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ISSUE: SUMMARY:

A variety of mechanisms have resulted in the Hovercraft transport and distribution of dredged
loss of coastal wetlands. Thin-layer disposal of material in wetlands appears to be technically
dredged material has been proposed to maintain feasible, although modification of hovercraft
and restore wetland areas. Transport of this design would be required, and the method is as
material into wetlands areas is problematic due yet untried. Limited load capacity of hovercraft
to the sensitivity of the wetland environment, coupled with high capital, operating, and main-
Hovercraft transport and distribution of dredged tenance costs, results in high unit transport costs
material has been proposed as an environmen- when compared with conventional transport
tally acceptable alternative to conventional methods. Environmental justification for this
transport methods. higher cost alternative was not evaluated be-
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Conversion Factors,
Non-SI to SI Units of Measurement

Non-SI units of measurement used in this report can be converted to SI
units as follows:

mumt*l BY To obtain

ars 4,046.873 square motors

cubic teet 0.02831685 cubic meter

cubic yards 0.07645548 cubic motors

foM 0.3048 meter

inche 2.54 cent~meteors

kno (Internatlonal) 0.5144444 meters per second

Mile (U.S. statute) 1.609347 kilometers

pounds (mass) per squar foo 4.88248 kilograms per square mete

pounds (force) per square, Inch 8.894757 klopascals

square mkss 2.589M9 square kilometors

lons (force) per square foot 95.70= kdlopascals

Ions (2,000 pounds, mass) 907.1847 J kilograms

x



Summary

The loss of coastal wetlands has stirred interest in innovative methods
of maintenance and restoration. Channelization of large river systems has
inhibited the deposition of sediment and organics that naturally occurs dur-
ing high water events, and artificial means of replacing wetland soils lost
to subsidence and anthropogenic damage have been proposed.

Thin-layer dredged material disposal has been suggested as a potential
source of sediments to counteract the loss mechanisms. It has been sug-
gested that even wetlands that have reverted to open water could be re-
claimed if sufficient volumes of dredged material were available.

The principal obstacles to implementation of a program to counteract
wetlands loss are cost and environmental effect. Federal dredging proj-
ects are constrained by cost in selection of disposal alternatives. Further,
wetlands are very sensitive areas, sustaining damage from traffic, which
in itself exacerbates the problem. Adaptation of existing hovercraft tech-
nology to provide an environmentally sensitive means of transporting and
distributing dredged material has been proposed. The relative capital and
operating cost of the proposed "hoverbarge," the technical feasibility of
the concept, and the expected environmental effects of thin-layer disposal
and hoverbarge traffic are the principal areas of concern.

The purpose of this study is to examine the technical feasibility of the
proposed hoverbarge concept, and to estimate the cost relative to other
means of dredged material transport and distribution. Limited informa-
tion is available concerning the effects of hoverbarge traffic over wetland
areas. This study does not attempt to address environmental effects or po-
tential environmental justification of the hoverbarge concept except to
present the conclusions of previous, limited studies.

The technical feasibility analysis was based on consideration of stan-
dard dredging practices and engineering judgement. A prototype of the
proposed hoverbarge has not been developed; capital, operating, and main-
tenance costs for such an operation can only be roughly estimated based
on other hovercraft applications currently in use. Economic analysis then
defines a range within which hovercraft transport costs could reasonably
be expected to fall, but does not represent a definitive cost estimate. The
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hoverbarge concept was compared with conventional barge transport and
pipeline delivery in the economic analysis.

The outcome of this study indicates that from a technical perspective,
hovercraft transport and distribution of dredged material appears to be fea-
sible. Logistically, hovercraft suffer from certain constraints, the most sig-
nificant being the limited load capacity. This has a direct bearing on the
economics of the concept, which appears to be more expensive than other
alternatives available for dredged material transport and distribution. A
final consideration, the ultimate environmental cost of each alternative,
was not addressed here because of lack of information and the constraints
of the study.
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1 Introduction

Background

Conditions in coastal Louisiana were utilized as the basis of this report.
Information was readily available pertaining to wetlands losses for this
area and dredging operations for the U.S. Army Engineer District, New Or-
leans. This historical data facilitated a "real world" analysis with respect
to overall scale, volumes, and distances.

Significant losses of coastal wetlands have occurred in Louisiana, and
the present rate of depletion is approximately 25 square miles' annually.
The erosion and subsidence responsible for these losses are largely due to
the combined effects of oilfield development and other human activities;
the channelization of major rivers that were once a source of mineral sedi-
ments, organics, and freshwater; sea level rise and saltwater intrusion; and
compaction of sediments (Louisiana Coastal Wetlands Conservation and
Restoration Task Force 1993).

Introduction of sediments from dredging operations could counteract
the mechanism of subsidence in existing wetlands and restore wetlands
that have reverted to open water. The technical difficulties of this concept
are fairly obvious. Wetlands are very sensitive to traffic, and existing
technologies capable of delivering adequate amounts of sediment and
water would themselves exert stresses on the wetland environment.

It has been proposed that hovercraft might successfully be adapted to
this purpose, with less negative impact than more conventional methods of
transport. Under the Energy and Water Development Appropriation Bill
for FY 1993, the Corps of Engineers was directed to "assess the feasibility
of using large hovercraft to transport and distribute dredged sediment in
coastal wetlands." A multidisciplinary team was assembled to conduct an
initial feasibility study and make recommendations regarding the direction
and emphasis of future action.

A table of factors for converting non-SI units of measurement to SI units is presented on page x.
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Purpose and Scope

The purpose of this report is to address the feasibility of the use of hov-
ercraft for transportation and distribution of dredged material for wetland
restoration. This initial feasibility study addresses two principal con-
cerns: economics and technical feasibility. The current status of hover-
craft technology was investigated through a review of literature,
operational records of military hovercraft, industry records, and industry
technical information. Conventional methods and costs of transporting
and distributing fresh water and sediments were investigated. Potential
hovercraft/dredging operation "interfaces" were examined and the relative
costs of each alternative quantitatively evaluated.

2 Chapter Introducton



2 Areas Affected and
Requirements for Marsh
Restoration

Geographic Areas Needing Restoration

Most of the coastal Louisiana wetlands in need of restoration are saline
and brackish marshes within about 50 miles of the Gulf of Mexico. Vig-
ures I and 2 illustrate the relative areas of concern and the distribut, . of
freshwater and saltwater marshes.

I a n
I
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Q Ut F O M E Xi0 0 
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Figure 1. Distribution of wetlands loss 1958-1978 (Louisiana Coastal Wetlands
Conservation and Restoration Task Force (1993) citing Templet and
Meyer-Arendt (1988))
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Figure 2. Distribution of freshwater and saltwater marshes (Louisiana Coastal Wetlands
Conservation and Restoration Task Force (1993) citing Chabreck and
Linscombe (1978))

Requirements of a Restoration Effort

Wetland development efforts can essentially be either stabilizing (nour-
ishment) or restorative. In stabilizing a wetland, enough water, minerals
(soil matrix), and organics are introduced, in a process called "thin-layer
disposal," to counteract ongoing subsidence and maintain plant life. In
restoration, significantly higher amounts of mineral sediment are intro-
duced to convert wetland areas that have reverted to shallow open water
to a substrate capable of supporting wetland plant life. The nature and
amount of material needed will be site specific.

The initial effect of thin-layer disposal may be to kill all surface vegeta-
tion. This may be due to the large amounts of water required for slurry-
ing, rather than the imposed burden of the dredged material itself. Two
growing seasons are typically required for complete recovery (Wilbur, In
Preparation). The degree of effect, however, will be a function of the
depth of the layer applied, the subsequent change in elevation, resulting
consolidation of substrate, changes in soil characteristics, and the type of
vegetation initially present.

4 Chapter 2 Areas Affected and Requirements for Marsh Restoration



Studies of thin-layer disposal sites in North Carolina and Louisiana in-
dicate that full recovery did occur for these sites, which received applica-
tion of sediments at depths ranging from I to 20 cm (0.4 to 7.9 in.)
(Wilbur 1992). Earlier studies also indicate that layers of up to 23 cm
(9 in.) can be applied under appropriate conditions with little or no perma-
nent adverse affect (Reimold et al. 1978). Depths in excess of this or the
presence of high sulfide concentrations and hypoxic conditions can result
in mortality of root mass and rhizomes from which the vegetative layer
will not recover (Wilbur, In Preparation.)

