Petroleum products can also cause cancer and impair immune response in fish
and other aquatic life.

Bacteria

Many scientific studies have shown that boats and runoff from marinas can be a
significant source of fecal coliform bacteria in areas of high boat density and poor
water flushing. High bacteria concentrations are a public health threat. People
can contract diseases or even die from coming into contact with contaminated
waters or by consuming shellfish from waters with elevated bacteria levels. High
bacteria concentrations have closed shellfishing areas and swimming beaches
near marinas.

Reduced Water Flushing
Marinas that restrict water flushing and movement can contribute to low
dissolved oxygen levels and a build up of toxic compounds.

Disruption of Sediment and Habitat

Inappropriate boat operation and dredging can destroy habitat, re-suspend
bottom sediment, and reduce water clarity. Constructing marinas, ramps, and
related facilities can physically alter or destroy wetlands, sheilfish beds and other
bottom communities. Re-suspending bottom sediments during dredging often
reintroduces toxic substances into the water column. As the sediments settle
back down, they can bury benthic organisms, suffocating them. Cloudy, or turbid
water, blocks light from reaching aquatic plants, such as submerged aquatic
vegetation (SAV), reducing their photosynthetic activity. SAV provides valuable
habitat for many important fish and shellfish, such as crabs.

Shoaling and Shoreline Erosion

Shoaling and shoreline erosion result from physical fransport of sediment due to
waves and/or currents. increased boat traffic can cause unnatural wave action
that erodes coastal shorelines, introducing added sediment into the water
column.

Section C4: Overusing Water to Maintain Urban Landscapes

Information obtained directly from:
htip://www.epa.gov/OW/you/chap?2.htmi

The overuse of water to maintain urban landscapes results in direct and indirect
types of non-point source pollution. Direct non-point source poliution problems.
associated with water overuse for landscape maintenance include increased
nutrient and soil runoff from the landscaped area, as well as other poliutants from
urban and developed lands. indirect pollution problems include increasing overall
demand for additional development and use of water supply reservoirs.

Decreasing the amount of water used for landscape maintenance and
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implementing pesticide management plans can reduce the entry of these
pollutants into surface and ground waters.

Failed or Failing Onsite Disposal Systems

Overusing water in the household can lead to the failure of onsite sewage
disposal systems (OSDS), as well as increased addition of pollutants associated
with household water uses to surface and ground waters (Table 3 below).
Because many OSDS soil absorption field failures are attributed to hydraulic
overload, reducing water use at many locations in the average household leaking
toilets and other fixtures, showers and baths, inefficient appliances such as
dishwashers or washing machines will ease hydraulic loading.

Table 3. Paily domestic water wie and pollutant Yomdings by sourees.

Susponded Tora Total
Vel BOD Solids Mitrogeds Phusphorus

Water Uise {galicapita)  fgramafcapita]  Iyremisicapital  (gramdicapita) {gramaicapite)
Uimrbage Disposst 1.2 i B e 44 HE
Fodhat e W P BE ¥
Bamiog ot Shrvks 2E4 g 38 14 23
hmoadanatun H.5 L] a4 ki G0
Toaal 4 4 53.0 57.1 44 &8

Bource: USERA, 190

Section C6: Lake Tahoe Regional Planning Agency, The Relationship
Between Boating Activity on Lake Tahoe and Contamination from
Polycyclic Aromatic Hydrocarbons (PAH)

information obtained directly from:
hitp://www.irpa.org/default. aspxiabid=126

Motorized watercraft can be a source of a range of water quality contamination,
not only from the operation of the engine, but also from fuel spills, discharges of
oil and grease, and other sources. The contamination from engines is due to the
fact that outboard motors discharge their exhaust directly into the water, and
inboard/stern drive motors typically discharge their exhaust below or at the water
line. Marine engines emit hydrocarbons and oxides of nitrogen, typically nitrogen
oxide and nitrogen dioxide. Some portion of these nitrogen oxides, which are
directly emitted into the Lake, can potentially be converted to nitrate. The
nitrogen oxides that enter the atmosphere are potentially available to be
transformed into nitrate through atmospheric processes that can result in
atmospheric deposition of nitrate. No marine engines (outboards or inboards,
gasoline or diesel powered) have had o comply with the emissions regulations
for automobiles.

42




EPA studies have indicated that carbureted two-stroke outboard engines
exhaust, unburned, one-quarter of the fuel they consume. On a per-gallon basis,
personal watercraft can emit a minimum of 23 percent more ambient
hydrocarbon emissions than other two-stroke engine watercraft. Increased
discharge impacts created by incomplete combustion due to the effects of high
altitude can occur. Two and four-stroke engines do not perform as designed
when incorrectly tuned for Lake Tahoe’s elevation, which contains 28 percent
less air at Standard Temperature and Pressure than found at sea level. The
lower air pressure causes fuel to burn incompletely in vessels whose carburetors
are tuned for a lower altitude. The un-tuned two-cycle outboard consumes about
three times as much fuel as a tuned two-stroke engine.

