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Introduction

This paper will examine the various environmental and ecological
considerations which must be taken into account when planning and
constructing a small-craft harbor. "Small-craft" as used in this context follows
the U.S. Coast Guard general guidelines of recreational and commercial
vessels upto 100 gross tons and approximately 90 feet in overall length (Code
of Federal Regulations, 1983). Accordingly, someof the design considerations
and construction techniques associated with bulk cargo terminals and
container ports, etc. will notbeaddressed here. Design aspects will be spoken
to only where there are clear environmental/ecological ramifications
associated with various options. This paper may serve as a generic overview,
realizing that there are many site-specific variables associated with any form
of shoreside development such as icing, tidal fluctuations, storm protection,
and access. Specific areas to be addressed are siting, construction methods,
the environmental effects of harbor structures, and mitigation techniques. A
properly designed small-craft harbor can serve to minimize adverse
environmental/ecological impacts and, in some cases, serve as an
enhancement mechanism.

Harbor Siting

Proper siting is perhaps the single most important element in project
development. The ideal location should be on a sheltered body of water
which is deep enough to require no or minimal dredging. There should also
beexcellent vessel and vehicle access to adequate upland facilities with proper
drainage and/or access to sewerage facilities. The physical hydrology of the
site should be such that minimum erosion or siltation would result from
construction of bulkheads, breakwaters, and piers. The basin shouldbe well-
flushed to maintain water quality and there should be no shellfish beds,
wetlands, endangered or threatened species, or sites of archeological or
cultural significance which might be impacted by harbor construction or use.
In the real world, satisfying all the above requirements may be nearly
impossible given the increased demand for shoreside property and possible
developmental conflicts. It should be remembered that harbor impacts can
also be positive since concentration of shoreline development occurs rather
than scattered private docks. Harbors can also contribute to the diversity of
shoreside habitat byproviding substrate for fouling communities (Chmura and
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Ross, 1978).

The various types and sizes of boats to be accommodated will affect
the choice of harbor location and design considerations. Deeper access
channelsand harbordepths are required for larger powerboats and sailboats
with fixed keels. These types of vessels alsorequire relatively straight access
channels with broad turns and few shoreline hazards as well as proximity to
open waters. Turning areas within the harbor can be smaller for outboards,
double screw power boats, and sailboats because they need lessroom to turn
than single screw power boats. These considerations will affect dredging and
submerged area use (Rogers et al., 1982). The fastest growing market
segment in boat sales is the 35-40 foot length range. The impactof this trend
toward larger boats will be a reduction in the number of boats which can be
berthedin a given area of protected water. Since aisle space andmaneuvering
areas also increase with the sizeof boats served, the spatial requirements per
boat increase significantly. This translates to more harborinfrastructure costs
allocated to each boat (Klancnik, 1990).

Proper flushing of the harbor basin should be considered in the siting
phase of harbor development. Relevant considerations include location
relative to other water bodies, ambient water quality, biological activity, total
volume and expected harbor activity, andtype andvolume of discharge. For
most cases, a two-four day flushing time is satisfactory (Boozer, 1979).
Flushing time as used here indicates the amount of time required for a
complete exchange of water between theharbor basin and surrounding waters
to occur. This is important for dilution and dispersal of pollutants, prevention
of siltation, andto maintain water quality. Harbors located within a confined
area with one or two relatively narrow openings will have flushing
characteristics considerably different from those located directly on larger bays
or river shorelines. Areas with poor natural circulation, such as dead-end
canals, should be avoided. There are formulae available for estimating the
flushing characteristics for various water bodies. Variables used in these
approximations include tidal cycle and range, surface area, non-tidal
freshwater inflow, desired dilution factors, depths at low and high tides,
salinities, and river discharge where applicable (Hcincn, 1985).

Habitat loss for variousspeciesof flora and fauna must also be taken
into consideration during the siting process. At one time, salt marshes were
considered primespots for harbor development because theytend to be found
on sheltered shorelines. It is now known that salt marshes contribute to
primary production, provide wildlife habitat and nursery grounds, and serve
as a buffer zone between open waters and uplands to absorb the impactsof
storm surges and rainwater runoff. Social values for natural marshes have
been estimated at$50,000 to $80,000 peracre with someestuaries performing
waste assimilation work of even higher value (Gosselink et al., 1974). A
recent study in Florida which examined the commercial and recreational
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fisheries value associated with coastal wetlands, determined that the
capitalizedretailvalue averagedabout $6,000 dollarsper acre statewide (Bell,
1989). As a result of this awareness of the value of coastal marshes and
wetlands, most coastal states in the U.S. have mandatory guidelines which
must be followed to minimize impacts to these areas from any type of coastal
development. This is particularly true in the southeast Atlantic and Gulf of
Mexico regions, where the majority of the nation's coastal marshes and
wetlands are located (NMFS, 1983).