The ultimate elevation of the marsh relative to tidal fluctuation is criti-
cal to the reestablishment of marsh vegetation. Elevations exceeding the
upper range of tidal influence will typically recolonize with upland spe-
cies. Elevations near or below marsh plant tolerances will have limited,
probably temporary, benefits.' The optimum depth of sediment placement
will therefore be a function of tidal elevations, consolidation expected in
response to additional overburden, types of vegetation indiginous or to be
established, and frequency of application. The response of other living or-
ganisms in the wetland must also be considered.

The rate of subsidence in coastal Louisiana wetlands varies with geo-
graphic location and the age, lithology, and thickness of geologic deposits.
Subsidence rates range from 0.2 cm per year to approximately 1.0 cm per
year.'

In the Louisiana delta areas, maintenance nourishment requires a mini-
mum of 0.2 g sediment per square centimeter of subsiding marsh surface
per year, assuming a worst case subsidence rate of I cm per year
(0.2 g/cm 3 lost) (Woodward-Clyde Consultants (1991) citing DeLaune et
al. (1979) and Penland and Ramsey (1990)). In English units, this would
be 0.4 lb per square foot for a subsidence rate of .4 in. per year, or 12 lb
per cubic foot lost. Assuming half of this amount is replenished naturally,
0.1 g/cm 2 (0.2 lb/ft2) must be supplied artificially, which is equivalent to
10 metric tons dry sediment per hectare (9,000 lb dry weight per acre)
(Woodward-Clyde Consultants 1991).

Restoration requires much more material. Significant material buildup
may be required in areas along the edge of the marsh to restore elevations
and allow plants to become reestablished. Areas with an average depth of
70 cm water (27.6 in.) would require a one-time input of approximately
7 million lb dry weight per acre (700 times that required for maintenance).
The actual application rate varies, however, with depth of water and type
and degree of consolidation of foundation materials underlying the area to
be restored (Woodward-Clyde Consultants 1991).

SPeadm C=mUm=cwl, Juwary 13,1994, Dr. Robert E. Stewrt, Jr., Director, Naional
Walad Rarch Cent, Laayeft LA.
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Total annual sediment needs will depend upon the scope of the mainte-
nance and restoration effort attempted. There are 2.5 million acres of
coastal wetlands remaining in Louisiana. Based on the above assump-
tions, it is estimated that 10 million m3 (approximately 13.1 million yd 3)
of mineral sediments would be needed annually to maintain the existing
wetlands and 70 million m3 (91.6 million yd 3) to reclaim 10,000 ha
(25,000 acres) per year (Woodward Clyde Consultants 1991). This would
be a total annual requirement of 80 million m3 (104.6 million yd 3) to
achieve the ultimate goal of "no net loss of wetlands" for the coastal Loui-
siana region (over a period of approximately 20 years).

6 Chapter 2 Areas Affected &d Requremnt for Marsh ReetoraWn



3 Dredging Operations in
Southern Louisiana

Location and Volume

The U.S. Army Corps of Engineers New Orleans District maintains a
number of navigation projects within coastal Louisiana, including the
lower reaches of the Mississippi, Atchafalaya, and Calcasieu Rivers. Ap-
proximately 235 million yd 3 of sediment are dredged from Federal pro-
jects annually. Approximately 83 million yd3 of this total volume is
removed from various reaches of the navigation channels in coastal Louisi-
ana (average annual volume, New Orleans District, 1983-1992, hopper
and pipeline dredging).' This material is a potential resource for nourish-
ment and restoration of the marsh. For purposes of this evaluation, it is as-
sumned that both predominantly sandy and predominantly fine-grained
dredged material from navigation channels could be effectively used for
marsh nourishment. However, sandy material may not be able to sustain
plant life.

Dredging operations in southern Louisiana are typically conducted in
the spring and summer months, particularly April, May, and June.
Dredges operate 22 to 24 hr per day during this time.

Equipment

Dredging in coastal Louisiana is usually accomplished using hydraulic
pipeline dredges and hopper dredges. Agitation dredging also makes up a
significant fraction of the total dredging volume.2 There is little mechani-
cal dredging associated with large navigation projects.

1 PWWoul Conmrmlvoat, June 1993, Linda Mlatiem, U.S. Army Engineer District, NewOrb=.
2 Permol Coamnlcadm, 1o May 1993, Cliff Dominey, U.S. Anny Engineer District. New
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Pipeline dredges are essentially centrifugal pumps mounted on floating
barges. These dredges hydraulically remove sediment from the channel
bottom and pump sediment/water slurry through a pipeline to a disposal lo-
cation. The production rate or volume dredged per time varies with the
pump size, and these dredges are normally designated by their effluent
pipeline diameter. Pipeline dredges used in larger navigation projects
vary from about 18 to 28 in., with corresponding discharge flow rates
from 26 to 64 cfs. The slurry produced by pipeline dredges has a solids
concentration of 100 to 150 g/L.

Hopper dredges are essentially seagoing ships with dredge pumps and
storage compartments or bins (hoppers). The sediment is hydraulically re-
moved from the channel bottom using a trailing dragarm, and the material
is pumped into the bins for storage. Once filled, the hopper dredge sails
to a desired disposal location, and the material is usually released from
the bins through a split-hull or bottom-dump mechanism. The slurry enter-
ing the bins is similar to that produced by a pipeline dredge. Filling is
sometimes continued past the point of overflow to increase the density of
material in the hopper prior to transport. Hopper dredges typically take
about 30 min to fill and can release a load by opening the hoppers in a
matter of a few minutes. The cycle time between loads depends on the dis-
tance from dredging area to disposal area. Hopper dredges are sometimes
equipped with a pumpout capability to allow material from the hoppers to
be hydraulically off-loaded to a desired disposal area. If the hopper has
been overflowed during filling to increase the load density, water can be
introduced back into the hopper by jets to allow the material to be pumped
out. The time required for pumpout may be an hour or more.

In some channel reaches, agitation dredging is achieved by hopper
dredges in an agitation mode. Sediments are resuspended and allowed to
move downstream with the current.

Disposal Practices

Disposal practices vary by project and by specific reach of the project
being dredged. Some of the material, especially that dredged from open
Gulf reaches, is usually dredged by hopper and carried to open Gulf dis-
posal sites adjacent to or near the channels. Material in the upper reaches
of the channels is usually dredged by pipeline dredge. Some of the mate-
rial is now placed on the marsh by-pipeline for purposes of nourishment.
Some of the fine-grained material from upper reaches is placed in con-
fined (diked) disposal facilities (CDFs). In some reaches, material is
merely dredged from the navigation channel and placed in adjacent areas
of the river (within banks disposal). Disposal sites are typically within 2
to 3 miles from dredging locations for both hopper dredges and for pipe-
line disposal.

8 O rer 3 Dredg Opations In soutwm ouisina



4 Hovercraft Technology

Existing Technology

The hovercraft, as the name suggests, is a vehicle that moves over the
surface of land or water on a cushion of air, in effect, "hovering." It is
also referred to as an air-cushion vehicle (ACV). A typical hovercraft is
shown in Figure 3. Hovercrafts employ gas turbines or diesel engines
driving fans to generate large volumes of air that are discharged beneath
the craft for lift and behind the craft for thrust. The power split is typi-
cally one-third lift to two-thirds propulsion. The air cushion exerts fairly
low pressures, typically less than I psi. Stability problems can occur if
the cushion pressures exceed this value.'

The controlled release of air is governed by the type of skirt attached to
the periphery of the craft between the deck and the water or ground. Hov-
ercraft may be designed for aquatic use only (rigid skirt) or amphibious ca-
pability (soft skirt). Both types of craft will float and can have
conventional props, water jets, or externally mounted fans to provide hori-
zontal thrust in addition to, or in place of, air channeled from the lift tur-
bines or fans.

The LACV-30 (Lighterage Air Cushion Vehicle) is a 30-ton capacity
hovercraft. The Department of the Army, 1 I th Transportation Battalion
(TML), Fort Story, VA, maintains a fleet of these vehicles. A larger hover-
craft, the 75-ton capacity LCAC (Landing Craft Air Cushion vehicle), is
currently in use by the United States Navy. The C7 is a 4-ton capacity
light cargo/passenger hovercraft, proposed by Textron Marine Systems for
use as a prime mover for a 100-ton capacity hoverbarge.

Itsond Comminicao, 27 April 1993, Texton Marine Systems, New Orleans. LA.
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Utility for Dredged Material Transport

Modifications to current hovercraft design would be necessary for ef-
fective transport and handling of dredged material. Current designs have
been oriented toward speed as well as payload capacity. Speed is not a
major consideration for dredged material transport, and excessive speed
during transport would be undesirable from the standpoint of load stabil-
ity. The major consideration would be effective loading/unloading capa-
bility and efficient and stable transport of large payloads in a watertight
compartment or bin.

