
ever, if sand contains significant fines
the loss of pore water will be slowed and
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some |ong-term consolidation may be
evi denced

Tidal effects: Mbderate.  Maxinum tidal range shoul d be considered
i n devel opi ng maxi mum | oads for stability condi-
tions, and in determ ning the extent of revetnent
protection.

Wave and current effects: Erosion susceptibility is a function of
the sand characteristics such as parti -
cle size, shape, gradation, particle
density and conpactness. Therefore, it
is difficult to give general criteria;
however, the waves and currents to be
consi dered should be those of the |arger
storms or current flows and not the aver-
age values. \ere significant erosion
can be expected, revetnents should be
included to prevent damge

Per manence:

a. Structural [life: (Rating: I ong) Di kes protected and nain-
tained as appropriate have an alnost unlimited life. Un-
protected di kes can accommpdat e sone degree of scour in
low wave climates.

o

Renoval : (Rating: nedium) Dikes can be easily renoved or
nodified with a dragline to meet the devel opnent require-
ments of the marsh.

costs © A sand dike is the cheapest solution when material is
readily available at economic prices. |If the dike requires
revetting to prevent its erosion, costs can al nost double
and the size of construction plant to be nobilized is in-
creased (see Data Sheet 8, Revetments).

Renmar ks

Sand di kes should be built fromthe coarsest material that is
economcally available. Preferably, this material would cone
fromthe site to be dredged but frequently in namintenance
dredgi ng, the project material is not coarse enough or exceeds
10% to 15%fines (passing No. 200 sieve), and other borrow
sites must be found.

i

|o

The extra costs in borrowing froma nonproject site are sone-
what offset by the costs of extra material that nust be used
in flatter slope dikes which result fromusing finer grain
and/or plastic mterials found at the project dredge site.

Ref er ences

Lowe, J. I, "Stability Analysis of Embankments," Conference on
Stability and Perfornmance of Sl opes and Enbanknents, American
Society of Cvil Engineers, 1966.
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Ladd, C. C and Foott, R, "New Design Procedure for Stability of
Soft Clays," Journal, GCeotechnical Engineering Division, American
Society of Civil Engineers, Vol 100, GTT, Jul 1974, pp 763-786.

NAVFAC, "Soil Mechanics Foundation and Earth Structures,” NAVDOCKS
Desi gn Manual DMT, U S. Navy, 1971.

Witman, R V., "Hydraulic Fills to Support Structural Labs,"
Journal of the Soil Mechanics and Foundations Division, Amrerican
Society of Civil Engineers, Vol 96, No. sM1, Jan 1970, pp |-54.
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Data Sheet 2

Sand Dike (dunped in place)

Shown:
End -dump displacement of
——— g soft in situ material

' Mud wave
/

Cross -sectional view

Place fill

( Not to scale)

zon Sl

o Keep as steep as

T / possible

Side view

C assification

Function: Retaining and protective; dike may require a revetnent
as additional protection from erosion.

Type: Flexible, gravity structures.
Materi al s: Silty or clayey sand, sand, gravel.

Size range: Since greater height can be achieved by flattening
the side slopes of dikes, any practical height is
possi bl e.

Material retained: Al typical sizes of dredged nmaterial.

Design factors

Foundation conditions: Since marshes tend to be built on soft,
organic soils, foundation settlenment can
frequently be built by the displacenent
met hod; however, care nmust be exercised to
avoi d entrapping the soft nud wave under
the fill.

Structural settlenent: |If nmaterial has a significant clay con-
tent the dike may undergo significant
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consol i dati on depending on the water con-
tent at placenent.

Tidal effects: Moderate. Maxi mum tidal range shoul d be consi-
dered in devel opi ng maxi num | oads for stability
considerations, and in deternining the extent of
revet nent.

Wave and current effects: Erosion susceptibility is a function of
the sand characteristics such as parti -
cle size, shape, gradation, particle
density and conpactness. Therefore,
it is difficult to give general crite-
ria; however, the waves and currents to
be considered should be those of the
| arger storns or current flows and not
the average values. \Were significant
erosi on can be expected, revetnents
should be included to prevent damage.

Per manence:

a  Structural life: (Rating: |l ong) Sand dikes with appro-
priate riprap protection and sonme main-
tenance can last as long as necessary.
The principal dangers are slope erosion
and toe scour.

b. Renoval: (Rating: medium Sand dikes are easily renoved
with proper equipnent, i.e., backhoe, gradall,
and in some cases, floating equipnent is re-
qui red.

costs:  Low.  About double those for a hydraulically placed dike;

however, the cost is quite dependent on the specific site
conditions, i.e., haul distances from source to dike, land
access to dike, quality of fill used.