Another environmental/ecological factor which must be considered
during the siting process is the existence and proximity of shellfish beds.
Shellfish are highlysusceptible to siltationepisodeswhich might occur during
dredging operations and accelerated runoff due to upland construction.
Bivalve shellfishare filter feedersand are,capable of concentratingpollutants,
potentially making them unfit for human consumption. Oysters have been
shown to exhibit pollutant levels 40 times higher than ambient waters
(Loosanoff, 1965). The National ShellfishSanitation Program (NSSP) Manual
of Operations clearly states that pollution from boats is a public health
problem requiring special consideration for proper classification of shellfish
growing areas. This is due to aspects such as petroleum hydrocarbon spills,
leachate from toxic-based bottom paints, and incidents of fresh fecal pollution
which has a different pathogen-to-coliform ratio than municipal sewage
(Heinen, 1985). In the absence of more stringent state guidelines, harbors
should be located at least 1,000 feet from shellfish harvesting areas (NMFS,
1983). Therefore, it is important to check the NSSP classification for shellfish
growing areas in the proposed harbor area if shellfish are present. The
classification listings and charts are available from marine resource
management agencies in shellfish producing states.

Soil characteristics is another facet of siting which should be
examined carefully. If the proposed site does not have access to existing or
incipient sewerage infrastructure, the soil needs to be able to support an
adequate septic system. Soil type and composition also are major factors in
the amount of runoff which occurs during rainfall events. Such runoff can
increase pollutant loading,create turbidity and concurrent reduced biological
production, and enhance siltation rates into the harbor basin necessitating
more frequent dredging. Soil scientists should be consulted to determine
permeation rates and building support capabilities. Test pilings are often
driven during the siting process to see if waterbottoms are conducive to piling
acceptanceand support. This is particularly important in areas where pilings
and other structures might be affected by icing conditions (Wortley, 1984).

Construction Methods and Mitigation Techniques

Dredging and dredged material disposal
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Nearly all harbor development projects will require some dredging
operations. Factors influencing the amount of material which must be
dredged are controlling water depths, tidal range, size of vessels to be
accommodated, distance to main navigation channels,and siltationrates. Like
all other activities associated with harbor development, the environmental
impacts associated with dredging are site-specific. Negative environmental
impacts associated with dredging and disposal operations include short term
increases in turbidity, temporary reductions indissolved oxygen content, burial
of organisms, disruption of existing bcnthic communities, creation of stagnant
water conditions, and resuspension of pollutants (Chmura and Ross, 1978).

Most of the negative aspects of dredging operations canbe eliminated
or minimized. Indeed, in some cases dredging can be used to enhance the
environmental quality of a water body in some cases by increasing flushing
rates. Harbor basin design features that promote flushing are basin depths
that are not deeper than connecting waters and gradually increase toward
open water, basins with few vertical walls and gently rounded corners, and
even bottom contours with no pockets or depressions (Heinen, 1985).
Increased turbidity and burial of organisms by siltation can be minimized by
the proper use of hydraulic cutter-head dredges, filters, and silt screens as
opposed to unscreened mechanical dredging. The work should be scheduled
so as to havethe least impact on certain life stages of the surrounding biota
such as fish larvae or oyster spatwhen such sensitive resources are present.
The duration and areal extent of these impacts are a direct function of
material particle size and the flushing rate (Burrage, 1988). Where possible,
dredged channels should follow the course of existing channels and slips for
boats with deep drafts should be built in naturally deep water. The harbor
should not alter tidal circulation patterns, salinity regimes, or change related
nutrient, aquatic life, and vegetation distribution patterns (NMFS, 1983).

Dredged material disposal is sometimes the hingepin on which all
other components of harbor development revolve. All dredged material
should be viewed as a potentially reusable resource, and all disposal plans
should include provisions for access to such resources. Permanent, upland
disposal sites or approved open- water sites should always be sought in
preference to wetland disposal. Areas containing submerged vegetation and
regularly flooded emergent vegetation should not be used as disposal sites.
Dredge material from marinas should be placed on upland areas or existing
diked disposal areas, when possible. Open-water and deep-water sites canbe
considered if beneficial uses of the dredged material are identified or if it is
not economically or environmentally feasable to dispose upland. Disposal
dikes should be shaped and stabilized immediately to minimize erosion and
dike failure and,where possible, outfalls should be positioned to empty back
into the dredged area (NMFS, 1983).

There are potentialbeneficialuses fordredgedmaterial providedsuch
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material is not contaminated. In undeveloped andrelatively unpollutedareas,
dredging has no significant affect on water quality whether diked or undiked
confinement techniques are used. It follows that new habitat can sometimes
be created from dredged material. There are many opportunities to restore
or create wetlands with development projects, both private and public. In
water bodies where waveenergyisweak, artificial salt marshes can be created
by planting dredged material with suitable species (Clark et al., 1980). In
areas where there is no choice but to damage or remove wetland areas, this
may serve as a viable mitigation technique. After identifying the major
possible impactsofsmall-craft harborson wetlands, GiannioandWang (1974)
stated that the major impact would be in the areas of biological production
and water quality control. They suggest two methods of matching the
biological production of a marsh in a harbor development:

"The first method requires that dredge spoil from harbor
construction be placedin estuarine waters in such a way that
a new marsh re-establishes itself on the organically rich
material. The second method involves tailoring the
environment to make it attractiveto biologicalproduction by
fouling communities, an alternative to marsh grass as a
source of food. The harbor is made attractive by flushing
out pollutants with each tidal cycle, maintaining high water
quality by waste collection, and providing a surface on which
the organisms can prosper and multiply." (Giannio and
Wang, 1974).

Both of these enhancement techniques can be achieved by using
proper dredging and dredged material disposal techniques. Other mitigative
measures for dredging impacts include dredging during colder months when
dissolved oxygen concentrations are higher, confining discharges to the
smallest practicable depositionzone to protect adjacentsubstrates, maintaining
the same elevation as marshes and other contiguous areas to promote natural
tidal flooding and flushing, and situating dredged material islands on the
windward side of the dredged channel or basin (Heinen, 1985).