It is unknown what effect bulk fluidized cargo may have on maneuver-
ability and stability. Hovercraft are sensitive to the distribution of cargo,
which must be loaded over the center of gravity. Baffling of the cargo
compartment may satisfactorily address this issue. Fort Story personnel
report some trim and balance problems when underway with certain load
types. In addition, there is some concern that cargo composed of loose
material might be ingested into the engine intakes, lift fan, or propellers.
This could be addressed by cargo covers of some type if necessary.

Load Capacity

It is believed that the present maximum load capacity of hovercraft
available domestically is that of the LCAC-approximately 75 tons. How-
ever, Sikora (1988) makes reference to an ACT-100, a 100-ton payload
hovercraft that was developed for and utilized in oil and gas drilling opera-
tions in the Arctic in 1971. To date, the maximum load capability that has
been developed worldwide is about 250 tons (Russian hovercraft). At the
present state of the technology, 300 tons is thought to be the maximum fea-
sible design load. Experience with LACV-30 hovercraft at Fort Story, VA,
suggests that actual working capacity may be somewhat less than design
capacity. The LACV-30 is rated to carry a working load of 30 tons. It has
been successfully utilized at Fort Story to carry a maximum of about
21.5 tons, approximately 72 percent of design capacity.1

Potential Sources of Hovercraft

There are a number of companies listed domestically as suppliers of
hovercraft. A partial listing can be found in Sikora (1988). An attempt
was made to contact each of the companies listed therein. Only two
viable contacts were made: Textron Marine Systems, New Orleans, LA,

I NnumiuMa 18 May 1993, st L. Joseph Codeto, 11thTnmspomadon Baalion
(IAL), Fot Sfty, VA.
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and Hover Systems, Inc., Eddystone, PA. Textron Marine Systems now ac-
tively manufactures hovercraft, with the capability of producing one craft
approximately every 5 weeks. There are presently a number of LACV-30
and LCAC hovercraft in military (Army and Navy) inventory, and other
models in commercial use.

12 Chapter 4 Hovercraft Technology
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5 Logistical Considerations
in Hoverbarge Operation
and Dredge/Hoverbarge
Interface

Adaptation of present hovercraft design to a hoverbarge configuration
would be required to accommodate large bulk payloads of dredged mate-
rial. The hoverbarge proposed for use in wetlands nourishment would be
an amphibious vehicle. It would float in the manner of a conventional
boat or barge and move through the water under tow. It could also be
equipped with a conventional screw drive, or air diverted from the cush-
ion to produce horizontal thrust. However, it is anticipated that the most
economical barge would have lift capability only (to maximize load capac-
ity), and would be transported over water by a conventional tug (prime
mover-tug), and over marsh or land by another ACV equipped for the
purpose of towing (prime mover-ACV).

In applications where high speeds are not required, the power split
could be optimized for the primary functions of the barge (lift) and prime
mover (propulsion), respectively. Less power may be required for propul-
sion at lower speeds, with possible higher economy of operation realized,
although high speed hovercraft achieve greatest fuel economy when oper-
ating in excess of hump speed (the speed at which the craft is moving
ahead of its own wake).

To perform a feasibility analysis of the technical and economic aspects
of hoverbarge operation, the logistical requirements of the hoverbarge
must be evaluated. The manner in which the hoverbarge will be loaded
(mechanically or hydraulically) and modifications to the cargo area must
be considered. In addition, the potential "interface" with a conventional
dredging operation must be defined. The respective capacities of the pro-
posed hoverbarge and conventional dredging equipment must be exam-
ined, and the most feasible point of loading and use determined.
Unloading alternatives must be addressed.
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Hoverbarge Loading

For purposes of this evaluation, the only source of material for even-
tual transport to marsh interiors via hoverbarges is assumed to be limited
to material generated by dredging operations from navigation channels.
Because dredging in coastal Louisiana is by hydraulic equipment, hydrau-
lic loading of hovercraft is assumed if the hoverbarge is to be loaded at
the dredging site. Loading could be either hydraulic (pumps or portable
dredge) or mechanical (loader and conveyor) if the hoverbarge is to be
loaded from a remote sediment holding facility. However, to achieve suffi-
cient dewatering of sediments to allow mechanical loading, a large storage
area providing long retention times would be required. This would be fea-
sible if sediments were to be taken from an existing CDF, and would elimi-
nate uneconomical transport of water. The sediments could be reslurried
for off-loading and distribution at the restoration site.

If the slurry delivered to the hoverbarges is primarily sand, the payload
of solids loaded into hoverbarges could be increased by continuing to
pump past the point of overflow. This is a common practice during dredg-
ing operations for both hopper dredges and for barges filled by hydraulic
dredges. If the sediments being loaded are primarily fine-grained silts or
clays, the increase in payload by overflowing the hoverbarges would be
minimal, as the fines wash out with the overflow and little or no consolida-
tion of the load is achieved. Water quality impacts associated with over-
flow must also be considered.

Another consideration regarding overflow is the desirability of densify-
ing the load from the standpoint of ease of placement. Slurried materials
transported in the hoverbarges at the same water content as hydraulically
loaded might feasibly be released through a bottom opening and spread
with the action of the air cushion. More densified loads, especially of
sandy sediments, may be more difficult to release and spread. Additional
water would have to be obtained at the off-loading area to reslurry densi-
fied loads if hydraulic off-loading were to be utilized.

Hoverbarge Bins

Since the dredged material loaded into the hoverbarges would be either
a slurry or dry bulk sediment, the major required modification to current
hovercraft design would involve a redesign of the cargo or payload area
into a configuration similar to dry cargo or dredged material barges.

The cargo area would therefore have to be designed as a watertight con-
tainment bin, like a bathtub, with continuous sidewalls and bottom. Mate-
rials could be off-loaded hydraulically using pumpout machinery, through
controllable openings in the sidewalls, or through controllable openings in
the bottom.
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The volumes of material required to nourish the marsh are large; there-
fore, the size of the payload for a hoverbarge should be as large as practi-
cable. The limiting payload size is assumed to be 300 tons, based on
discussions with manufacturers. Even though some of the payload require-
ments would be consumed by necessary features for handling or off-
loading, the 300-ton figure is used here for purposes of defining approxi-
mate size.

Dredged slurry is categorized according to specific gravity (unit weight
of solids (W./V.) divided by unit weight of water (W IVw)), dry density
(equivalent to weight of solids over total volume (Ws/V 1)), bulk density
(the sum of the weight of solids plus the weight of water divided by the
total volume), and concentration (weight of solids divided by total vol-
ume). Assuming a specific gravity of 2.65, dredged slurry hydraulically
loaded into hoverbarges from a dredge discharge pipeline having a slurry
concentration of 100 to 150 g/L will have a bulk density of 1,062 to
1,100 g/L (66 to 70 lb/ft3). This is a fairly typical value for fine sedi-
ments. Sand slurries will typically have a concentration of 200 to 300
g/L. If the hoverbarge is overflowed during filling, the wet weight of the
material may be increased, depending on the grain size and nature of the
material.

A bulk density of 90 lb/ft3 (1,442 g/L), representing a slurry concentra-
tion of approximately 700 g/L, is used here as an average value for sedi-
ment consolidated by overflow, for purposes of defining the approximate
bin capacity required. A 300-ton payload at 90 lb/ft3 corresponds to a pay-
load volume of approximately 6,500 ft3 (247 yd 3) of slurry. The volume
of solids delivered in this load would be only 65.2 yd 3 (at 700 g/L,
0.264 yd3 solids are delivered for every I -yd 3 slurry). Assuming a final
void ratio of 0.8, the consolidated (delivered and drained) volume (of
6,500 ft3 or 247 yd 3) would be approximately 1 7 yd 3.

Freshly dewatered sediments contained in a holding area would still be
too fluid to handle by mechanical means, and would be loaded by means
of pumps or a portable dredge. Freshly dewatered sediments of mixed
composition will have a concentration of approximately 700 g/L, which
corresponds to the consolidated hydraulic loading assumptions stated
above for volume and yield. Freshly dewatered fines at a concentration of
300 g/L will have a bulk density of approximately 1, 187 g/L and will yield
approximately 0. 113 yd 3 solids per cubic yard slurry.

Sediments that could be mechanically loaded would have a concentra-
tion in the range of 1,000 g/L. For a 300-ton load, this would correspond
to 220-yd 3 wet sediment, with a placed, consolidated volume of 149 yd3,
assuming a final void ratio of 0.8.