Studies by scientists in the 1960s determined that fuel concentrations as low as
one part per million (ppm) in seawater can be detected by smell. This indicates
that one gallon of fuel will taint one million gallons of seawater. Eight parts per
million will taint the flesh of fish (Nelson, 1994). Although the toxicity of the oil
and gas mixture burned by outboards appears to be low, the combustion process
can potentially lead to the formation of PAH. PAH can remain in the micro-layer
on the surface of the water, which is a breeding ground for small organisms that
form the base for aquatic food chains. They can also be found bound to the
sediments at the bottom of bodies of water.

EPA, 2003 has designated fifteen PAHs, having three rings or greater, as priority
pollutants because of their suspected harmful health effects on humans (EPA,
2003) (see) 7. PAHSs have been found to be toxic 1o aquatic organisms, even in
very low concentrations. The larger molecules, with more rings, tend to be much
less water-soluble, hiodegradable, and volatile than those containing fewer rings.
Although the greater solubility of the smallersnolecules makes them more
available to organisms, their low persistence reduces the time that these
organisms are exposed to them. The larger molecules, on the other hand bind
strongly to tissues of exposed organisms. In general, the lighter molecules are
more of an acute threat while the heavier molecules are a more persistent or
chronic threat.  In addition, some of these PAHs are modified in the presence of
sunlight causing toxic effects in the cells of exposed organisms. This is termed
“vhototoxicity”, and it is a significant potential problem in Lake Tahoe and other
high elevation ultra-oligotrophic lakes due partly to the unique clarity, altitude,
and other qualities of the lake waters. Giesy (UNR, 2003) indicated that
enhancement of toxicity is as much as 50,000 times greater in sunlight than in
dark conditions.
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Appendix D
Marina Siting Standards References and Supporting Information

Section D1: Tennessee Valley Clean Marina Guidebook, Tennessee Vailey
Authority, Section 5, Marina Siting, Design, and Maintenance

Information obtained directly from:
htip://www.tva.gov/environment/water/boating. htm

Marina siting and design play important roles in determining how good water
quality within a marina basin will be. Marina location affects circulation in a
marina basin, and, therefore, how well it flushes. Marina design, especially the
configuration of the basin and its orientation to prevailing winds, waves, and
currents, affects the retention of pollutants in the marina and the movement of
poliutants out of a basin.

Existing marinas can improve water and habitat quality in the marina basin
through application of BMPs. A marina designed with the important points of the
management measures in mind will probably have better water quality and fewer
water-pollution-related problems during its life of operation, and economic
benefits may result from making such improvements. Simple yet effective forms
of monitoring that provide valuable information about the conditions in the water
can be done by someone knowledgeable of the marina and the surrounding
waterbody. Visual inspections of the abundance and appearance of aguatic
plants in and around the marina, use of the marina and surroundings by ducks
and geese, the appearance of bottom sediments, the general clarity of the water
near docks, and the abundance of fish can provide all the information necessary
to judge the health of the water. All of these characteristics are indicators of the
health of the waters. '

Water quality assessments are generally done as a part of marina development
or significant expansion. The widespread use and proven effectiveness of water
quality assessments in determining the suitability of a location for marina
development, the best marina design for ensuring good water quality, and the
causes and sources of water quality problems make this management measure
broadly applicable to marina management.

This management measure also includes assessments of how marinas can
incorporate natural habitats into their siting and design. If a marina is properly
designed and located, aquatic plants and animals should be able to continue to
use the marina waters for the same activities that occurred in the waters before
the marina’s presence.
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Section D2: Managing Nonpoint Source Pollution from Boating and
Marinas, Pointer No. 9 EPA841-F-96-004!

information obtained directly from:
http://www.epa.gov/iowow/nps/iacts/point9.him

Managing Siting and Design for Marinas

The siting and design of marinas are two of the most significant factors impacting
marina water quality. Poorly planned marinas can disrupt natural water
circulation and cause shoreline soil erosion and habitat destruction. To reduce
activities that cause NPS pollution, marinas should be located and designed so
that natural fiushing regularly renews marina waters. In addition, predevelopment
water quality and habitat assessments should be conducted to protect
ecologically valuable areas. Grass and ground cover planting or, where
necessary, structural stabilization measures can help prevent erosion during and
after marina construction. Stormwater runoff can be controlled by implementing
pollution prevention strategies and propetrly containing hull maintenance areas.
Marina fueling and sewage collection stations should be maintained and
designed to make cleanup of spills easier. When completed, the final marina
design should deliver the most desirable combination of marina capacity,
services, and access, while minimizing environmental impacts and onsite
development costs.