Bulkheads

Bulkheads are vertical, walled structures built parallel to the shoreline
to protect it from erosion or to provide boat docking convenience. Bulkheads
are usually made of stone, concrete, sheet metal, or wood. The most severe
effects of bulkheads occur when they are constructed within or along the
shores of wetlands and used to hold fill deposited on the wetland. As well as
preventing free water circulation to anywetland behind it, a bulkhead can also
prevent the natural seepage of groundwater into local waters. The vertical
face of the bulkhead protects the upland by taking the brunt of wave energy,
but in so doing, it creates reflection waves which disturb sediments and
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encourages scouring at the base of the bulkhead. Reflected waves may also
result in increased harbor maintenance costs and discomfort for boaters

(Chmura and Ross, 1978). Bulkheads, where absolutely necessary, should be
built no closer to the water than the annual high watermark and preferably
further landward (Clark et al., 1980).

Where possible, sloping (3:1) rip-rap, gabions, or other types of
revetments should be used in place of vertical seawalls or bulkheads (NMFS,
1983). Revetments are often preferable to vertical bulkheading from a
biological perspective because they provide more surface area for fouling
organisms. The biota associated with these structures includes assemblages
of barnacles, mussels, tunicates, sponges, amphipods, andalgae. This biomass,
although lower in organic content than marsh grass, is a more important
source of nutrient material for other aquatic species since only 45% of the
marsh production ever enters the water (Nixon et al., 1973).

Placing revetments as far upland as possible not onlyhelps to avoid
alterations to shallow intertidal and wetland areas, but also provides a
vegetated buffer to filter stormwater runoffbetween upland facilities and the
waterway. Where vertical bulkheads are necessary, they should contain weep
holes, covered with a filter cloth to retain sediments and permit groundwater
flow into the harbor. Problems with floating debris accumulation, shoaling,
and flushing can be avoided by using rounded corners instead of sharp turns.
Vegetated revetments arecurrently recommended as a meansof maintaining
a vegetation fringe along the shoreline while protecting the upland (Heinen
1985).

Breakwaters and jetties

Most but not all harbor locations will require the construction of
sometype of breakwater or jetty or both. These structures are designed to
attenuate wave energy either from naturally occurring wind-generated waves
or vessel wakes. They may or may not be connectedto the shorelineand are
usually oriented to provide the mosteffective wave reduction given the specific
characteristics of the harbor site. They aregenerally linear structures which
extend into the water and provide sheltered conditions for vessels and the
harbor facilities by dissipating wave energy. They maybe composedof a wide
variety of materials and constructed to either sit on the bottom or float on the
surface.

Since breakwaters and jetties provide calm water, they may also
increase the amount of shoreline available for wetland establishment.
Breakwaters and jetties are alsositeswhere fouling communitiescanestablish
themselves. However, these structures can also have the undesired
environmental/ecological impacts of creating erosion and deposition at
unplanned areas if proper mitigation techniques arenot utilized. In particular,
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the construction of bottom-based jetties may cause detrimental impacts on
adjacent property if longshore or river currents exist. The reduced wave
activity and concurrent sediment transport caused bybreakwaters and jetties
can lead to sediment deposition on the high energy side of the structure and
erosion on the lowenergy side due to lack of trapped sediment to renourish
those areas (Heikoff, 1976). Fortunately, breakwater designs exist which can
provide the necessary wave reduction requirements while minimizing the
negative aspects of increased siltation and erosion and maintaining desired
flushing characteristics. Circulation often can be maintained by providing
openings in solid (bottom-resting) breakwaters at both ends or between the
structure and shore.

Alternatively, floating breakwaters can be used. Although floating
breakwaters are onlyeffective for wavelengths shorter than twice the widthof
the breakwater and are not effective on open coasts, they offer certain
advantages over fixed breakwaters. Construction cost is nearly independent
of water depth and they can be used over soft or unstable bottoms which
preclude the useof fixed structures. They canbe easily relocated if necessary,
have minimal potential interference with fish migration and shoreline
processes, andcanreducebenthichabitat modification (Heinen, 1985). Many
typesof floating breakwaters areavailable forevaluation given specific harbor
siting parameters. One type which was in vogue in the mid-1970's is the
floating tirebreakwater. This type of floating breakwater exhibits manyof the
desirable qualities of others, but has some of the same limitations.
Maintenance requires time and money not typically invested in conventional
breakwaters. They cannot be moved year round in coastal areas experiencing
severeicingconditions and they do not provide the degreeof wave protection
of conventional (bottom-resting) breakwaters. They can be a hazard to
navigation and a source of liability if noteffectively marked (DeYoung, 1978).
Modern marine technology has advanced to the point where floating
breakwaters can nowbe designed andconstructed to provide totally effective
protectionagainst the heavywave actiona large body of water or commercial
ship traffic often produces. The new technology involves floating structures
developed on soundengineering andphysical principles to reduce wave forces
by as much as 90%. The designs use offset reflecting surfaces to provide a
mechanism for wave forces and Stillwater forces to directly oppose each other
(Sethness and Moore, 1989).