The relative volumes of slurry to consolidated, placed dredged material
are given in Table I for the three load cases that will be considered in this
document: 300 tons, 150 tons, and 100 tons.
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TaWO 1
Relative Volumes of Slurry to Placed, Consolidated Dredged
Material

Hydramuey Loaed M Me kaly Loaded MfM

Vulume VokmmdVue. C W

100 ons 82.3 39.1 73.3 49.7

150 ton 123.5 58.7 110 74.7

3W tno 246.9 117.4 220 140.2

The overall off-cushion (stationary or floating) size of the 75-ton capac-
ity hovercraft now in production by Textron Marine (the LCAC) is 43.67
by 81 ft. The on-cushion dimensions are 47 by 87.92 ft. The payload area
is roughly 25 by 70 ft. The light ship displacement is 205,318 lb. With a
300-ton payload (600,000 Ib), the cushion pressure for this craft would ex-
ceed I psi. A larger cushion area (and consequently larger deck area)
would be required to maintain cushion pressure at or below I psi for this
payload.

For the purposes of this analysis, dimensions of 30 by 70 ft are as-
sumed for the payload bay. The depth of filling for a 300-ton payload of
dredged material with a density of 90 lb/ft3 is then approximately 3 ft.
The actual depth of the payload bay should be higher to allow for lighter
density slurries and for shifting of the load during movement; say 6 ft.

Hoverbarge/Dredging Interface

The relative capacities of conventional sediment dredging and transport
equipment utilized in this analysis are compared with the capacity of the
proposed hoverbarge in Table 2 (based on the maximum estimated load ca-
pacity for the hoverbarge and the corresponding volumes for solids and
slurry transport). The differences noted here will be a significant factor in
the manner in which a hoverbarge might be interfaced with a conventional
dredging operation.
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Tle 2
Relative Capacites of Sediment Dredging and TransportEqu xnnt

Hopperdn i. 4,000 to 8,000 Yd3  500 to 2.000 ydr ."

R~ rdge -pPO* WA 3,500 to 8.500.d3 (slurry)
diohage - 1 to 24 In. (26 to 486 yO"h (soft))
64dm. lSO 10 Lmdumnt)

3004ono hoaerge 220 to 247 yd3  A

U.S. Any Corp of En m (1003).

Given the rate and volume of sediment typically dredged in the New Or-
leans District, it is apparent that a fleet of several hoverbarges would be
unable to transport and distribute the entire production of a normal dredg-
ing operation. Other means of transport and disposal would also be re-
quired. The following alternatives exist:

* Divide the flow from the dredge between the hoverbarge and
conventional transport equipment (barge or pipeline) at the dredging
site.

o Utilize conventional barges, pipelines, or a hopper dredge to
transport the sediments to a hovercraft loading site convenient to the
restoration site, and load the hovercraft directly from these.

* Utilize conventional transport methods to deliver the sediments to
an existing CDF, and transport by hovercraft from there to the
project site.

* Utilize conventional transport methods to deliver the sediments to a
strategically sited holding facility, constructed to provide a
minimum operating reserve for the hovercraft, transporting by
hovercraft from there to the project site.

The hovercraft could be loaded directly from the dredge discharge or
from larger capacity conventional transport equipment used to "capture"
the sediments as they are produced, but there are several disadvantages to
this alternative. Direct loading of hovercraft from the dredge discharge,
barge, or hopper dredge creates an uneconomic interdependence of the
two operations, making one operation subject to delays in the other and in-
troducing expense for standby time of transport or dredging equipment
during unloading operations. If the dredging operation calls for open-
water disposal, sediments that cannot be utilized by the hovercraft will be
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lost to beneficial use. Some type of interim storage is then indicated to
allow dredging to proceed at a normal pace and to maintain an adequate
supply of sediments for restoration activities. Use of existing CDFs or
construction of a smaller holding facility would appear to be the most fea-
sible alternatives.

For the purposes of the economic analysis, hydraulic or mechanical
loading of sediments from an existing CDF or from a smaller, confined
holding facility is assumed. Hydraulic loading of hovercraft from the
dredge discharge will also be examined to establish the relative costs for
the use of conventional equipment versus hovercraft for overwater trans-
port. Hoverbarge transport over land or marsh will be compared with pipe-
line delivery costs.

Hoverbarge Unloading

Hydraulic offloading

The weight of pumps and attendant equipment must be considered in
the payload and space requirements if hydraulic off-loading of slurry is
pursued. There would also be a requirement to pump additional water
from the off-loading site to "jet" and reslurry settled materials. A varia-
tion of this alternative would be to place pumpout equipment on board a
dedicated hovercraft that could be used to service several transport craft
that carry the material. The pumpout craft would be equipped with a
snorkel-type arrangement similar to dredged material barge pumpout
plants.

Sidewall opening requirements

Off-loading through sidewall openings would involve a controllable
gate or gates. If the overall design of the hoverbarge is similar to existing
self-propelled hovercraft, the gates would logically be in the front of the
craft. If towed craft are used, location of the gates in the sides or rear
may be possible. If the overall dimensions of the hoverbarge bin are 30
by 70 ft, these gate openings should be on the order of 10 to 15 ft wide to
allow easy off-loading. The opening mechanism would require added ma-
chinery with payload requirements. With sidewall release, there would be
no need for off-loading pumps, but there should be provisions for an on-
board jet to wash out settled material. This would be a necessity if sandy
material was transported.
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Bottom opening requirements

Direct bottom release of material from the hoverbarge is also a possibil-
ity. This option would require a controllable bottom gate or gates that
could be opened into an adjacent recess within the hull (like a pocket slid-
ing door), or a hinged gate that could open downwards. The hull design
and mobility requirements of the craft would have to be considered from
the standpoint of available bottom hull space for the dump aperture or
from the standpoint of required clearance. Considering overall dimen-
sions of the hoverbarge, these bottom gate openings should be on the
order of 10 to 15 ft square to allow easy off-loading. The opening mecha-
nism would also require added machinery with payload requirements.
There would be no need for off-loading pumps, but there should be provis-
ions for an onboard jet to wash out settled material, similar to that men-
tioned for the sidewall release option.

Mechanical offloading

Mechanically loaded sediments will be too dry to off-load hydrauli-
cally without reslurrying. Another alternative would be to auger the sedi-
ments from the bin and mechanically broadcast them in thin layers from a
moving hovercraft. Simple mechanical equipment such as this could po-
tentially represent the most economic means of off-loading.

Considerations for hoverbarge spreading

Regardless of whether the material is off-loaded by hydraulic pumping,
sidewall gates, or bottom gates, it can be assumed that material off-loaded
as a slurry would tend to be deposited in relatively thin layers. It might
also be effective for the hoverbarge to pass over the area of material re-
lease to allow the air cushion to assist in spreading the material in a thin
layer. Dryer sediments could potentially be augered from the bin and me-
chanically broadcast.

Excessively thick sediment layers can have a permanent adverse effect
on marsh vegetation. The exact thickness that the marsh will tolerate is
dependent upon the type of vegetation present. The addition of overbur-
den may also contribute to further subsidence due to consolidation of foun-
dation materials. This will present a technical limitation in the feasibility
of off-loading sediments by dumping.
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6 Environmental
Considerations of
Hovercraft Operation

A serious concern is the effect of hovercraft traffic on the integrity of
the marsh. Long-standing oilfield operations provide ample evidence of
the detrimental effects of repeated passes from marsh buggies and other
vehicles adapted to use in the wetland, as illustrated in Figure 4. It ap-
pears that the low cushion pressures of the ACVs would have potentially
less damaging effects in moving in and out of the wetland and could elimi-
nate the need for crews and equipment to place, move, and maintain pipe-
lines for sediment distribution. The U.S. Navy conducted studies on the
environmental impact of Amphibious Assault Landing Craft (AALC)
(Planning Systems Incorporated 1984). Overwater operations resulted in
generally minimal, temporary impacts. Overland operations involved
"short term damage to vegetation, shearing of dune crests, and displace-
ment of unconsolidated sand." Shearing of some vegetation did occur, but
typically root systems were not damaged except where they existed on
loose, unconsolidated soils.

Textron Marine Systems has maintained photographic records of marsh
areas that have been repeatedly crossed during testing of newly manufac-
tured hovercraft. An area such as this exists near the Textron manufactur-
ing plant in New Orleans. Slight discoloration of marsh grasses and
plants was noted, but obvious plant death and subsequent land subsidence
was not evident by cursory inspection from the hovercraft. Table 3 and
Figures 5-8 give corresponding photographic and archival records of
marsh crossings (courtesy Textron Marine Systems) that reflect the effects
of repeated hovercraft passes over time. This evidence is extremely lim-
ited, however, and does not represent a definitive study.