Section D3: Management Measures for Marinas and Recreational Boating,
Guidance Specifying Management Measures for Sources of Nonpoint
Pollution in Coastal Waters, Section I, Marina Flushing Management
Measure

Information obtained directly from:
hitp://www.epa.gov/iowow/nps/MMGI/Chapterb/chb-1 him#Toxicity.

Site and design marinas such that tides and/or currents will aid in flushing
of the site or renew its water regularly.

This management measure is intended to be applied by States to new and
expanding marinas. Under the Coastal Zone Act Reauthorization Amendments of
1990, States are subject to a number of requirements as they develop coastal
nonpoint source programs in conformity with this measure and will have some
flexibility in doing so. The application of management measures by States is
described more fully in Coastal Nonpoint Pollution Control Program: Program
Development and Approval Guidance, published jointly by the u.s.
Environmental Protection Agency (EPA) and the National Oceanic and
Atmospheric Administration (NOAA) of the U.S. Department of Commerce.
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Description

The term flushing or residence time is often misused in that a single number
{e.g., 10 days) is sometimes given to describe the flushing time of an estuary or
harbor. In actuality, the flushing time ranges from zero days at the boundary to
possibly several weeks, depending on location within the marina waterbody.

Maintaining water quality within a marina basin depends primarily on flushing as
determined by water circulation within the basin (Tsinker, 1992). If a marina is not
properly flushed, poliutants will concentrate to unacceptable levels in the water
and/or sediments, resulting in impacts to biological resources (McMahon, 1989;
NCDEM, 1930, 1991). In tidal waters, flushing is primarily due to tidal advective
mixing and is controlled by the movement of the tidal prism into and out of the
marina waterbody. A large tidat prism relative to the mean total volume of the
waterbody indicates a large potential for flushing because more of the "old” water
has a chance to become mixed with the "new" water outside the boundary or
opening to the waterbody. '

In nontidal coastal waters, such as the Great Lakes, wind drives circulation in the
adjacent waterbody, causing a velocity shear between the marina basin and the
adjacent waterbody and thereby producing one or more circulation cells
(vortices). Such cells can have a flushing effect on water within a marina. The
current created by local wind conditions is influenced by its persistence in terms
of velocity and direction. The depth of the affected water layer is controlied by
temperature and how the salinity changes with depth. Several hours of consistent
wind are required for full development of wind-driven currents. These currents
can be 2 percent of the wind's velocity and are generally downwind in most
shallow areas {Tobiasson and Kollmeyer, 1991). In many situations wind-driven
currents will provide adequate flushing of marina basins.

The degree of flushing necessary to maintain water quality in a marina should be
balanced with safetly, vessel protection, and sedimentation. Wave energy should
be dissipated adequately to ensure that boater safety and protection of vessels
are not at risk. The protected nature of marina basins can result in high
sedimentation rates in waters containing high concentrations of suspended
solids. Methods for assessing and mitigating sedimentation rates are available
(NRC, 1987).

Management Measure Selection

The measure was selected because it has been shown that adequate flushing
will greatly reduce or eliminate the potential for stagnation of water in a marina
and will help maintain biological productivity and aesthetics (Tsinker, 1992;
SCCC, 1984). Presented below are some illustrative examples of flushing
guidelines in different coastal regions and different conditions. In areas where
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tidal ranges do not exceed 1 meter, as in the southeastern United States, a
flushing reduction {the amount of a conservative substance that is flushed from
the basin)} of 90 percent over a 24-hour period has been recommended. For
example, a flushing analysis for a proposed marina/canal on the St. Johns River,
Florida, was conducted {o predict how an effluent would disperse and to
determine the configuration that would provide for maximum flushing of a
hypothetical conservative pollutant (Tetra Tech, 1988). The selected design
provided the recommended flushing reduction of 90 percent over a 24-hour
period. This study showed that employing modeling to demonstrate how {o
achieve the recommended flushing rate is effective at avoiding adverse water
quality and other environmental impacts. In the Northwest, a minimum flushing
reduction of 70 percent per day was judged 1o be adequate (Cardwell and Koons,
1981). The 70 percent value, which represents the overall mean flushing rate for
the marina basin, was based on the prevailing 1.82-meter tidal range for a 24-
hour period. However, if the marina was in a protected area, such as an estuary
or embayment, where tidal ranges never attain 1.82 meters, then a minimum
flushing reduction of approximately 85 percent per day was recommended.