Remar ks

When the nmarsh habitat is a planned disposal for soft nainte-
nance dredged material and no acceptable dike material is available
in the project, land borrow of dike material my be available.
Where this can be delivered and end-dunped into place, this type
of dike becomes cost conpetitive.

Ref er ences

Bjerrum L., "Enmbankments on Soft Ground," Proceedings, Specialty
Conference on Performance of Earth and Earth- Supported Structures,
Anerican Society of Gvil Engineers, Vol IIl, 1972, pp |-54.

Duncan, J. M and Buchignani, A L., "An Engineering Manual for
Slope Stability Studies," University of California, Berkeley,
Calif. 1975.

Hanmmer, D. P. and Blackburn, E. D., "Developnment and Construction
of Retaining Dikes for Containment of Dredged Material," Technical
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Report D-77-9, Aug 1977, U. S. Arny Engi neer Waterways Experinent
Station, CE, Vicksburg, Mss.

Ladd, C C and Foott, R, 'New Design Procedure for Stability of
Soft Cays," Journal, Geotechnical Engineering Division, Anerican
Society of Civil Engineers, Vol 100, GTT7, Jul 197hk,pp T63-786.

NAVFAC, "Soil Mechanics Foundation and Earth Structures,” NAVDOCKS
Desi gn Manual DM7, U S. Navy, 1971.

Terzaghi, K. and Peck, R P., Soil Mechanics in Engi neering
Practice, 2d ed., Wley, New York, 196T7.
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Data Sheet 3

Retaining Wall (cantilevered)

Sheet-pile wall \\\ﬂ Top of new dredged substrate\,\

e

i
|
{

Active earth pressure, Ea

7

H = height of dredge fill

In situ bottom% :
~ = S0 =

. L~
Passive earth Note: The loading diagram shown in the sketch is
pressure,Ep illustrative only. Actual earth pressure

distributions differ according to rigidity
of wall and soil characteristics

= (i.e.,cohesive or cohesionless ).

Cl assification

Desi gn

Functi on: Retaining and protective.

Typeible laterally |oaded structure.
Materi al s: Arch web or Z-type steel sheet piles.

Size range: Wall heights linited to about 15 ft maxi rum  Above
this height anchored walls (Data Sheet 4) are recom
mended up to a maxi mum hei ght of Lo ft.  However,
where the use of an anchored wall is considered in-
feasi bl e special nmeans are available to nodify canti -
levered walls to sustain additional height, i.e.,
king piles, counterfort sections, etc.

Material retained: Al sizes, total barrier to all dredge solids.

factors

Foundation conditions: Cantilevered walls require adequate emnbed-
ment in a firm bottom strata to devel op
the passive earth support necessary to

counter the high active soil [|oading
pressure of |ow strength, soft dredged
material s. Therefore, it is not advisable

to use cantilevered walls at sites where
the bottomis rocky (driving difficulty),
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or has soft unconsolidated sedinents (in-
sufficient passive support).

Wall rotation: Sheet piling nust rotate outward at top in order

Ti da

to develop full strength capacity of soil. To

i nprove the aesthetics of the finished project,
drive sheet piles with slight inboard batter, so
final wall position after initial novenment will
be approximately vertical.

effects:  Mnimal; however, designer should include tides in

calculating greatest wall loading case

Wave and current effects:

a. Erosion resistance: Good. Inspection nmust ensure that
no handling holes are left uncovered in driven sheet piles,
as piping losses through such holes can be very |l arge and
my precipitate failure.

b. Toe scour: Significant scour of the bottomimmediately in
front of any wall may occur if water depth is
less than twice wave height. Design wave
hei ght shoul d include both the incident wave
height plus a reflective wave height estinated
for a vertical wall. Toe scour is a particu-
lar concern with cantilevered walls since the
bottom material renoved fromin front of the
wall is in the passive earth zone that supports
the wall (see figure above).

Per manence:

a  Structural life: (Rating: long) The structural life can
be extended by proper corrosion protection, i.e., coatings,
or special corrosion-resistant steel sheeting

b.  Renoval: (Rating: nedium Conparatively sinple with crane
and pile extractor. Overdriving during placement which
causes sheet deflections and interlock separations adds
great difficulty to extraction. As an alternative to
removal , piling can be cut off to any convenient height,
and abandoned.

Costs: Mderate to low A cantilevered wall is one of the |ess

Remar ks

=

expensive structural retaining devices in this report,
when reasonabl e reuse of material is planned.