Distribution of the quantities of sediment discussed in this report will
require a much higher magnitude of traffic, given the high density of
dredged material and the limited volumetric capacity of the proposed
hoverbarges. The potential effects of this must be further evaluated and
consideration given to siting of loading and unloading operations so that
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Figure 4. Marsh buggy tracks, Grand Bayou Blue, Latourche Parish, LA (photo courtesy
Dr. Walter B. Sikora, Sikora (1968))

traffic is minimized. Regeneration of travel corridors may be an attendant
requirement of such an operation. In this case, the comparative benefits
of utilizing hovercraft instead of dedicating a pipeline corridor may be
minimal.
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7 Cost Analysis

Transport unit costs for dredged material are typically a function of the
volumes of sediment being dredged, the density of the material being
transported, the distances involved, the rate at which material is dredged,
and the corresponding capacity of the transport equipment utilized. The
cost of the transport component of a dredging operation is sometimes diffi-
cult to separate from the cost of the dredging activity, as in the case of
hopper dredges in which the dredge serves both functions.

Conventional transport costs are well documented and can be devel-
oped with reasonable confidence for this analysis. Since a prototype of
the hoverbarge has not yet been developed and tested, actual data for ac-
quisition, operation, and maintenance costs of such a vehicle are not avail-
able. To perform a preliminary economic feasibility analysis, cost data
from hovercraft developed for other applications were used to estimate ex-
pected costs for the proposed hoverbarge. A budgetary estimate for a 150-
ton capacity hoverbarge was also obtained from Hover Systems, Inc. The
results of the cost analysis that follow represent at best a range within
which actual costs could reasonably fall, but do not necessarily represent
a definitive cost estimate.

Dredging and transport equipment may be government owned and oper-
ated, government owned and contractor operated, or contractor owned and
operated. This is largely influenced by two factors: the profit incentive
for private industry to maintain capital equipment in a competitive, bid-
based market and existing government policy to utilize contracted services
whenever possible (Souder et al. 1978).

Usage costs for equipment will be based upon essentially the same fac-
ton, whether privately or government owned. Capital cost, useful life and
salvage value of the equipment, cost of money, and annual months of ac-
tive use will determine an effective monthly usage cost (ownership cost).
Cost of labor to operate the equipment, maintenance, and fuel or energy
usage are additional cost factors (operating expense). In addition, indirect
costs or overhead will be factored in as will profit for contracted equip-
ment or services.
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Labor and ownership costs for pipelines and booster stations operated
in conjunction with a dredging plant have been developed in the Corps of
Engineers Dredge Estimating Program (CEDEP). Long distance transport
costs for several transport alternatives were developed in Souder et al.
(1978). Pipeline and barge transport of sediments from a CDF, including
loading and unloading operations, are of primary interest here.

Hovercraft Specifications

Table 4 gives preliminary specifications for the proposed 300- on
hoverbarge. These are compared with specifications for the LCAC, the
LACV-30, and the C7 hovercraft.

Tab 4
Comparison of Hoverbarge Specifications to LCAC, LACV-30,
andC7

e ll LCAC LACV-=O C7 HWsbeg 1

MW*MtMbWi~a~ 60 1075 to" 2510 30 tons 4toWe 300 t"n

Volumelc capa 49 to 62 y& 21 to 25 yO 3 yd' 247 yd3

Operain or cruie "peed 40 knobe 40 knot 35 mats 8 kno

Amurod v~
* For suf ed * m g1 matka with dendst of go W, bamd on ma mm merar. Towin

1 3 knot1.151 mph.

Capital Costs

Projected capital costs for the 300-ton hoverbarge were unavailable.
The initial capital cost for a C7, an LCAC, a LACV-30, and the budgetary
cost estimate for a 150-ton hoverbarge are given in Table 5. Cost per ton
capacity developed here is intended to.roughly define a range within
which hoverbarge costs would be expected to fall. Both the LCAC and
the LACV-30 were developed for other high speed applications and incor-
porate sophisticated equipment not required for a hoverbarge. Load capac-
ity of the LCAC and LACV-30, however, is less than that proposed for the
hoverbarge.
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T" 5
capta Cost Comparson of C7, LCAC, LACV-30, and Budgear
Eatmet for 150-Ton Ho g

CoAM per Ton
51 s Cq"te Cost I3 Capacy Pto nas
DemIPd, Load Capty, to.n Dollars In mllons hd$dS)

Hovesysle 150 3.301 22,000
Hovsmap_ _

LCAC 60 to 75 16.5 220,000 to 275,000

LACV-30 25 to 30 4.00P 133,300 to 160.000

C7 4 2.50' 625,000

'1 Bdgeary anm Hover Systm, h. mr 1993.
2 Perow oomuniaf% E. Shoulk, Progm. ManaerAn, Anlous Warfare Program.,

Dapamt of Vhe Navy, Novel Sea Sysems Command. A&tVIo VA.
amninunkmilr, CW3. Maxb L Bond, Ith Trisportalon Battalon (TML), Fort Sory,

4VA.Prona mmunicalio August 27,193, S. L Johnstn, DIreco of ogsc ard Support
Servioss, TOn Marine Sytm.

Maintenance

Hovercraft such as the LCAC are complex pieces of equipment. The
flexible skirt of an amphibious craft requires ongoing maintenance. Fig-
ure 3 illustrates the construction of the skirt with modular units of "fin-
gers." cones of rubber which release the air around the periphery of the
craft to form the cushion. These come in contact with the surface being
traversed and are-subject to wear. Typical finger life is 15 to 30,000
miles, or > 1,000 hr for aquatic use exclusively and approximately 750 hr
where the terrain involves concrete or other abrasive surfaces. When oper-
ated over abrasive surfaces, skirt maintenance may be a more significant
expense than fuel consumption.' In addition, mechanical systems such as
the diesel engines or gas turbines that power these craft can be high main-
tenance items, depending upon the conditions of operation.

Textron Marine Systems estimates an approximate cost of $2.74/M3

($2.09/yd 3) for fuel and for engine and finger maintenance for a
hoverbarge equipped only with a lift module under the following
limitations2:

* Capaci!I - 63 m3 (82 yd3, or 100.5 tons, assuming slurry density of
90 lblft ).

I PemonmI Comnnuncaton 27 April 1993, Fank Hins Design and Product Support, Textron
Mmmn Sysem, New Orens, LA.
2 Personal Conumicadon, 16 July 1993, S. L Johnston, Director of Logistics and Support

Serview, Textron Marine Sysems, New Odem, LA.
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* Operating an average of 1,200 hr per year.

" Operating at 8 knots (9.2 mph).

" Ten-mile round trip.

For the same scenario, Textron estimates the operating and mainte-
nance costs for a C7 as prime mover for a I 00-ton hoverbarge to be ap-
proximately $5.13/m 3 ($3.92/yd3), including fuel consumption at
70 gal/hr, lube oil, filters, and total spares and parts for all primary equip-
ment. This equates to approximately $15 l1/hr total operating cost, of
which $63/hr is maintenance.1

Fort Story reports an operating cost of approximately $1,900/hr (under
adverse conditions - erosive and corrosive environment) for the LACV-30,
of which $300/hr is for fuel.2 Given the same speed and distance as stated
for the Textron estimate, this would equate to a maintenance cost of
$90.99/M 3 ($69.60/yd 3), based on a load capacity of 30 tons, hauling a
slurry at a bulk density of 90 lb/ft3 .

The Naval Sea Systems Command reports operating costs of approxi-
mately $3,080/hr for the LCAC. Of this, $351/hr is for fuel. The remain-
der is for spares and maintenance. Because of corrosion problems, these
craft are given a midlife overhaul (8 to 10 years into service) at an approx-
imate cost of 1.1 million dollars. 3 For the above scenario, this corre-
sponds to a maintenance cost of $62.58/m3 ($47.84/yd 3), based on a load
capacity of 75 tons and 90-lb/ft3 bulk density slurry, exclusive of the mid-
life overhaul.