Practices

As discussed more fuily at the beginning of this chapter and in Chapter 1, the
following practices are described for illustrative purposes only. State programs
need not require implementation of these practices. However, as a practical
matter, EPA anticipates that the management measure set forth above generally
will be implemented by applying one or more management practices appropriate
to the source, location, and climate. The practices set forth below have been
found by EPA to be representative of the types of practices that can be applied
successfully to achieve the management measure described above.

A. Site and design new marinas such that the bottom of the marina and the
entrance channel are not deeper than adjacent navigable water unless it
can be demonstrated that the bottom will support a natural population of
benthic organisms.

Existing water depths can affect the entire marina layout and design. Therefore,
if depth information is not available, bathymetric surveys should be conducted in
the proposed marina basin area as well as in those areas that will be used as
channels, whether existing or proposed (Schluchter and Slotta, 1978). Flushing
rates in marinas can be maximized by proper design of the entrance channel and
basins. For example, in areas of minimal or no tides, marina basin and channel
depths should be designed to gradually increase toward open water to promote
flushing (USEPA, 1985a). Otherwise, isolated deep holes where water can
stagnate may be created (SCCC, 1984).

Good flushing alone does not guarantee that a marina's deepest waters will be
renewed on a regular basis. Several studies have concluded that deep canals
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and holes deeper than adjacent waters are not adequately flushed by tidal action
or by wind-generated forces and thus cause stagnant or semi-stagnant
conditions (Walton, 1983; Barada and Partington, 1972). Lower layers in canals
and basins can act as traps for fine sediment and organic detritus and exhibit low
dissolved oxygen concentrations. Lower-layer stagnation can occur in holes of
depths less than 10 feet (Murawski, 1969). The low DO concentrations, resulting
from an oxygen demand exerted by resuspended sediments and decaying
organic matter, can impact aguatic life in the warmer months when the normal
DO concentration is lower because of higher temperatures (Sherk, 1971). Fine
sediments trapped in deep holes may form a thin surface ooze, which gives poor
internal oxygen circulation and leads 1o oxygen reduction both within the
sediments and in the overlying water (USEPA, 19786).

B. Design new marinas with as few segments as possible to promote
circulation within the basin.

Flushing efficiency for a marina is inversely proportional to the number of
segments. For example, a one-segment marina will not flush as well as a marina
in open water, a two-segment marina will not flush as well as a one-segment
marina, and so forth. Figure 5-1 presents examples of marinas with one segment
and more than one segment. The physical configuration of the proposed marina
as determined by the orientation of the marina toward the natural water flow can
have a significant effect on the flushing capacity of the waterway. The ideal
situation is one in which the distance between the exchange boundary and the
inner portion of the basin is minimized. As the shape of the basin becomes more
elongated (i.e., more than one segment) with respect to total surface area, the
tidal advective or other dispersive mixing processeas become more confined
along a single flow path, and it takes longer for a water particle originating in the
inner part of the basin to travel the greater distance to the boundary.

The marina's aspect ratio (the ratio of its length to its breadth) should be used as
a guideline for marina basin design with respect to flushing. This ratio should be
greater than 0.33 and less than 3.0, preferably between 0.5 and 2.0 (Cardwell
and Koons, 1981). For rectangular marinas with one entrance connected directly
to the source waterbody, the length-to-breadth ratio should be between 0.5 and
3.0 to eliminate secondary circulation cells where mixing and tidal flushing are
reduced (McMahon, 1989).

Marina configurations that promote flushing exhibit, in general, betier dissolved
oxygen conditions than those with restrictions or stagnant areas such as
improper entrance channel design, bends, and square corners (NCDEM, 1990).
These areas also tend to trap sediment and debris. if debris are allowed to
collect and settle 10 the bottom, an oxygen demand will be imposed on the water
and walter quality will suffer. Therefore, square corners should be avoided in
critical downwind or similar areas where this is most likely to be a problem. If
square corners are unavoidable because of other considerations, then points of
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access should be provided in those corners to allow for easy cleanout of
accumulated debris. _

in tidal waters, marina design should replace conventional rectangular boat basin
geometry with curvilinear geometry to eliminate the stagnation effects of sharp-
edged corers and to exploit the natural hydraulic patterns of flow and prevent
the occurrence of areas where flushing is negligible (Cardwell and Koons, 1981).
By combining these elements in the design of a marina, analytical studies have
suggested that a strong internal basin circulation system could develop, resulting
in acceptable water quality levels (Layton, 1991).

C. Consider other design alternatives in poorly flushed waterbodies (open
marina basin over semi-enclosed design; wave attenuators over a fixed
structure) to enhance flushing.