Piers and access routes

Piers and access routes can have detrimental effects on wetlands and
submerged areas within the harbor basin by blocking light penetration and
water flow. As happens withbulkheads andbreakwaters, water flow may be
altered, especially if piers are supported by solid bases. Wood, a major
component of many piers, pilings, and docks, is usually treated with a
preservative which discourages the establishment of fouling organisms and
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marine borers. To be effective, these preservatives must be of a poisonous
nature and of low water solubility which results in a slow leaching rate
(Chmura and Ross, 1978). Depending upon tidal ranges at the harbor site,
piers may be built over or float on the water. They should be built long
enough to reach deeper water in order to minimize the amount of required
dredging in the basin.

The potential environmental/ecological impacts of piers and pier
construction can be avoided or reducedby usingalternative materialssuch as
concrete-filled steel-reinforced PVC, plastics, or other materials. Highly
refined (grade one) creosote or alternative preservatives which minimize
chemical leaching should be used when wood is used as a construction
material. Docks and piers can be elevated as high as possible, oriented in a
north- south direction, and minimized in width to allowfor maximum sunlight
penetration. Solid structures which block water circulation should be avoided
(Heinen, 1985).

Traditionally, floating piers have used polystyrene and styrofoam
billets or metal barrels to maintain buoyancy. These materials have
limitations. Metal barrels are subject to rusting, particularly in marine
environments. Polystyrenes and styrofoam are subject to attack by wave
action, burrowing by marine animals, abrasion, and degradation from
chemicals or fuel in the water around dock areas. The byproduct of this
deterioration is small plastic particles which are aesthetically unappealing and
hazardous to aquatic life. One very successful method to overcome these
floating dock problems is the use of glass fiber reinforced concrete docks.
These docks completely encapsulate larger single blocks of polystyrene with
glass reinforced concrete. This type of floating dock system has the added
advantage of being able to be left in the water year round in areas with
potential icing conditions (Schirrcn, 1989).

During construction, the installation of piles may affect the
surrounding soil mass. Driven piles, used predominantly in small-craft
harbors, develop the greatest uplift resistance. This is the reason test piles are
routinely emplaced during the siting phase of project development. Piles in
sandysoilsbehavemuch differently than in soils witha higher claycomponent.
The importance of soil tests of both upland andwaterbottom areascannot be
overemphasized(Wortley, 1984). Piling andsubstratedisplacement canaffect
benthic and fouling communities.

Access routes which must cross wetland areas, both vehicular and
pedestrian, should be elevated so as not to restrict, impede, impound, or
otherwise interfere with natural water flows. Essentially, the cross-sectional
area of a body of water should not be effectively reduced by abutments,
support piers, pilings or other structures. When possible, existing upland
areas should be used for these access routes (Clark et al., 1980).
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Parking areas and support facilities

Becauseharbors aredirectly adjacent to the waterbodiesthey service,
the effects of surface runoff must be given high priorityduring the design of
uplandsupport facilities. This runoff may containpollutantsand may increase
turbidity in the harbor basin and surrounding waters, decreasing biological
productivity. The runoff may be naturally induced by rainfall or artificially
induced by activities such as boat and equipment washing and lawnwatering.

Some of the support facilities associated with small-craft harbors
includelaunching ramps, fuel docks,hull and engine repairshops, salesrooms
for boats, engines, and accessories, open or enclosed dry-land boat storage,
boat haul out facilities (such as a travel lift), restrooms and shower rooms,
and restaurants. Often there are also bait and tackle shops, laundry facilities,
and propane gas and bulk ice facilities. The general design rule for parking
lots is two spaces per vessel. Most of these support facilities arc non-porous
and contribute to runoff potential (Chmura and Ross, 1978).

Space for these support facilities must be allocated during the siting
phase of project development. Some larger facilities have missed an
opportunity to capitalizeon the extra income generated by support servicesby
not looking farther than the harbor basin during the siting and design phase.
Some structures which can potentially contribute greatly to runoff-associated
problems are probably unnecessary for modern harbor development. A
current example is the continued development of covered slips which are
indigenous to the south and rarely found on the Atlantic or Pacific coasts.
The cost of developing covered slips is clearly substantially greater than that
incurred for open slips. The primaryreason for constructing them in the past
was to prevent the hot sun from warping wooden boats. Today, however,
fiberglass has substantially replaced wood. In addition, the covered slip has
reduced flexibility because it cannot be used for sailboats, vessels with high
superstructures such as tuna towers, or vessels with fixed outriggers such as
trawlers (Crompton and Ditton, 1975).

An effective harbor design and stormwater management plan is
essential to maintaining water quality within the harbor. Stormwater runoff
impacts can be mitigated through proper control measures incorporated
during harbor design. Vegetated buffers such as marsh, mangrove or other
natural vegetation on the site should be maintained between land and water
areas. Clearing should be kept to a minimum. Erosion and sediment controls
should be installed before upland construction begins. Porous surfaces such
as crushed stone or shell should be used whenever possible, particularly in
parking areas. Soil percolation rates are the governing factor here and a
stormwater collection and discharge system may have to be installed if
percolation rates are low. When outfalls are necessary, they should be located
in areas with high flushing rates. Efforts should be made to retain at least
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the first inch of rainfall and route runoff through swales, wetlands, retention
and detention ponds, or other systems that will increase retention time to
concentrate potential pollutants, decrease runoffvelocity, increase infiltration,
and allow suspended solids to settle and remove pollutants (Boozer, 1979).
For upland hydrologic systems, allcomponents should be conserved in asnear
the naturalconditionas possible. The componentsneeding protectioninclude
creeks, streams, swales, sloughs, and other permanent and temporary surface
channels as well as all marshes, swamps,and other permanent and temporary
wetland units. In addition,all existing ponds, lakes, and other Stillwater areas
that are connected permanently or intermittentlywith the shorelands systems
should be maintained. A topographic profile of the harbor site, particularly
the upland portion, can be a valuable tool in establishing a stormwater
retention site in the event natural basins are not present. Natural drainage
patterns should be protected wherever practicable (Clark et al., 1980).