Permits installation of entire wall before any dredging. This

reduces the problemof a tail of dredge discharge fines noving

out

1=

of discharge area

Materials and construction technology are readily avail abl e.

Sheet piles can even be rented from comercial sources when
consi dered cost effective
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¢.  Construction requires sone floating plant such as a piledriver,
pile barge, and pusher boat. Water depths at the tinme of con-

struction nust be deep enough to pernit construction opera-
tions.

=

The key to constructing a successful cantilevered sheet-pile
retaining wall is adequate penetration of the piling bel ow the
firm bottom allowing for possible scour. Cantilevered sheet

pi l es nust be driven deeper than for sinilar wall heights of
anchored sheet piles.

Ref er ences

Bow es, J. E., Foundation Analysis and Design, MGawH ||, New
York, 1968, cha.

NAVFAC, "Soil Mechanics Foundation and Earth Structures,”" NAVDOCKS
Desi gn Manual DM7, U. S. Navy, 1971, Ch 10.

Teng, W C., Foundation Design, Prentice Hall, Englewod diffs,
N J., 1962,Ch 12.

Wnterkorn, H F., and Fang, H Y., ed., Foundation Engi neering
Handbook, Van Nostrand- Rei nhol d, New York, 1975, Ch 13.
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Data Sheet L4

Retaining Wall (anchored)

vvrr__L*Jf—*rM

Tie

rod

H |e—Anchor pile

T
Note: The loading diagram is
illustrative only and shows a
fixed-end support design.
\ Ep — Active earth pressure

Epo on wall

Epy,Epp— Passive (resisting ) earth
pressure

T - Tie-rod tension force

C assification

Functi on: Retaining and protective.

Fypxi ble laterally |oaded structure.

Material s: Arch web or Z-sectioned steel sheet piles.

Size range: \Wall heights up to 40 ft above firm bottom

Material retained. Al sizes, total barrier to all dredge solids.

Design factors

Foundation conditions: Requires adequate enmbednment in a firm
bottom strata of sand, clay, and/or snall
gravel. Larger size gravel and rock nay
prevent driving to acceptable depth, and
unconsol i dat ed bottom sedi ments provide
little shear strength for the passive
support zone.

Anchor  support: The material wallward of the anchor structure
what ever anchor is used, must be of adequate
passive shear strength to resist the anchor | oad.
If anchors are set in a select dredge-fill nound,
before general filling, then as conmmon dredged
material is placed in the discharge area care
shoul d be taken to place the best available
dredged material in the area between anchor and
wall. Use of as clean a coarse sand material as
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"possible will facilitate drainage of the fil

behind the wall.

Tidal effects: M ni mal ; however, tides should be included in

Wave

design calculations of worst wall [oading

and current effects:

=

Erosion resistance: Good. Unless an uncovered handling

hole is left in sheeting there will

be no significant |oss of
through wall.

mat eri al

b. Toe scour: Significant toe scour may be caused by strong
long wall currents or by wave action against a
vertical wall resulting in reflective incident

wave interaction. Such erosion at

the toe can

be controlled by use of a bottomfilter blanket
in front of the wall, or planned for by greater

depth of pile enbednent.

Per manence:

a.  Structural [life: (Rating: long) The piling's
may be extended indefinitely

long life
by proper

corrosion protection, if costs of pro-

tection are justified by the

benefits.

Maj or problem may be near bottomline if
sand scour of the corrosion protection

occurs.

b. Renoval . (Rating: mediumto high) Requires nobilization

of crane with extractor. Can present consider-
able difficulty where anchor cable tensions are
high. If reusable, net renmoval costs would be
lower. \Where extraction is difficult piling may

be cut off in place at top of fill.

costs: Mderate to high. Final net cost depends on probable reuse

Renar ks

|

Ref er ences

of sheet piling.

Maj or causes of failure in anchored sheet-pile walls are anchor-
age failures due to excessive novenent of anchor pile, increased

downdrag on anchor cable due to settlement of fill
by placing cables in hollow conduits), and anchors
enough behind wall.

(can be sol ved
not being far

Construction usually requires nobilization of a floating plant

including piledriver, piie barge, crane barge, etc.

This re-

qui res gn adequate operating water depth for equipnent.

Bowes, J. E., Foundation Analysis and Design, McGawH Il, New

Yor k,

1968, Ch 8.
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NAVFAC, " Soi l Machani cs Foundation and Earth Structures," NAVDOCKS
Desi gn Manual DMT, U. S. Navy, 1971, Ch 10.