In selecting a marina site and developing a design, consideration of the need for
efficient flushing of marina waters should be a prime factor along with safety and
vessel protection. For example, sites located on open water or at the mouth of
creeks and tributaries usually have higher flushing rates. These sites are
generally preferable to sites located in coves or toward the heads of creeks and
tributaries, locations that tend 1o have lower flushing rates.

in poorly flushed waterbodies, special arrangements may be necessary to ensure
adequate overall flushing. In these areas, selection of an open marina design
and/or the use of wave attenuators should be considered. Open marina designs
have no fabricated or natural barriers, which tend to restrict the exchange of
water between ambient water and water within the marina area. Wave
attenuators improve flushing rates because water exchange is not restricted.
They are also attractive because they do not interfere with the bottom ecology or
aesthetic view. Other advantages include their easy removal and minimization of
potential interference with fish migration and shoreline processes (Rogers et al.,
1982). '

The effectiveness of wave attenuators is usually dependent on their mass
(Tobiasson and Kollmeyer, 1991}. The greater the horizontal and draft
dimensions, the greater their displacement and effectiveness. Floating wave
attenuators have limitations on their use in extreme wave fields, and site-specific
studies should be performed as 1o their suitability.

D. Design and locate entrance channels to promote flushing.

Entrance channel alignment should follow the natural channel alignment as
closely as possible to increase flushing. Any bends that are necessary should be
gradual {Dunham and Finn, 1974). In areas where the tidal range is small, it is
recommended that the marina's entrance be designed as wide as possible to
promote flushing while still providing adequate protection from waves (USEPA,
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1985a). In areas where the tidal range is large, however, a single narrow
entrance channel, if properly designed, has proven to provide adequate flushing
(Layton, 1991).

Entrance channel design and placement can alleviate potential water quality
problems. In tidal and nontidal waters, marina flushing rates are enhanced by
wind action when entrance channels are aligned parallel to the direction of
prevailing winds because wind-generated currents can mix basin water and
facilitate circulation between the basin and the adjacent waterway (Christensen,
1986).

Shoaling may be significant in areas of significant bed load transport if the
entrance channel is located perpendicular to the waterway. Increased shoaling
could require extensive maintenance dredging of the channel or create a sill at
the entrance to the marina basin. Shoaling at the marina entrance can lead to
water quality problems by reducing flushing and water circulation within the basin
(Tetra Tech, 1988; USEPA, 1985a). In Panama City, Florida, a study of
bathymetric surveys before and after the construction of an artificial inlet showed
that the areas of deposition and erosion in the natural bay rapidly changed as a
result of alterations of channel positions and depths (Johnston, 1981).

The orientation and location of a solitary entrance can impact marina flushing
rates and should be given consideration along with other factors impacting
flushing. When a marina basin is square or rectangular, a single entrance at the
center of a marina produces better flushing than does a single corner-located
asymmetric entrance (Nece, 1981). This results in part because the jet entering
the marina on the flood tide is able to circumnavigate a greater length of the sub-
basin perimeter associated with each of the two gyres than it could in a single-
gyre basin with an asymmetric entrance. if the marina basin is circular, an off-
center entrance channel will promote better circulation. Off-center entrance
channels also promote better circulation in circular canals.

E. Eslablish two openings, where appropriate, at opposite ends of the
marina to promote flow-through currents.

Where water-level fluctuations are small, aliernatives in addition to the ones
previously discussed should be considered to ensure adequate water exchange
and to increase flushing rates (Dunham and Finn, 1974). An elongated marina
situated parallel to a tidal river can be adequately fiushed using two entrances to
establish a flow-through current so that wind-generated currents or tidal currents
move continuously through the marina. In situations where both openings cannot
be used for boat traffic, a smaller outlet onto an adjacent waterbody can be
opened solely to enhance flushing. in other situations a buried pipeline has been
used to promote flushing.

F. Designate areas that are and are not suitable for marina development;
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i.e., provide advance identification of waterbodies that do and do not
experience flushing adequate for marina development.

For example, the physical characteristics of some small tida! creeks result in poor
flushing and increased susceptibility to water quality problems (Klein, 1992).
These characteristics include: :

« Bottom configuration: flushing is retarded when a depression exists that is
jower than the enirance to the waterway.

« Entrance configuration: a constricted entrance will decrease flushing.

« Tributary inflow: higher freshwater inflow will increase flushing.

« Tidal range: increased tidal range will increase flushing.
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Appendix E

Sediment Re-Suspension by Recreational Watercraft
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ABSTRACT

Beachler, M. M. and I). F. Hiil. 2008. Strring up trouble? Resuspension of bottom sedisnents by recreationalwatercrafi.

Lake and Reserv. Manage. 19(1):1525.