Fuel docks and launching ramps are the primary sources for small
spills of oil and fuel. Spills at fuel docks can be minimized by using fuel
pumps with back pressure automatic cut- off valves. Cut-off valvesshould be
available at the fuel dock and elsewhere in the harbor. Under EPA

regulationsthat took effect in December 1988, small-craftharbor owners were
given ten years to add corrosion protection to existing steel tanks and piping
and to install protection against spillsand overfills. All systems must be tested
for leaks and replaced or repaired if problems arc found. Owners arc also
requiredto install new leak detectionsystemsby 1993. Storage tanks installed
after December, 1988 must meet new requirements for spill and overfill
prevention, corrosion protection, and leak protection. The intent of these
regulations is to prevent fuel or other contents held in steel tanks from leaking
into the ground (Kleevic, 1990).

If the harbor is in an area where public sewer service can be
obtained, this service should be used. Where septic tanks are used, they
should be located in suitable soils far enough from the harbor basin and
adjacent waters and designed with sufficient capacity to prevent the leaching
of nutrients or contaminants. Wastes from vessel pumpouts should be
handled separatelyas the chemicaldisinfectants used can destroy the bacteria
necessary to decompose wastes in onshore treatment facilities (Heinen, 1985).

Boat ramps should be given special consideration during the siting
and design phase of the project. Accordingto the latest statistics over half
of all boats in the United States, an estimated total of 5,987,000, are
transported on trailers (NMMA, 1989). Space should be left in the ramp area
for adequate maneuvering of vehicleswith trailers. The ramp(s) should slope
no more than 12% and the breakover angle (changein slope from horizontal)
shouldbe no more than 6°. This willminimize discharge of exhaust in or near
the waterway andavoidthe adverse aesthetic andenvironmental impact of tow
vehicle tire material being left on the ramp (Hauf and Boaz, 1970). Ramp
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sites should be located along shorelines containing minimal wetland vegetation
and adjacent to waters of adequate navigational depths. They should be
restricted to areas that do not require dredging to gain access to navigable
waters where feasible. When boat ramps are built in proximity tograssbeds,
channel routes should be clearly marked to avoid damage to the grassbeds by
propellers and propwash (NMFS, 1983).

Summary

The need for more small-craft harbors is evident. In the State of
Florida, there is ashortfall of90,000 slips and moorings. In Michigan, astudy
indicated ashortfall of29,000 slips and moorings and aresultant loss of15,000
new boat sales representing approximately $40 million in lost economic
opportunity (Gilmour, 1989). These are not isolated or extreme situations.
The demand for boating facilities is expected to expand as upward trends in
income levels and leisure time combine with technological developments in
vessels which make equipment more reliable, more mobile, and less costly.

Some national trends experienced in the 1980's will continue through
this decade. It is expected that boat registrations will remain at arelatively
stable rate of650,000 boats per year and that new major facilities (i.e., more
than 250 berths) to be built each year will remain in the 150 to 200 marinas
per year range. The reason these rates have not increased along with the
popularity of boating is that natural harbors and other environmentally
suitable sites have already been developed (Klancnik, 1990).

Addressing potential environmental/ecological impacts ofsmall-craft
harbor construction in the coastal zone necessitates a concise and current
knowledge of biological interactions, water chemistry, hydrology, geology,
engineering practices, and economics. The placement ofashoreline structure
in acoastal environment can result in habitat loss due to construction and/or
consequences subsequent to placement. It mustbe remembered that all facets
of small-craft harbors are site-specific.

While construction and placement of harbors can alter the natural
environment, the addition of harbor structures can also provide habitat that
can be beneficial in less productive environments. Structures such as
revetments, breakwaters, and piers can act as artificial reefs and supply
substrate for animal colonization. The tradeoffs in species diversity and
biological production are important considerations in any small craft harbor
project. The environmental/ecological aspects of small-craft harbor
construction are an important part of the overall project planning and
implementation process.
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Port Development-Its Relationship to our Coastal Experience

Toni Whitmore

Massachusetts Port Authority

Introduction

As we attempt to address such broad and ominous topics as coastal
experience and portdevelopment, I am struck by howdiverse our panel topics
are; not to mention the broad mandate and issues that the whole conference
is addressing. As I strive to give you what is sometimes a different
perspective from the more mainstream coastal topics, I am reminded of the
last conference which focused specifically on ports and harbors, and
symbolically was held in our country's oldest port city, Boston. I think it
would be safe to say that when coastal conferences are being planned and
topics for workshops being organized, the word "port development" is often
omitted. The first call for papers for thisconference, in fact, did not list"port
development" as one of its themes.