Teng, W C., Foundation Design, Prentice Hall, Englewood Ciffs,
N J., 1962,Ch 12.

Wnterkorn, J. F. and Fang, H Y., ed., Foundation Engineering
Handbook, Van Nostrand- Rei nhol d, New York., 1975, Ch 3.
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Data Sheet 5

Cof f erdam

Dredge fill
-
. -~
= [~
\\
Select\—--——--g—-
granular H ’
fill
Lo DS I
Sheet-pile cell’ H = height above firm bottom

Cl assification

Functi on: Retaining and protective.

Fyexi bl e gravity structure, self supporting when filled
with granular material.

Material s: Steel sheet-piling cell filled with granular materials
(i.e., sand, gravel).

Size range: Heights up to 60 ft; however, generally limted to
hei ghts of 20 ft and greater due to cost.

Crcular: Cell dianeter is 1.25H; range of diameters 15to 60 ft.
Smal ler diameters are possible with bent web sheets.

Di aphragm Di aphragm cel | s have an average diameter of 0.75 tinmes
the cell height above the bottom

Materi al ret ai ned: All sizes, total barrier.

Design factors
Expected structural settlenent: Fill incell will densify,
especially if overtopped.
Tolerance to foundation settlenent: Good.

Tidal effects: Mnimal for free-draining cell fill.

Maxi num range: Al practical ranges; however, large tidal ranges
will rapidly increase costs as higher cells nust
also increase in dianeter.

Wave and current effects:

a,  FErosion resistance: Good.
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b. Toe scour susceptibility: Hgh. If water depth is less
than twice incident wave height,
scour may be avoi ded by placing
riprap apron in front of cells.

Per manence:

a.  Structural life: (Rating: long) Life can be extended by
proper corrosion protection.  Corrosion
most apparent in the intertidal and
splash zone, and inmmediately above a
sand bottom The latter high corrosion
zone is due to sand scour of steel corro-
sion products accelerating the corrosion
rate.

b. Renoval: (Rating: high) Renoval of a cellular structure
is acconplished by partially emptying the fill
fromthe cell until ring tension is renoved, and
extracting the sheet piles. Requires crane with
pile extractor. Extraction is nore difficult
for piling driven in a clay bottom or where
sheet piles are frequently bent or misaligned.

costs:  High.
Remar ks
a. \Wile coarse, clean, free-draining materials are preferred for
cellular fills, silty sand or gravel nay be used with proper
precauti ons.
b. Mjor advantage is that cellular cofferdanms can be founded on

bare rock if necessary precautions are observed.

lo

Cel lul ar cofferdans are very expensive and require mobilization
of a considerable construction plant. Wuld be used only in
very unique circumstances.

Ref er ences

Tva, "Steel Sheet Piling Cellular Cofferdans on Rock," Tennessee
Val |l ey Authority Technical Mnograph No. 75, Dec 1975.

Bow es, J. E., Foundation Analysis and Design, McGawH ||, New
York, 1968, Ch 8.

Teng, W C., Foundation Design, Prentice Hall, Englewod Qiffs,
N. J., 1962, Ch 1k,
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Data Sheet 6

Gabions
Gabion baskets filled -Superstructure
with rock Y. x
L g \d +
v, Vv Apron before settlement
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. ~ ~o N T P
filter cloth SN -
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Apron after settlement

Cl assification

Function: Retaining and protective.
Hmexi ble gravity structure, self-supporting.

Materi al s: Heavy gal vani zed wire basket (PVC coated for seawater
application) filled with small rock of 4- to 10-in.
dianeter. Baskets are stacked and wred together.

Size range: Heights up to approximtely 10 ft, with mltiple
t hi cknesses of gabions and/or counterforting.

Material retained: Al sizes, but my require filtering for fines.
Design factors

Structural  settlement: Very little densification of rock within
basket s. Baskets will tend to squash
down and bulge out if internal tie wires
are not correctly placed.

Foundation settlement: Due to the gabion's weight, approximately
12516 /£¢3 (2000 kg/m3), there will fre-
quently be some settlenment associated with
their installation. However, being very
flexible, settlenment will not be serious
unl ess wall crest drops too low for in-
tended use. Gabions are very tolerant of
foundation settlement.