An experimental and theoretical study of the hydrodynamic impacts of recreational watercraft in shaflow
waterbodies is presented . Of partcular interestis the ability of turbulent prop or jet wash 1o resuspend bottomsediments.
Intuition suggests, and the experiments confirm, that this ability is a strong function of boat speed and water depth,

Theresults of this siudy demonstrate that boats operating athigh speed have nio greater impact on thelake bed than
boats travelling at idle speeds. The greasest impact is seen when boats are wavelling a1 ‘nearplane’ speeds. This eriticat

speed s a funetion of boat size and water depth,

To increase the usefulness of the observations, a theoretical modet of the flow underneath a passing bost was
developed and validated with the data, Relying on only a few input parameters, the model can be used to estimate, for
example, the minimum operating depth required for a given boat to prevent sediment resuspension.

Discussion of the relevance of this work in the context of setting use restrictions for watercraft is provided.

Key Words: boating, recreational conflicts, sediment resuspension, hydrodypamics.

Waterways such as rivers, estuaries, and lakes are
valuable natural resources, as they support municipal,

navigational, industrial, and recreational uses. In

response to historically increasing levels of use, proper
management of waterways is vital. For were a water
bodyallowed to degrade significantly, the very qualities
that madeitinitallyanattractive resource would vanish.
The balance between resource conservation and
utifization, therefore, is a delicate one and one which
is by no means unique to water resources. The role of
science in this discussion is to provide objective data
which can be incorporated by policy makers into their
decision making process.

One of the many potential sources of waterway
impacts is recreational boating. This issue attracts
attention for several reasons. First of all, according
to the National Marine Manufacturer’s Association
(htep:/ /www.nmma.org), boating registrations in the
United States have increased from 5 to 15 million over
the past 25 years. Moreover; today's boats-are bigger

and more p werful than those of yesterday. The NMMA

reports that the average horsepower of outhoard
maotors sold-increased from 65 in 1985 to 86 in 2000.
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Finally, the popularization -of -personal watercraft
(PWQ), with their-exceptionally shallow: drafts, hias
brought boating attivity to ' regions ‘of water bodies
which have historically seen litte boating traffic.

The potential impacts of watercraft fall into the
categories of fuel and exhaust-emissions, foise pollu-
tion;direct contact with flora. and fauna,.and hydro-
dynaxmc impacts such as wake-induced. shoreline
erosion-and turbulent prop wash. Useful reviews are
given by Liddle and Scorgie (1980), Wagner (1991),
and WHOI (1998). As an example of hydrodynamic
imipacts, note first that wakes generated by boattyaffic
cangrade and redistribute sediment.(Kirkegaard et al.
1998, Parchute etal. 2601, Parneil and Kofoed-Hansen
2001). Johnson {1994) correlated boat waves to an
increase in shoreline eropsion and stirring of bottom .
sediments-inthe Upper Mississippi River:System
(UMRS). Additional work by Bhowmik et al. (1992) in
the UMRS considered the evolution of a wake packet
as it propagated away from the sailing line. _

Turbulence produced by prop wash has numer-

ous potential impacts as well. The mortality rate of fish

eggs due to turbulence was investigated by Killgore




F

F

16 BEACHLER AND HILL

etal.(1987). Similarly, Morgan etal.(1976) studied the
mortalityrates of perch eggs due to boat-induced shear
stress in the Chesapeake and Delaware Canals. Finally,
Sutherland and Ogle (1975) exposed salmon eggs to
forces equivalent to those induced by passing boats,
concluding-that jet. boats operating in very shallow
rivers could cause substantial mortality..

Prop wash also plays a role in resuspending bot-
tom: sediments.. This may lead to erosion; ‘infernal
nutrient. loa,dmg -or elevated. levels: of turbidity and
beavy metals in the water column, For example
Hamill et al, (1999) have studied the ‘scour’ pattems
that develop due to d:spiacement vessels operating in
shallowwater. You 284) ;
increases in nutrientlevels mrespmlse to boat stirring
in Florida‘lakes. Arruda et al. (1983) and Breitburg
(19388} both discussed how aguatic: wildlife feeding
patternscauldbe disrupted by eleva iditylevels.
Finally, Franciscoetal. (1999} have identified commer-
cial ferry traffic as the main source of resuspension of
contaminated sediments in Elliot Bay, Seartle.

Several investigators have considered the mech-
anics of bottom stirring by boats. Forexampie, Herbich
{1984) used basic momentum conservation and
incipient sediment motion relations in his discussion
of propeller-induced resuspension. However, few
examples were given and no data were cited for
comparison. Gucinski (1982) conducted scale-model
laboratory experiments of propeller flows in order te
complement field observations of boat-induced
turbidity in the Chesapeake Bay. Hiseonclasions were
that boatinduced resuspension’ can-oceur indepths
less'than 3.umeters;-but-is.Jikely to be of minor conse-
quenceuntil depths are 2.2 meters or less. He further
notes that smaller, planing boats will luve -nauch less
impact than heavy, displacenient (deeperdraft) boass.