I give this preamble as an example of some of the difficulties we all
face in integrating planning of the various aspects of port and coastal
development. Historically, ports and their governing bodies were usually
seperate entities and were not thought of as part of the process for coastal
andharbor development. I harkbackto the 1988 Coastal Societyconference
because of its commitment and forward thinking in bringing the theme of
ports to the mainstream of the Society and for making that theme an integral
part of the coastal experience and coastal planning.

Not only does the conference cover a broad canvas, but port
development is a complex concept and I propose that it includes almost all
aspects of landside and coastal issues that our major coastal cities face.
Because the image of a port is usually oriented to the waterand the imageof
a harbor is landbased, our thinking and planning for the future of our port
cities need to mesh this image; otherwise we will not understand their
relationship and how best to work in tandem on our shared issues.

It has been my experience, even with a captive audience with
heightened coastal awareness, that the least understood part of our coastal
world is the working port. Often a port signifies manyand conflicting uses to
a region and the citizenry of that region. It is different than a harbor, yet
interrelated. First and foremost it is a public resource, a source of commerce
andthe livelihood to thousands of people whowork in the maritime industry.
It is the maritime entrance to a cityand a place for recreation, and to some,
a view to be developed. In Boston, the port evokes images of sea-faring
adventurers, the BostonTea Party, and the center of colonial America.
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Background

Port cities developed during the colonial period because of the
geography and natural deep water harbors in the region. Boston and
Philadelphia became the historic and commercial centers of colonial America
because of their natural harbors and their relatively short sailing times to
England compared with other colonial cities. The quest for new trade routes
led to both the economic growth of the new country and eventually
contributed to the degradation of the coastal waters. Much of our country's
development can be traced through the history of water transportation. Our
coastal heritage parallels the development of the nation's trade and gives us
the framework for understanding where we have been. But managing our
coastal and marine environment for the future must be carried out in a very
different manner.

In the early 1700's, three of the preeminent port cities were Boston,
Philadelphia, and Charleston. In 1990, there are 188 deep-water commercial
seaports alongthe United States coastal watersand 1,435 navigablewaterways,
harbors, and riverways whose usage and quality are interrelated. While
commercial seaports comprise only 2% of America's shoreline, or
approximately 1,650miles of the coast, they are the keystone of international
trade (Hershman, 1988). Approximately 50% of the US population lives near
a coastal city and in the year 2000, 80% of the population will be along the
water's edge, placing even greater demands on coastal and port cities.

Traditionally, port development hasbeen sharedby publicand private
entities. Channel dredging is the responsibility of the U.S. Army Corps of
Engineers, but most port development rests with the local authority and
private industry. Many countries, such as Japan and Canada, have central
governing bodies, but the United States has no one agency responsible for
port planning on a national basis.

Some of this division was changed by the passage of the Water
Resources Development Act of 1986(P.L. 99-662),which significantly altered
the relationship of federal, state, and local authorities around improvement in
harbor and waterway maintenance (Pisani, 1989). So, where does that lead
us in governing our coastal resources during the next 10 years and into the
21st-century?

With all due respect to maritime and coastal history, the past models,
if there were any, are obsolete. We have all learned that our coastal
resources are one of the most endangered and fragile national treasures.
Coastal degradation is not being reversed in most areas and the demands on
the landside are overwhelming. Federal funding is becoming almost
nonexistent and cities and states, particularly in the Northeast with its aging
infrastructure, are finding the burden insurmountable. None of us has the
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simple solution but, as a case study, I would like to present some of the
examples from Massachusetts thathaveworked, or at leastpeopleareworking
at making them work. But first, I would like to outline a few more concepts
about ports.

What is a Port?

In the past, thisquerywouldbe verysimple to answer: a portwas the
transfer point for cargo and passenger traffic among vessels. But portstoday
are much more than that. They are one of the primaryeconomic generators
and resources in a regionthroughwhichmost of our country'sand the world's
international trade is executed. They areclearly part of the fabric of an urban
area,whose development is interrelated to the management of the port area.

Ports are both public entities and competitive businesses, competing
with each other for commerce and having to deliver a service at a market
price with efficient and cost effective management. Ports as transfer points
for international trade are the transportation links which are vital to that
trade, which is estimated to be 25% of the U.S. Gross National Product.
They arealso essential to the national defense of the United States, asstaging
points for military deployments and reinforcement and for the handling of
commercial cargo in support of our allies. Prior to the Persian Gulf crisis, US
foreign trade was projected to exceed onebillion tons in the 1990's (Ricklefs,
1989). The role of shipping in world trade and military needs has been
brought into the spotlight with this recent international event.

Now that the economic definition of a port has been delineated, I
would like to apply the concept of a port to basic bread and butter ideas.
How many of us know how our car, our spirits, and probably our shoes and
manyof our clothes enter our lives? Chances are that if it was imported, it
camethrough the Port of Boston, the Port of NewYork and New Jersey, the
Port of Los Angeles, or the Port of Houston-in a container and loaded on a
double stack train or onto a truck and then to its final destination. Do you
plant bulbs in October? One of the largest ships on the North Atlantic, the
AtlanticClass vessel which calls on the Portof BostoneachTuesday,washeld
in its European port sue hours for 25containers of Holland tulipsbulbsto be
loaded. If the bulbs did not make that sailing, both the Dutch economy and
American gardeners would have been negatively affected. I know most
visitors and certainly residents have strolled along Quincy Market in Boston
or the Harborfront in Baltimore, but few have ventured across the other side
of the expressway to watch a container ship come into the terminal.