Tidal effects: The inpact of tidal range is dependent on the per-
meability of the gabion's rockfill and of the
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Wave and current

retained. dredged nmaterial. |f the perneability of
either is low, the elevation of the water table in
the retained subgrade shoul d be the design high
tide elevation. Also, seepage forces should be
based on maxi num tidal range.

ef fects:

a2, Erosion resistance: Care should be taken to ensure that
dredge fines are not |ost by piping
through the gabion. This can be done
easily when nultiple layers of gabions
are used. The backup layer may be
filled as a filter, and if necessary
backed with filter cloth.
b. Toe scour susceptibility: Tests by WES indicate that
gabion walls placed on an erod-
i bl e substrate and not protected
by any toe protection are very
susceptible to toe scour. Un-
corrected scouring will lead to
col | apse of the gabion wall into
the scour hole. The proper
pl acenent of a flexible gabion
apron will lead to a sealing
off of mpbst undermining action,
as the apron folds down into
the hole until scouring is
hal t ed. The apron shoul d extend
in front of the structure at
| east one and one half tines
the predicted scour depth.
Per manence:
a. Structural life: (Rating: noderate) Long experience in
- freshwat er applications indicates gabions
have |ife expectancies in excess of 20
years. Wile the permanence of sea-type
gabions is less well established it should
be in excess of the 2 years required for
tenporary stabilization of dredged
material .
b. Renoval: (Rating: low) Reducing wall height is sinple,
just cut wires of gabions and dunp the rock
Gabions not rermoved will tend to becone veget a-
ted, water depths permitting, and need not be
renmoved for aesthetics.
COStS: Moderate; approximately $65.00/cy of wall, depending on
rock costs.
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Remar ks

a.  Mjor advantages exist for this type of structure where smal |
rock is readily available, and can be cheaply delivered to
the work site.

b. Assenbly and filling of gabion baskets requires care and sone
experi ence. Internal ties are critical to basket retaining
its shape, and to the overall stability of a gabion wall.

c. Perneability of gabions can be helpful in nore rapid consoli-
dation of dredge fills.

d. Gabions may be used as a revetment on a sand dike. A filter
layer of filter cloth or graded aggregate is needed to prevent
erosi on.

e There was little actual experience with sea gabions in salt-

water available. However, what experience is available indi-
cates there may be a corrosion problemin the saltwater

Ref er ences

environment which severely linmts the useful life of a gabion
wal | .
Brater, E. F., et al., "The Mchigan Denopnstration Erosion Control

Programin 1976," Technical Report No. 55, University of M chigan,
Sea Gant Program Feb 1977.

Maccaferri, "Gabiong Techni cal Handbook," Maccaferri Gabions of
Anerica, Inc., N Y.

MCartney, B. L., "Survey of Coastal Revetment Types," M 76-7,

U S Ay, Corps of Engineers, Coastal Engineering Research
Center, Fort Belvoir, Va., My 1976.

Terra Aqua Conservation, "Bekaert Gabions Techni cal Handbook, "
Bekaert Steel Wre Corp., Nov 1977.
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Data Sheet 7

Fabric Bags

- ¥
~ ¥ v ¥ Scour control apron
. - I apro

Sand-filled
fabric bags

Cl assification

Desi gn

Functi on: Retaining and protective.

Hmexi ble gravity structure conposed of discrete, sand-

filled fabric bags.

Materi al s: Synthetic fabric (generally nylon) bags enployed as
flexible forms for a variety of fill mterials: sand,
sand-cement, concrete. The bags are laid in place,
then filled with the slurry. If filled with sand-
cement or concrete the fill is cured in place.

Size range: Unit size is variable. Since larger units are filled
in place, they present little difficulty in handling.
While the structure height could be extended as high
as desired, nost free-standing installations to date
have been of 16ft or |ess.

Material retained: To retain fines typical of dredged material,
afilter cloth or stone filter layer should
be placed behind the fabric bag structure.

factors

Foundation conditions: As is typical of all gravity structures,
sonme foundation settlement will occur when
the wei ght of the stacked fabric bags ex-
ceeds the bearing capacity of the soils on
which they are placed. However, the flexi-
bility of this structure can adjust for
some differential settlenent.

Tolerance to foundation settlenent: Good.

Expected structural settlement: Since the bags are filled with
sand, sand-cenent, or concrete,
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al nost no settlenent of structure
is expected.

Tidal effects: M ni mal

Maxi mum range: All practical ranges; however, the larger ranges
will expose nore of structure's fabric bags to
sun's ultraviolet radiation

Wave and current effects:

a.  Structural novenent: Fabric bags nmove under mediumto
| arge wave forces, see Ray 1977, for
more specific details.

Erosion resistance; Good

o

c. Toe scour susceptibility: Mst vendors recomrend articu-
lated mattress at the toe,
which will bend down into a
scour hole and shut off scour
before it endangers the struc-
ture.