Yousef et al. (1978) used pressure sensors to
measure the hydrodynamic signal of boat passage at
the level of the lake bed. Thelr observations were
incorporated into an empirical design procedure
predicting the ‘critical’ depth of operation, based upon
sediment grain size and boat power. Finally, Maynord
{1998) provides some useful analysis of propeller lows
and bottom shear stress, albeit in the context of larger
displacement vessels. '

The present paper discusses a recent field study,
coupled with a simple mathematical model, that seeks
toelaborate upon the mechanism of bottom stirring of
sediments by recreational watercraft. The specific ob-
Jjectives of the field measurementsare to document the
velocity and turbidity that are induced, near the bed of
a lake, by the passage of watercraft. Of particular
interest is how these quantities vary with parameters
such as boat speed and water depth. The specific
objective of the modelling is to develop the mathe-

mtatical capabilityto reproduce the observations, there-
by broadening the applicability of the present work.

Theoretical Model

An undersmnding of the disturbance of alake bed
by a passing watercraft has two main components.
First, the unsteady velocity field that is induced in the
waterasa boat passes overhead mustbe knowss. Second,
the interaction of this velocity field with the water-
sediment interface at the bed must be known. The
scope of the present paper is largely limited to the first
component, but, before proceeding, a brief discussion
of the second is warranted.

Sediment D}mamibs

Forcchesionless soils, the parameters mostrelevant
to incipient motion mclude sedimentgrain size, shape,
and density. Fall velocity, which is really an aggregate
measure of these individual parameters is a frequently
used measure as well. To give some numeric context,
a round sand grain having a diameter of 1 mm and a
specific gravity of 2.65 will attaina terminal fall ve]omty
of roughly 15 cm s, On the other hand, a 50 pm grain
of the same material will settle out at the much lower
velocity of 2 mm -s?,

in the past, extensive attention has been paid to
determining how the minimum, or ‘critical’, bed shear
stress required to initiate motion varies with these
parameters. The bulk of existing laboratory results are
relevantto flat beds of monodisperse particles exposed
toasteady current.In the field environment, application
of these results is often complicated by the presence of
bedforms, polydisperse sediments, and turbulent,
unsteady flows. Inaddition, many soils have a significant
fraction of very fine particles or mineral content {e.g.,
kaolinite), either of which can render the soil ‘cohesive’,
thereby increasing the critical stress required for
motion.

These complicating factors do not change the
fundamental approach, however, which is to express a
non-dimensional critical shear stress as a function of a
non-dimensional particle Reynolds number. In other
words,

TC
nn v @

where T, is the critical bed shear stress required for
motion, gis gravity, dis particle diameter, p and pare
the densities of the sediment and water, 1 is the Shields
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parameter, u, is the critical shear velocity, and vis the
fluid kinematic viscosity. The unknown functional de-
pendence between the two dimensionless variables
must then be established through laboratory experi-
mentation. The original data of Shields and those of
numerous other authors are reviewed by Yalin and
Karahan (1979).

Tociteanumerical example, consider the uniform
flow of water, 1 m in depth, over a smooth bed of
cohesionless sand of 0.3 mm diameterand 2.65 specific
gravity. It is straightforward to show (Sturm 2001} that
the depth-averaged minimum velocity required for
sediment motion is 37 cm 's*. Given the boundarylayer
structure of the velocity profile in the vertical direction,
the value of the velocity in the vicinity of the bed will of
course be less than this average value. '

Alternative approaches to the description of
incipient motion include consideration of the halance
of lift and drag forces on a single sediment grain
(Cacchioneand Southard 1974). Theiranalysis suggests,
for 1 mm sand, a critical velocity of 15 cm s, As yet
another example, Yousefetal, (1978)utilizean equation
for critical near-bed velocity, rather than shear stress,
and determine that 25 cm ' s? is required to move
0.3 mm sand. These figures are all noteworthy as they
are consistent with the observations of the present
field experiment,

Axisymmetric Turbulent Jets

The induced flow underneath a planing boat is
clearly extremely coraplex. There are components
associated with the displacement of the hull and with
the propulsion. The fine details of these effects are
controlied by hull geometry, propeller geometry, motor
irim and a variety of other parameters. Additionally,
there is significant entrainment of air such that the
flow is two-phase in the near field.