Table 6 summarizes these costs:

%=psoi Conmmicaion, 2 August 1993, S. L JoMuiona, Dirctor of I oListics and Support
Serivies, Textron Maine Systems. New Orlem, .A.
2 Peronal Conmmunicaon, June 1993, Maxine L Bond ad Ist L. Joseph Caolet, I Ith
Tnspon Batallon MAL), PFo Story, VA.
3 PsonalComundo22July 1993,H..Shous, Po ManaMer, AmphbiousWrfse
Prgmr, Naval Sea System Command, Arlington, VA.
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T"lad 6

Operatg and laintenance Cost Comparison Textron Marine
Systems 100.5-Ton Hoverberge, LACV-30, and LCAC

Tstro Cos Operat
rstmab Cat ks,
808% Tol Total

Vehicle LAW Uaintenance Load La
Dawptan capacity1  FulCoat cost CWWsWy Capaity'

C7 Prms 3911c49.7 $8vWr $WRr $7 to $W N/A
Mover ydg100.5-ton oonbined $1sW,

LACV-30 1171o16.8 $3000tv $1,6004r NA $123 ID
W $177/y 3

LCAC 2931041.9 $351ft $2,729Av' N/A $60to
_ _ _ W I_ _ I_ _ _ _ _ _ _$1 144td

I Basedansunybulkdseltyoft0o 101 bf intransit, andvoidro ofo.eafterplacmertiand
an speed of 8 knots, 10-nile round trp.

Assuming use as sedfrop hovebarge. Use as tow vehIle to hIgher capady hoverbarge
od remut hm mr urt costs.
Fuel aimdsaftme costs combned.
Exeluve of midlf ovrhai.

Cost Comparisons and Basis

Souder et al. (1978) indicates that for annual volumes of I million yd3,
hydraulic pipeline transport is the most economical (conventional) trans-
port mode available, up to distances of approximately 50 miles. Beyond
this distance, barge transport is most economical. Rail and truck transport
are probably inapplicable to transport and distribution of sediments along
or within a marsh unless transportation routes coincidentally exist where
restoration is needed, and both are more costly than pipeline or barge for
the distances considered in this analysis.

Dry material is significantly more economical to transport than slurry
(by means other than pipeline transport) (Souder et al. 1978). However,
because dredging operations in the New Orleans District are principally
hydraulic, hydraulic loading of conventional barges or hoverbarges might
be considered to "capture" sediments that would otherwise be lost to open-
water disposal. Costs estimates for transport of slurried sediments are
therefore included here. The cost per cubic yard "yield" (volume of
dredged material delivered after placement and consolidation) is then an
important parameter in determining the economic feasibility of 'an alterna-
tive, as distinct from the cost per cubic yard of volumetric capacity. This
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is particularly important in the case of the hoverbarge, in which volumet-
ric capacity is directly related to ton load capacity.

Table 7 compares the relative capital and contract costs for hopper
barges and hoverbarges and the relative unit costs for barge transport
based on volumetric capacity. labor, and operating expense, exclusive of
tug costs.

Hoverbarge capital and operating costs are estimated based on military
purchase, maintenance and operating records for the LACV-30 and the
LCAC, and on industry cost estimates. For purposes of estimating operat-
ing costs, the 100-ton and 150-ton hoverbarges were equated to the
LACV-30, and the 300-ton to the LCAC. This approach offeres only a
rough approximation of expected costs, as the LACV-30 and LCAC are
sophisticated military craft not closely comparable to the proposed
hoverbarges. Cost figures for the LACV-30 and the LCAC represent the
only capital and operating data available, however, upon which to base
this analysis. Industry estimates of operating costs for the 100-ton
hoverbarge were extrapolated to the 150-ton and 300-ton hoverbarges as
well, for comparison. The cost comparisons contained in Table 7 then de-
fine a range of estimated capital and operating costs for hoverbarges. A
more rigorous economic analysis is not possible with the limited informa-
tion available.

The cost to transport dredge material with a hopper dredge was esti-
mated using the daily lease rate of the dredge, exclusive of oilers, yard
costs, standby time, and other expenses not specifically associated with
the transport component. Costs for this alternative were higher than for
barge transport and were therefore excluded from the cost comparison
above.

Although sediment can be tr.nsported at a lower unit cost in large ca-
pacity conventional barges, there could be instances where a hoverbarge
would still be utilized. When the overwater transport component is very
short, the additional time and cost associated with rehandling the sedi-
ments may not be justified. Hoverbarges could be used for the overwater
transport component in this case.

Hoverbarges could be towed overwater singly by an ACV or in a fleet
using a conventional tug. Conventional barges are assumed to be towed
by conventional tugs. A comparison of estimated ownership and operating
costs for a LACV-30 utilized as a prime mover, contract costs for two con-
ventional tugs, and ownership and operating estimates for a C7 hovercraft
are given in Table 8.

The operating costs for a hoverbarge under tow must also be consid-
ered and are given in Table 7. It is assumed that the hoverbarge can be
towed overwater off-cushion, as a conventional barge is towed, for both
the ACV prime mover and the conventional tug. If it must be operated on-
cushion to be towed by an ACV, additional expenses for the overwater
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Table 7
Ownership and Operating or Contract Cost Comparison, Hopper and
Hoverbargos (exclusive of loading and tug costs)

VolumetricI
Capacty (cubic CoeyI.O00 yd9 / COeM1,000 Ydl/
Yards of Milo , mile'

Total ownership dredged Hydraulically Mcaial
and operating material atr loaded loade
Coat or contract placemnent and sediments sedimentds

Description capital cost coat consolidation) (70 g/L slury (1.000 OIL Anury)

I,500.y83 DUMP $5.01 minijon2  $100A0.r4  712 yd3 (for $15.3 $10.7
scow 700 UI. qiurry)

1,018 Pd (for
1,000 9/IL slurry) _______

4,000yd3 Hopper $4.0 m1illion 5  $42/hro 1,900 ye (for $2.4 $1.7
Barge 700 gIL ajurry)

2,714 Pc (for
1,000 g/I. slurry)

1 00-ton $3.0 mnlilon7  $1 .98"/r - 39.1 ycI3 (for On-cushion: On-cushion:
Hovedxarg On-cushion - Fort 700 9/L slurry) $5,515 - Fort $4,339 - Forl

Story Co~t asis 49.7 yd3 (for Story Basis Story Basis
$19/hr-1  1,000 g/& s:urry) $553 - Textron $435 - Textron
On-cushion - Basis Basis
Textron Cost Off-cushion: Off-cushion:

Bai .1$167 $131
Off-cjshfl

3
*

1 2

150-ton $3.3 millions $1 .992/hr - 59 yd3 (for On-cushion: On-cushion:
Self-pplld On-cushion -Fort 700 g/Lslurry) $3,670 -Fort $2,899 -Fort
Hoverbarge Story C~st 74.7 Wd (for story Basis Story Basis

Bais1 1,000 gjt, slurry) $381 - Textron $301 - Textron
$27/hr - Basis Bas
On-cushion -

300-ton $4.0 mijpion7  $3,192/hr - 117 ycl' (for On-cushion: On-cushion:
Hoverbarge On-cushion - 700 a&slurry) $2,965 - Naval $2,329 - Naval

Naval Sea 149 ;(for Sea system Sea System
Systems 1,000 g/I. slurry) Command Basis Command Basis
COMr.d cost $211 - Textron $166 - Textron
Basis Basis Basis
$2274liw. Off-cushion: Off-cushion:

Oncsin-$74 $58
TebW ost

$80/h -

Assnes operatkg q*ee of 8 knots (9.2 mphi).
Souderat IM. 1e78 qsiotec I*Mrch 1993.

SAesmnes 5.erosnt depredton, 6.5-perent faites capitui cost Of money. 8-mont operation perysear 24-hr operathnklay.
4 Nolsbor conyonr- associated wlth dny sow.

: PSWSI nicSoAn June 6.,1993. W.. Ridi Smith, T. L James, hourly rate assume 24-hr operationvday.
Estimated caploat basaldan I.ACV4Oorap coat and Hove Systems, W.L budgetary etatsfor 150otnellpmpeled hwerbarg.
Noadi-on oatforbi would be icourred forelf-propeldhoveebag.
Hoversleme Inc.bdtx" esImat June1993.

SFor onaaehion operaton - inckudes estimated labor. fWe. Ad maintenance costs- based on LACV-30 operating costs; (personal
ooaiumnlson. LL Caoeo I I ti T rutation Satiaton, Fart Story, VA).
For onauslgon operaton - bsed on Textron Merine System operatIng and maintenanc etimate fo 100-ton haverage.

"For ol-cuehIon opereon - no labor or opertin coats associated wU it e operationa mode.
1For On-OAison operaton - Inddes etimated labor. fue. ad meintenence costs - base on ICAC operat cost (personal

conmiunledo, July22. 1993, E. E. Shouits, Progwn Menagper, Amphiblous Warfae Progam, Naval See Systems Commwad,
A&lbmt VA.
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transport component would be incurred. The hoverbarge is operated on-
cushion overland.