Per manence:

a  Structural life: (Rating: long--concrete filled, noderate
--sand-cenent filled; short--sand only
filled.) This factor is very dependent
on the kind of fill placed in fabric bags.
As noted in the pernanence rating, bags
filled with good concrete have a | ong
life and shoul d be considered as pernma-
nent structures of manmade rock. The
sandfill is held together only by the
bag so the life of a sand-filled fabric
bag structure is 3to 5years depending
nmostly on the weathering and W resist-
ance characteristics of the fabric.
Sand-cement falls in between these and
depends on the quantity of cenent used.
This flexibility of fill permts the
designer to plan for "natural" renoval
of a part of the dyke in areas and to
dept hs where free comrunication of nmarsh
with open water is desired.

b. Removal: A mjor asset of sand-filled fabric bags is their
potential for easy renoval when desired.

costs Low

Renmar ks

a, Developed in the early 1960's, the fabric bags have received
increased utilization, and are characterized by |ow | abor and
equi pment  requirements. Fabric bags are particularly well
suited to underwater placenment, since 6to 12 in. of water
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protects themfromthe sun's ultraviolet rays, a najor de-
teriorating factor.

b. Fabric bags offer benefits in the construction of tenporary
structures for dredged material containment. Fabric bags pre-
sent the problem of frequent premature destruction due to
snaggi ng by floating debris or slashing by vandals in access-
ible areas. Life expectancies given above are based on "un-
disturbed" situations.

c. In special cases where current flowin one direction is the
predom nant cause of erosion (i.e., in rivers or estuaries),

a partial enclosed dike (e.g., a groin) may be used to deflect
currents.

Ref er ences

Berg, D W and Watts, G M, "Variations in Goin Design,"
Journal, Waterways and Harbors Division, Anerican Society of Cvil
Engi neers, WR, 1967.

U S Ay, Corps of Engineers, Coastal Engineering Research

Center, "Shore Protection Mnual," Vols I, I, Ill, Stock No.
008-022-00113-1, U. S. Governnent Printing O fice, Washington,

D. C, 1977.

Brater, E. F., et al., "The M chigan Denonstration Erosion Control

Programin 1976," Technical Report No. 55, Feb 1977.

State of California, "Bank and Shore Protection in California
H ghway Practice," State of California, Department of Public Wrks,
Di vi sion of Hi ghways, Nov 1960.

MCartney, B. L., "Survey of Coastal Revetnent Types," M 76-T,
U S Ay, Corps of Engineers, Coastal Engineering Research
Center, Fort Belvoir, Va., My 1976.

Ray, R L., "A Laboratory Study of the Stability of Sand-Filled
Nyl on Bag Breakwater Structures," MR 77-4, U S. Arny, Corps of
Engi neers, Coastal Engineering Research Center, Fort Belvoir, Va.,
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Data Sheet 8

Revet nent s

Dredged marsh fill Revetment protection may be extended
over the crest for protection from

overtopping

||i<|

Revetment

Containment dike

Filter layer and or filter cloth

C assification

Functi on; Protective and nonretaining.

Reneet ment  protection for a contai nment dike.

Materi al s: Stone is preferred because its size variability
allows its use over a wde range of wave conditions.
However, if stone is not readily available and the

breaki ng waves are predicted to be less than 3 ft
(0.9 m), cinder blocks or sand-cenment bags coul d be
substituted for stone.

Size range: The area of the dike requiring protection depends
upon the design wave hei ght and runup characteristics
of the dike slope and the protective mterial used.
Usual |y, the revetnent is carried to the top of the
di ke to prevent danmage from overtopping of the
revet nent.

Material retained: Revetnents alone are not designed to retain
dredged material.

Material protected: Revetnents can protect coarse sand, clays, or
silts if an adequate filler layer is designed.

Design factors

Tolerance to settlement: Revetnents enploying stone as a protec-
tive layer can wthstand considerable
settlement as long as the filter layers
remai n continuous and are not exposed to
wave action. Revetnents enpl oying cinder
bl ocks and sand-cenment bags do not tole-
rate differential settlement very well.

Tidal effects: Tidal ranges vary with structure location and are
a design variable that nust be considered. Revet-
ments designed with adequate filters (which allows
free drainage of water) are not affected by tidal

B2k



Wave and current

action or currents. However, tidal currents can
cause scouring at the toe of a revetment resulting
in danage to the revetnent. Increased stillwater
levels up to high tides can allow | arger than nor-
mal wave action to occur, and require an increase
in structure height to keep the revetment from
being overtopped.

ef fects:

a.  Maxinum
b.
c. FErosion
d.