Governance and Coordination

As with allcomplex organisms, ports do not and shouldnot operate
in a vacuum or as a seperate entity. We are all too aware of the demands
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placed on our port cities' infrastructure, both on the water side and the
landside. Thegovernance and stewardship of ports embody some of themost
serious environmental issues that our nation and world face. Because ports
represent a complex mixture of commercial, urban, marine, andcultural users
and uses, they demand a stewardship that protects, revitalizes, and maintains
their integrity and purpose. In the last several decades, ports have made
substantial capital investments and used considerable resources toward
improving the maritime properties and in addressing a wide gamut of
environmental issues. This investment benefitted not just the port community
but the port city as a whole.

Many, if not all the dilemmas that confront coastal planners also
confront port planners: wetlands protection; coastal degradation; recreational
use; coastal zone management; public access; disposal ofdredged material; oil
spill management; and maintenance of our nation's transportation corridors.

Proper disposal of dredged material is the foremost environmental
dilemma facing US ports during the 1990's. Contaminated sediments, a
relatively new environmental issue facing ports, occur in channel dredging
projects and the development of the shore. Ports face critical challenges in
maintaining the development necessary for their operation while sustaining the
goal of no net loss of criticalwetlands.

In Massachusetts alone, we have over 20 city, state, and federal
jurisdictions overseeing the myriad web that governs our waterfront. Andyet
there are still gaps-such as responsibility for developing adequate rail access
to the port to relieve the burden of transporting cargo on our city and state
roads and highways. This issue is, not surprisingly, a major environmental
issue for all cityand waterfront development.

Most ports are located within dense urban areas which severely limit
their ability to plan better rail and truck access and protect shrinking
waterfront sites for maritime use. One of the most pressing challenges for
ports is the competing use for valuable waterfront land. Once a hotel or
condominium graces that site, the maritime industrial use is lost for the
future.

On the landside, a port requires a rangeof backland servicessuch as
trucking, ship repair, and storage, which are integral components of a port's
ability to function and operate productively. As ships become larger, there is
a rising demand for landside space for containers, intermodal rail and truck
facilities, and all the services that accompany large operations.

The changing role and importance of ports and their coordination
with city, state, and federal agencies can be traced to the changing attitudes
toward our waterfront legacy. In the 1970's, urban waterfronts were being
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rediscovered across the United States, as witnessed by the Quincy
Marketplace development in Boston and the renaissance of the Baltimore
waterfront. Industrial and abandoned maritime properties were being
reclaimed for residential, commercial, and office uses that threatened to
permanentlydisplace cargo handling activities.

A nascent environmental movement sponsored legislation which
helped to alter public perceptions of appropriate waterfront land uses. The
federal commitment to coastal zone management placed the burden of
justifying proposed waterfront land uses upon property owners.

Again, to use Massachusetts and the Port of Boston asa case history,
the city and state have developed compatible zoning regulations which
mandate preservation of certain maritime economic reserve zones for
maritime industrial use. This example has been followed in several other port
cities. The Massachusetts Port Authority invested over $240 million during
the last decade in its waterfront properties. This investment was not
generated from state, city, or federal dollars, but from user fees, rents, and
independent bonding revenue. Each ton of cargo handled at the Port of
Boston's seaport facilities created $985 in regional economic benefits. The
direct and indirect ecomomic benefits of seaport facilities are $1.3 billion per
year. When appropriate and feasible, properties in Designated PortAreasare
purchased to support and provide working waterfront activities.

Beyond the broad mandate of managing and operating public
terminals, ports share a variety of important but secondary goals:

*port advocate and planner;

•promoterofwater-dependent uses, e.g., capital investment in facilites
for fish processing and lobster industries; assistance with water
transportation facilities, such as the Airport Water Shuttle
operations in Boston;

'improver of port acess - good inland transportation infrastructure,
which has a profound environmental impact on the area surrounding
port facilities;

*redeveloper of obsolete properties; provider of public access to the
waterfront - whenever feasible and appropiate, public open space and
access to the waterfront.

The issuesare not becoming easier or less costlyto solve. We must
all work toward a way to balance multiple demands and use of our coastal
waters and land, to work at solving the issues together, to lessen the
jurisdictional battles in doing so, and to respond and react to environmental,
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community, and economic needs of our port cities.
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Membrane Structures in Water for Fisheries Development and
Environmental Protection

Takashi Kano, Tokyo University of Fisheries
Hirokazu Minami and Yutaka Honjo, Taiya Kogyo Corporation

Abstract

In Japan, one can see long linear, flexible floats in the vicinity of all
underwater construction sites. Canvas sheets are installed vertically beneath
these floats in order to prevent resuspended sediment particles from being
advected away from the construction site. This paper presents typical
examples of silt protector sheets which are installed at construction sites,
reviews test data on their effectiveness, and discusses possiblenewapplications
of this technology.

Silt Protector Sheets

Silt protector sheets are canvas sheets made of synthetic fibers and
coated with synthetic resins. These sheets have low permeabilities and are
designed to trap or limit the dispersal of soil particles injected into the water
column during underwater construction projects. The several types of silt
protector sheets are described below.

(a) self-standing type

Typically, a silt protector sheet is suspended from floats at the water
surface, with the bottom edge hung with chain to stretch the sheet vertically.
In cases where large amounts of suspended material are anticipated, the
bottom chain is replaced with bya large-diameter sand removal pipe (Fig. 1)
The upper edge of the self-standing design need not be at the water surface.
If circumstances so dictate, adjustments to floatation levels are used to
regulate the height off the bottom of the top edge of the sheet.