On the basis of the data presented in Table 8, it appears that it is most
economical to utilize conventional tugs for transport of hoverbarges over-
water. Use of conventional tugs overwater will be assumed in the eco-
nomic analysis.

Based on available cost information, it is clear that overwater transport
is most economically effected with conventional equipment where its use
is feasible. The remaining component of a transport and distribution sys-
tern is overland or over marsh. Based on previous studies of transporta-
tion systems, the most economical conventional delivery system for the
distances involved here is a pipeline system (Souder et al. 1978). This

Tabe 8
Prime Mover Cost Comparison

TOWa Coeyl,000 yd3I CoeWt,000 yrI3

Onership mile' mile'
and Operating Hydraulically Mechanically

Capital Coat or Loaded Loaded
Vehicle Coat Contract Coat Towing Capacity Sedimenrt Sediment

250HP $3260 $7WAr One 300-ton capacity hoverbarge $69.7 $54.7
Tug 1 17.yd 3 consolidated sediment ylid (for

700 Wfl, slurry)
I 40-yd' consolidated sediment yield (for

____ 1,000 g9& slurry)

1.500 unkcnown $1l0 10 One 4,000-yd3Conventional barge $5.7 to $7.7 $4.0 to $5.4
to $1 35Ai 3  1 ,g00yd3 consolidated sediment yield
2,000-HP (for 700 gIL slurry)
Tug 2,714-ydr consolidated sediment yield

(for 1,00gl. slurry)

C7 $2.5 $2224vr one 1 00-ton capacity hoverbarge $618.7 $482.6
mInN't W9ye consolidated sediment yield (for

700 _ slrry)
50-d 3 onsolidalled sediment yield (for

___ 1,00 gIL slurry)

LACV-30 $4.0 $2,0iZWhr7 One 300-ton capacit hoverbarge $1.889.2 $1,487.8
11 7-yd3 consoldated edimnent yieW (for
700 %~ slurry)

19y-consolidated sedimnent yiel (for
_____~~ 1,000 gIL slurry) __ _ _ _ _ _ _

Assmee operalin sWeed of 8 p x- t.
RCapital coat owners* n oeatn coat based on CEDEP 1993. Labor estimated at 40 percent of ownership cost
(bMed on personal commnun~aton, 8 June 1993. Mr. Rick Smith, T. L. Jamnes. AssumngV a net mullipler of 3 for
pofi and overhead.

3 Personal cornimundlonm, June 8, 1993, Mr. Rick Smit, T. L. Jamnes.'Personal ooemnlcon. August 1993, S. L Johnson, Director of Logisic and Support Services, Textron Marne

*Perona communication CW3, June 1903, M0axine L Bond, 11th Transportation Batalon (TML), Fort Sioey. VA.
Ownernsp coat based on 5-percent annual depreciation, 20-yew Me, 0-salvage value, 8.5-percent faciliie Capital
coat ci oney, 8mon. operatin per yew, labor estimnated at 40 percent of owners"i coeL.
C'perdn e puspee based on $1 g001hr (personal communicaion, May 1993, L. Coulo, 11Ith Transportation
Bandalon, Foat Story VA.
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ill 4C Co' p::cd with u hovcrcrafi/barge delivery ;y';tcm. Tlhc following
cearitos will be considcred:

Scenario 1: lloverbarge (300-ton) transport and distribution over marsh,
with LACV-30 prime mover, hydraulic loading from CDF
or confined holding facility.

Scenario 2: loverbarge (300-ton) transport and distribution over marsh,
with LACV-30 prime mover, mechanical loading from CDF
or confined holding facility.

Scenario 3: Self-propelled (150-ton) hoverbarge transport and
distribution over marsh, hydraulic loading from CDF or
confined holding facility.

Scenario 4: Self-propelled (I 50-ton) hoverbarge transport and
distribution over marsh, mechanical loading from CDF or
confined holding facility.

Scenario 5: Hoverbarge (100-ton) transport and distribution over marsh,
C7 prime mover, hydraulic loading from CDF or confined
holding facility.

Scenario 6: Hoverbarge (100-ton) transport and distribution over marsh,
C7 prime mover, mechanical loading from CDF or confined
holding facility.

Scenario 7: Pipeline transport and distribution of sediment from CDF or
confined holding facility.

Hoverbarge volumetric capacity and yield will be based on previously
stated assumptions (see Table 1). Transport of fines would entail the
movement of higher volumes of water and greater expense per unit vol-
ume solids delivered.

In Scenarios I and 2, capital and operating costs were based on Naval
Sea Systems purchase and operational records for the LCAC (considered
to be the basis for the 300-ton barge), and Fort Story purchase and opera-
tional records for the LACV-30 (considered to be the basis for the ACV
prime mover).

In Scenarios 3 and 4, capital costs for the 150-ton self-propelled
hoverbarge were based on the Hover Systems Budgetary Estimate. Opera-
tional costs were based on Fort Story records for the LACV-30 and Text-
ron Marine Systems estimates for the operation of a 100-ton hoverbarge.

Scenarios 5 and 6 were based on Textron Marine Systems estimates for
op:ration of a 100-ton hoverbarge and C7 (as prime mover).
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Scenario 7 was based on cost estimates for pipeline transport with
reslurrying from a CDF given in Souder et al. (1978). Included in these
costs are booster pumps, pipe, rehandling dredge, energy, and labor costs.
Optimum conditions are assumed. The effect of marsh terrain on pipe lay-
ing costs is not specifically addressed in this reference, but it appears that
seriously adverse conditions could result in an increase of up to 50 per-
cent for this element. This would result in an increase in the overall cost
of the pipeline system of approximately 12 percent over base for the worst
case. Real estate and pipeline rights of way costs are not included.

Sediment distribution using hovercraft will entail the use of a mobile
pumping station to reslurry and discharge sediment from a stationary hov-
ercraft, discharge directly from the mobile hovercraft (dumping or auger-
ing), or pumping equipment installed on either the prime mover or the
hoverbarge for unloading from a stationary position. A mobile pumping
station on a dedicated hovercraft would impose lease and operating costs
for the station, as well as periodic relocation expense. Discharge from a
moving hovercraft would entail operating expense similar to that for trans-
port by this method. If the sediment is discharged by pumping, additional
capital and operating costs for pumps would be required. Discharge is as-
sumed to be from a moving hovercraft for purposes of this analysis. Un-
loading time is considered to be negligible relative to transport time.

The purpose of this analysis is to establish relative costs of the trans-
port alternatives. The analysis can be simplified by excluding associated
costs that are common to all alternatives. This includes the cost of con-
struction of CDFs or confined holding facilities, which may or may not be
an additional cost to the project. Dredging costs will be the same for all
scenarios and are, therefore, excluded from this analysis. Capital and op-
erating costs for a portable dredge associated with reloading operations
are incorporated in unit costs for pipeline transport (Souder et al. 1978).
Rehandling costs estimates are, therefore, also included for the hovercraft
transport alternative.

Results of the cost comparisons reflected in Table 9 indicated that great-
est economy for the marsh transport component is obtained with a pipe-
line system. Distribution costs are not reflected here, however, and in the
case of pipeline distribution, would be a significant addition. A distribu-
tion header would be required at the terminus of the supply pipeline and
would require periodic relocation to deliver sediments to the needed areas.
The main supply pipeline could be permanent to serve annual maintenance
restoration efforts. The effect of this factor on overall project cost can
best be illustrated by an example problem, which follows this section.

Table 9 contains the results of the economic analysis of the transport
component for the seven scenarios.
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Tr;,?o 0

Cost Comparison Marsh Transport Scenarloe

11"m Z S00nuto I Sca r.o 2 ScmWo 3 Scrlo 4 Sce rlo 5 Scenarlo G Scenario 7

Navz) Sea TronsWo: Transport: r/A N/A WA N/A N/A
S-tema $4,834 $3.797
ComnanV Reha-dng: RohandUno:
cpooralon.&J $3,700 $587
Rscznis ___ _____ ___-

Fo! Story N/A NA Transport: Tran3port: N/A N/A N/A
oparatlorzJ $3,070 $2.899
R ocwds Rehandling: Rehanding:

$7,580 $633

Toxtr-n NIA NIA Trranport: Transport: Transport: Transp rt: N/A
M -. $381 $301 $1,121 $880
Systems Rehanding: Rshandlng: Rehanding: Rehanding:
Eslmwatos $7,580 $633 $11.420 $700

Souder st a. WA N/A N/A N/A N/A NA Transport:
(1978) $169

PRehanding:

_ _ _ _ I _ _ -ided

Transport costs in uits of $/1,000-yd3 yieldmi. Rehaning costs in Wt of $/1,000-yd yeld. Rehang oos
ao In additon to transport osts. Ths was etinated based on the assumption of 18 loads delvered per day for an
operaf period of 24 hr par day.