Per manence:
a
b.  Renoval :

wave height: Revetnents using stone can be de-

signed to withstand wave inpact for
any size wave by varying the stone
size used (see Hudson, 1974). GCin-
der bl ocks and sand-cenment bags can
be used for breaking wave heights
less than 3 ft (0.90 m) (see G les,

1977)

Wave runup: The maxi num extent of wave runup on a struc-

ture determ nes the height to which a struc-
ture should be built. The extent of runup is
a function of wave height, structure slope,
wave period, and roughness (see Hudson, 19Tk4).
The design runup distance for stone is 80%,

bl ocks 100%, and bags 95% of that for a snooth
sl ope.

resistance. Good. Revetments prevent erosion of

the dike material as long as an ade-
quate filter is used to prevent the
di ke material from being pulled
through the armor layers. Once this
occurs a void is left behind the fil-
ter which leads to a | oss of support
for the revetment, its collapse and
progressive failure.

Toe scour susceptibility: Toe scour could be high if the

wat er depth is less than the
maxi num wave height. In such
cases the toe should be ex-

t ended beyond the extent of
scour expected

Structural life: (Rating: long) The life of the structure

can be extended indefinitely by selecting
the proper protective layer using the
wave height criteria found in SPM 1977,
and designing the structure for non-
overtoppi ng.

(Rating: noderate) The protective |ayer can be
renoved with a crane using techniques simlar to
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those used for placenent of the stone, blocks,
or bags. In addition, if stone is used as a
protective layer, a dragline on a barge can pull
the stone down to forma subnerged rock toe.

Costs: Low to high. Costs for individual blocks and bags are
relatively low but placement costs can be high. Stone is
usually low in cost if available at or near the site selec-
ted. The cost of placement of the stone is lowif it can
be dunped from land but hi gh if it has to be placed piece-
by-pi ece using floating equipment, i.e., crane and barges.

Renar ks

a. This structure is best used in conjunction with other non-
overtopped structures such as dikes. For the structure to be

effective both a good toe design and filter design nust be
i ncor por at ed.

|’

Construction of a rock revetnent requires that a crane have
access to the slope for placing the stones. Thus , if the
structure is conpletely in water, depths of 2 to 4 ft nust be
present to allow placement from a barge. In addition, an
avail abl e supply of stone relatively close to the site nust

be present or costs will be high due to transportation charges.

The quality of stone should be such that the stone will not
deteriorate with time; however, it does not have to be the
highest quality available. Durability under wet-dry cycles is
particularly inportant to long-term stability. This type of
revetment is the easiest to design and the nost frequently
used.

lo
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Max. tide elev.

Min. tide elev.

Dat a Sheet 9

O fshore Sill

Sill structure

In situ bottom

C assification

Desi gn

Functi on: Protective and nonretaining.

Ofpe:ishore sill.

Material s: The sill can be constructed from dunped sand covered
with stone, dunp stone, or gabions. A sill construc-

ted using filled in-place sandbags is probably the
sinmplest to construct.

Size range: The sill is usually lowin height with the crest at
about low mean water. The width of the crest is 3 to
4 £+, which allows the wave to break on the sill and
not on the dredged naterial behind it.

Material retained: Sone sandy nmaterial could be retained because

the sill would act like a toe for the dredged
materi al . Suspended fines, however, wll be
flushed out with the backwash, over the sill.
Material protected: The sill will reduce the incident wave hei ght
by initiating wave breaking. However, there
will still be sone wave action on the dredged

material so that only coarse to fine sands
will remain on the exposed slope.

factors

Tolerance to foundation settlenent: Sills can wthstand consider-
able settlenent and still re-
main useful. However, to
prevent excessive settlenment
a good filter layer and toe
protection design should be
used.

Tidal effects: The purpose of the sill is to reduce the anmount of
wave energy reaching the nmarsh by causing the waves
to break before reaching the marsh. Thus , a sill
should be located in an area where the tidal fluc-
tuation is 2 ft or less.
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Wave and current effects:

a.

1=

fo

Maxi mum wave height:  The maxi mum wave hei ght the struc-
ture can withstand is determ ned by
t he maxi mum size unit used to build
the structure (see Hudson, 1974).
Two-ton sandbags shoul d w thstand
any wave height at a site where a
marsh habitat would be built. The
sill's ability to reduce wave heights
depends on the water depth over the
sill and the width of the sill's
crest. The design of sills is dis-
cussed in detail in the Shore Protec-
tion Mnual (SPM 1977).