(b) large depth type

This type of silt protector consists of two separate sheets, as shown
in Figure 2. One sheet generally hangs vertically from the surface and the
other is a self-standing unit of the type described above. At substantial
depths, total acting forces on the sheet due to water flow become large
enoughto make a single sheet deployment problematic. In designing multiple
sheet deployments in deep water situations, several factors are considered,
including which of the sheets (surface or bottom) is placed in the upstream
position, the optimal horizontal distance between the sheets, and the optimal
height ratio of the two sheets. Based on experimentswith aerial flowmodels,
numerical simulations, and hydraulic model tests, maximum effectiveness is
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produced when the self-standing unit is in the upstream position, the height
of each sheet is approximately one-half the water depth, and the horizontal
distance between the sheets is more than twice the water depth (Kanoet al.,
1989).

Approximately9.0 km of this style of silt protectorwas installed at a
land reclamation projectat the newOsaka International Airport. The curtain
enclosed the reclamation area, protecting nearby fishing grounds from
suspended sediments associated with the project.

(c) submerge and refloat type

At construction sites where vessels must passthrough the areawhere
the protector sheet is deployed, generally the case with reclamation and
dredging projects, this type of silt protector is required (Fig. 3).

(d) sites with large water level fluctuations

A silt protector such as that shown in Figure 4 is used at sites
characterized by large water level fluctuations. Such a design controls the
amount of slack produced in the sheet during periods of low water.

(e) bucket type

This type of silt protector is attached directly to the dredge in
reclamation or dredging projects (Fig. 5). It is used in combination with one
of the above types of silt protectors, which is used to enclose a larger region
around the dredging area, as shown in Figure6.

Reclaiming a Pond in a River Using a Silt Protector

The Sumida River, which flows through the center of the Tokyo
metropolis, is highly polluted by sewage and industrial wastewater. The
biological community of the river is severely stressed. Recently, Arakawa
Ward of the Tokyo metropolis initiated planning for a major development
along the riverfront. One component of this development project will be the
Arakawa Play Garden, which is to be constructed on the riverbank and will
feature the creation of aquatic and riparian habitats to attract fishes and other
organisms.

The Sumida is a tidal river with maximum flow velocities on the ebb

of spring tides of nearly 4.0 m/s. This high energy environment, and the
heavy use of the Sumida by commercial vessels, indicated to planners that it
would be impossible to improve aquatic habitats of the entire river basin at
one time. Ward planners decided to focus primarily on improving dissolved
oxygen concentrations in an enclosed basin to be constructed along a stretch
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of the river in the downtown area. The fish species that planners expect to
attract to the basin are gibel and carp. Aeration by bubblingat the center
of the basin is planned, but the impacts of the rapidly flowing water outside
the enclosing silt protector was unknown. Hydraulic model tests were
conducted to determine the water maintaining capacity of the silt protector
sheets and the effects of the sheets on the convection of water induced by the
aeration process. A plain view of the enclosure and related facilities of the
hydraulic model test is shown in Figure 7.

The results of the hydraulic model test showed that waterexchange
through the siltprotector was quitesmall; movement of aerated water through
the silt protector curtain was minimal. The enclosing silt protector confined
and accelerated convection in the basin. Based on this demonstration of the
effectiveness of siltprotector sheets in improving water quality, the project will
be completed in the coming financial year.

Other Possible Uses of Silt Protector Sheets

(a) submerged fish habitat structure

In most cases, artificial fishery habitat structures are installed on the
bottom of a lake, river, or coastal waterbody, although surface-floating
structures have also been developed for this purpose. Mid-water locations
are often desirable for habitat structures designed for certain pelagic fish
species. However, due to construction and maintenance difficulties, mid-
water artificial habitats are not much used. Such structures, if fabricated from
membrane material, would probably be relatively simple to install and have
low maintenance requirements. A large bag constructed of silt protector
sheetsand filled with sufficient water to render it neutrally buoyant would be
relatively easy to locate and tether in a mid-water location (Fig. 8).

(b) localized water quality improvement

This is a variation of the Sumida River project. Clean water from a
well is continuously supplied to a degraded tidal basin enclosed with silt
protector sheets. Degraded water inside the basin would gradually pass
through the sheet and be displaced by the cleaner water (Fig. 9).

Problems Associated With Silt Protector Sheet Technology

Evidence indicates that the strength of silt protector sheets gradually
decreases during prolonged submerged exposures. Additionally, the sheetsare
attractive to various biofouling organisms. Strength deterioration and
biofouling are problems limiting the further application of this technology in
aquatic systems. Submergence tests over a 3-year period indicate that the
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nature of the coating material used on the sheets plays an important role in
the durability of the sheet and its susceptibility to marine fouling (Minami et
al., 1990).
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Fig. 1 Self Standing Type
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Fig. 2 Large Depth Type
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(b) Submerged

Fig. 3 Submerge and Refloat Type

Fig. 4 For Large Fluctuating Site

607



Fig. 5 Dredging Machine and Bucket Silt Protector

Fig. 6 Bird Eye View of Dredging Works
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Fig- 7 Plain View of Enclosure and Facilitif

Fig. 8 Submerged Fish Habitat Structure
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Fig. 9 Clean Water Basin Using Silt Protector
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