Cost Example

An example problem was developed to compare costs of pipeline and
hoverbarge systems for overland transport and distribution of a given
quantity of sediment. This was based on the cost assumptions previously
described and the following:

e Overland transport distance - 6 miles.

o Project area - 100 acres.

* Sediment application thickness - 3 in.

e Dredged material volume required at consolidated void ratio of 0.8 -
40,000 yd 3.

Approximately 85.000 yd 3 sluny at a concentration of 700 g/L will be
required to yield 40,000 yd 3 placed, consolidated material at a void ratio
of 0.8. Approximately 183,000 yd 3 slurry will be required at a concentra-
tion of 325 g/L. Mechanically loaded sediments have a somewhat higher
yield, requiring approximately 60,000 yd 3 at a concentration of 1,000 gIL.
Pipeline costs are already adjusted for the additional quantity that must be
pumped for a slurry with a solids concentration of 325 g/L (slurry bulk
density of 1,200 gIL).
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Sedihmet delivery by pipeline assumes a straight line manifold ! ,000 ft
in length that will distribute sediments over an area 1,000 by 250 ft via
spray nozzles (Woodward-Clyde Consultant. 1991). It is assumed that the
in-line booster pumps provide sufficient head for operation. No addi-
tional capital costs for the manifold were considered; ownership costs for
this pipe segment were assumed to be the same as for the remainder of the
pipeline, although some additional costs would be incurred for valves and
nozzles. Mobilization/demobilization costs for the header are estimated at
$10/lineal foot combined.

One ACV prime mover is assumed to be operating with one hoverbarge
at a speed of 8 knots. Off-loading operations are considered to represent
negligible additional cost.

Table 10 reflects the following comparative costs for delivery of
40,000 yd 3 placed, consolidated dredged material to a 100-acre plot, by
pipeline and by hc ierbarge.

Table 10
Comparative Costs for Pipeline Versus Hoverbarge Transport
Alternatives-i 00-Acre Example Problem

Fo Sltry LACV-30
Transx end Naval Ses
DbUtion Textron Marine Sysmus Comwnd Souder at . (1M)
Atntitve, 100.Acre Sstems Cost LCAC Operational Transport Analysis
Exampe Estimate BasM Cost Basis Cost Bast

Centu Pump N/A N/A $5Wy
Pipeline Delivery
System (Souder et al.
1978)

30-ton Hoverbare N/A $62/yd
wALACV-30 Prime
Mover - HydraulicLoading

300-ton Hoverbasge NIA $4W
wALACV-30 Prime
Move- Meclhu*

100-Ion Hove barg $25d N/A N/A
w/C7 Prime Mover -
Hydmra Loeing

100-ton Hoveebarge $1 1/y N/A N/A
w/C7 Prime Mover -
Mechaical La__

Noe: Low cost range represents operating costs based on Textron Marine Systems estimates;
high range represents operating costs baed on Fort Story. VA, operaonal records for the
LACV-30 and Naval Sea Systems Command operational records for the LCAC (see scenario cost
basls description n previous secion).
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Low end unit costs in Table 10 for the 100-ton hoverbarge alternative
with mechanically loaded sediments reflect the most potentially competi-
tive cost range when compared with hydraulic delivery by either pipeline
or hoverbarge. These costs are based on industry estimates for fuel and
maintenance costs, while the high end costs in Table 10 are based on ac-
tual operational cost data for the LCAC and the LACV-30. Critical ele-
ments in the outcome of this economic analysis are as follows: the
accuracy of the industry cost estimates, the accuracy of rehandling cost es-
timates, and the characteristics of the sediment to be transported. If the
main supply pipeline is considered to be permanent, however, unit costs
for repeated use would drop significantly as capital costs were distributed
over a longer time period and larger volumes of sediment distributed. In
addition, pipeline delivery directly from a dredge, in connection with a
dredging operation, could he significantly less expensive than a perma-
nent pipeline supplied from a CDF with associated rehandling costs. This
alternative was not examined because of logistical concerns regarding in-
terdependence of the distribution system with the dredging operation.
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8 Conclusions and
Recommendations

Assessment of the economic and technical feasibility of dredged sedi-
ment transport and placement using hovercraft is limited by the fact that
the use of hovercraft in this capacity is conceptual only. Actual design,
performance, and cost data for this application were not available.

From a technical perspective, the hoverbarge concept appears to be via-
ble, although subject to a number of physical limitations. The load capac-
ity of hovercraft is limited, and the volume of sediments that can be
transported is small relative to conventional means of transport. Hover-
craft are sensitive to load distribution, and it is not known how success-
fully a slurry can be transported by this means. Hovercraft have been
traditionally designed for high-speed applications, and operating parame-
ters for low-speed operation and for towing may differ significantly.

Estimates of sediment requirements for "no net loss" wetlands maihte-
nance and restoration in coastal Louisiana (Woodward Clyde Consultants
1991) closely match the total average volume of sediment dredged annu-
ally by the New Orleans District. For all of these sediments to be utilized
for wetlands restoration, adequate means for transporting and storing or
distributing the sediments as they are produced must be available. Hover-
craft capacity is limited and is unable to keep up with and fully utilize the
sediments produced by a normal dredging operation. Therefore, addi-
tional storage or alternate means of transporting and distributing the sedi-
ments would be required in conjunction with a hovercraft operation.

To perform a preliminary economic analysis, cost data from other hov-
ercraft applications were used to define a potential cost range for this ap-
plication. Cost comparisons to conventional transport methods were
based on these assumptions. In most cases, the costs developed on this
basis are thought to represent the least cost scenario, and actual costs
could be higher. The validity of these assumptions cannot be demon-
strated, however, without supporting cost and performance data.
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Estimates indicate that because of high capital and operating costs, the
use of hovercraft to transport and distribute slurried sediments will be sig-
nificantly more expensive than other methods available. The economic
analysis indicates that the most potentially economic hovercraft applica-
tion is for transport of dryer, mechanically loaded sediments, which are
less expensive to handle and transport than slurried sediments. However,
low end hoverbarge cost ranges are based upon industry estimates for op-
erating and maintenance costs, rather than performance data. Cost esti-
mates based upon operational cost records from Fort Story, VA, for the
LACV-30 and the Navy Sea Systems Command for the LCAC are much
higher for both mechanically and hydraulically loaded sediments. If the
main supply line of a pipeline distribution system is permanent, unit costs
for sediment distribution will drop as the first costs are distributed over a
longer time period and larger volumes of sediment, further widening the
economic gap. Distribution of sediments directly from a dredge discharge
pipeline is another potentially cost-effective alternative.

Even the most optimistic cost estimates for hoverbarge operation do
not support the use of hoverbarges over water on an economic basis. (Lo-
gistically, this could be necessary in some instances.) In this application,
conventional means of transport are available that are significantly less ex-
pensive. It seems likely that the most feasible application of the
hoverbarge concept is transport and distribution of sediments to otherwise
inaccessible interior sites. Marsh areas that can be effectively replenished
by high pressure or hydraulic sediment distribution adjacent to existing ca-
nals can more economically be served by conventional equipment.

The Federal Standard requires that the Corps of Engineers select the
dredged material disposal alternative that is "the least costly alternative,
consistent with sound engineering and scientific practices and meeting ap-
plicable Federal environmental statutes" (U.S. Army Corps of Engineers
1988). This limitation has direct bearing on the selection of innovative
dredged material disposal alternatives.

Because the economics of the hoverbarge concept are uncertain, empha-
sis of any further research should first be placed on studying the effects of
high intensity hovercraft traffic over a single glide path. This should be
compared with the impact of pipeline installation and movement in deter-
mining if an environmental justification for the hoverbarge concept exists.
Mitigation costs of both alternatives must also be considered.

Within the United States, hovercraft manufacturing appears to be lim-
ited to a few companies. Development of this concept would therefore
benefit a limited number of commercial entities. Because of the potential
economic benefit to private sector industry, additional research in this
area would most appropriately be funded under Construction Productivity
Advancement Research, with technical input from the dredging and wet-
lands research components.
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tion rate of hovercraft. Interim storage and rehandling would therefore be required.

The environmental impact of repetitive hovercraft traffic in wetland areas has not been studied in depth. Environmental jus-
tification for this higher cost transport alternative would be contingent upon demonstrating fewer adverse impacts than for con-
ventional transport methods after mitigation. Costs of mitigation would also be considered in a full-scale economic analysis.
These elements were beyond the scope of this report.
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