Erosion resistance: Medium A well-designed sill wll
reduce the erosion rate of material
stored behind it by causing incident
waves to break on or imrediately be-
hind the sill. The area i mediately
behind the sill, therefore, nmay be
subjected to erosion.

Toe scour susceptibility: Hgh. Adequate toe protection
nust be included to prevent toe
scour from undermning the sill

Per manence:

a.

o

coSts:

Structural life: (Rating: I ong) The structure's life can
be extended indefinitely by selecting
the proper protective |ayer based on the
above wave height criteria and designing
an adequate toe protection or the struc-
ture life can be short by selecting a
material which wll degrade with tinme

Renoval : (Rating: noderate) The structure would have to
be renoved by clanshell and dredge, requiring
the remphilization of a floating plant. However,
once in place the structure would not normally
have to be renmoved, if the marsh is pernmanent.

Low to nedium  Structure costs are |ower than breakwaters
because of the | esser ambunt of material required. Bags

are relatively cheap but placenent costs can be hi gh depend-
ing on site conditions. If stone is used it should be
dunped so placenent costs are |ower than for individua

pl acenents. However, a floating plant is required to |oad,
transport, and dunp the stone into position. Costs for
assenbling and operating a floating plant are very site-
speci fic.
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Renar ks

I

The purpose of the sill is to cause the wave to break on the
sill instead of on the marsh sl ope.

1=

An adequate toe and filter nade fromrock or filter cloth is
required to prevent the substrate fromeroding and causing the
sill to fail.

Sills conposed of sandbags are subject to vandalism and being
cut by driftwood, or other debris. Those conposed of gabions
are subject to corrosion.

lo
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Data Sheet 10

Floating Breakwater

IFloating tire breakwater Dredge filled marsh,

_ 3 ___ I8
— 7 . ,
In situ bottom elevation
Anchorage
system

C assification

Functi on: Protective and nonretaining.
Typeiting breakwater.
Material s: Tires.

Size range: The design width of the breakwater is a function of
the length of the incident wave to be guarded agai nst,
and the desired degree of wave attenuation (see Gles
and Sorensen, 1978).

Mat eri al ret ai ned: None.

Material  protected: Sands. The material has to be relatively
stabl e under some wave action because the
breakwater will not elinminate all the inci-
dent waves, especially the long wavelengths.

Design factors

Tolerance to foundation settlement: Good. The breakwater design
does not depend on bottom
condi tions except as the
bottom affects anchor enbed-
ment .

Tidal effects: Moring lines should have enough extra line to
prevent the breakwater from being submerged at
high tide. Also, the anchor line should have
sufficient slack to maintain the proper cantenary
consistent with the type of anchor used.

Effective wave height: Since the breakwater nust be about twice
t he design wavel ength to obtain 50% wave
attenuation, the breakwater is most useful
and economnical in areas where the predom -
nant wavelength is relatively short.
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Anchors: The breakwater anchor will depend on the bottom condi-
ditions and the pulling stresses. The type of anchor
used could vary fromfront to back (see NAVFAC DM 26
for anchor design information).

Per manence:

a  Structural life: (Rating: nedium) Tires provide an ideal
surface climate for plant growh and,
thus, require renpval at |east once a
year or the'breakwater may sink fromthe
addi tional weight of the growth. The
tires will last indefinitely but any
connecting line will have a life of 2
to 10 years depending on the type of
l'ine used and the environment the break-
water is placed in.

Renoval : (Rating: | ow) The breakwater can be easily towed
from one site to another. Renoval of anchorage
system may be nmore difficult but generally it
could be abandoned.

|

costs : Low. Tires are usually available at very small or no cost.
However, the |abor of assenmbling a structure can be high
and the anchorage system required may be expensive to
install.

Remar ks

Floating tire breakwaters are nore effective in | ow wave
climtes with short wavelengths. For effective wave attenua-
tion the breakwater should be as wide (B in figure) as twce
the wavelength. Also, the aquatic growth on the breakwater
should be renoved once a year.

1=

Two basic tire configurations are possible: the Goodyear
modul e design (see Candl e and Fischer, 1977) which uses 18
tires to forma nodule 6.5ft x 7 ft x 2.5 ft, or the "Wave-
Maze" which is patented with Mrgan Nobl e of Dames & More.
(see Noble, 1969).

¢. The nost useful application of floating breakwaters would be
to reduce the wave heights at a site until the marsh has a
chance to becone established.

jo
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