For any model to be useful in widespread appli-
cation, it should be as general and as simpleas possible.
To that end, it was decided to {i) neglect hull dis-
placement effects and to (i) model the prop wash flow
as an axisymmetric turbulent jet. While the latter
assumption is justifiable in the case of a PWC or a jer-
driven boat, its validity in satisfactorily modelling
swirling pmpeller flows is not immediately obvious. As
shown in Fig, 1, a jet is created when a fluid stream of
initial ‘slip’ velocity V, (i.e., velocity relative to the
ambient fluid) discharges from an orifice of some
diameter D. After aninitial ‘zone of establishment’, the
streamwise mean velocity field u(x,r) is very well
described by (F s.scher etal. 1979):

"”‘P[ (e zevx)z] 2)

ux, ry=7 "

where M V2I[F/4, x is the streamwise coordinate,
and r is radial distance from the jet axis. Some
characteristics of this velocity field are that the velocity
aiong the centerline of the jet decays by 1/x and that
the variation of velocity in the lateral direction is
Gaussian (i.e., a bell shape).

To help illustrate what this means in terms of velo-
cities that can be induced on a lake bed by a passing
boat, consider a boat travelling in water of 1.5 m depth.
Assume that the prop sweeps out a circular area
37.5 cm in dimmeter and that the prop axis is 25 cm
below the water surface. Finally, assume that the slip
velocity V=5 m -s'. Fig. 2 illustrates the expected
velocity on a 20 m wide and 100 m long patch of lake
bed. The location of the boat s at x= 0, z== Oand it is
travélling to the left. Assuming that 25 cm s s needed
to disturb the sediment of our example lake, it is clear
that there is a significant ‘footprint’ oflake bed that will
be disturbed in this case. Of additional interest is the
fact that the region of greatest impact is not directly
underneath the boat, but instead lags the boatby sever-
al meters.

Finally, note that (2) applies only to a fluid of in-
finite extentand is therefore notapplicable toashallow
fluid layer bounded by a sediment bed on the bottom
anda freesurface on the top. However, the well-known
method of images can be used to satisty the requisite
noflow conditions at these boundaries. One effect of
this is that the velocity profile in the vertical direction
is no longer Gaussian.

Model Application

To apply this model, one needs to know the
propeller/jet diameterand draft, figures thatare r&adily
obtained. The crucial, and more elusive, parameter is
V.. Recall that this is the velocity of the jet, atits source,
relative to the ambient fluid. One method of obtaining
V,, for a propeler-driven boat, is to record speed and

'n‘ - oo B
L S -
e . | g
Zone of Zone of

establishment established flow

Figure 1 ~Schematic of an axisymmetric nrrbulent jet. The velocity
atthe jersource is V,and the velociry Seld downstream is a function
of the strearawise coordinate x and the lateral coordinzte r.
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Figare 2.~Contours of horizontal velocity 1 on a lake bed in 1.5 m of watet. V.5 m-s', =375 an. The jot source is located at x= 0 m,
z=0m, is travelling from right 10 left, and is at a depth of 25 cm below the free surface,

rpm data for the boat. Thisis easily done, provided that
the boat has both a speedometer and tachometer. In
lieu of an accurate speedometer, a GPS unit may be
used. Once this data is obtained, the slip velocity, in
meters per second, is given by

V=0P-V, (3)

where wis the propellerangular velocity in revolutions
per second, Pis the pitch of the propeller in meters,
and V_ is the boat speed in meters per second. Asa
sample, rpm and V, data for a typical boat are given in
Fig. 3. Note that the pitch of a propeller is typically
stamped somewhere on the body of the propeller and
that the propeller angular velocity is reduced from the
tachometer reading by a gear ratio, typically in the
range of 1.5 10 2.0

Determination of V fora PWC or a jet-driven boat
isalso possible, in principle. These craft are essentially
driven by a centrifugal pump, the flow rate through
which is a function of rotational rate and imposed
head. If the pump-performance curve can be either
obtained from the manufacturer ormeasured through
experimentation, determination of V. asa function of
boat speed is straightforward.

Field Study

To test the predictions of the model, field experi-
ments were conducted during a two-week period in
July, 2001. The main objective of the field study was to
gain information on how the induced velocity and
turbidity on a lake bed varied with the speed of the

passing boat and with the depth of the water. A second-
ary objective was to test different types of boats to see
if there was any significant variation with drive type.

The experiments were performed on Franklin and
Butternut Lakes, located in Forest County, Wisconsin,
USA. The lakes were selected not for any perceived
boating-related problems but, rather, for the ease of
atcess to a wide variety of facilities that they provided.
Franklinand Butternut Lakes have, respectively, surface
areas of 3.61 km* and 5.23 km? and maximum depths
of 14.0 m and 12.8 m. The average depths of the two
lakes are in the range of 4-5 m. Bottom material spans
a wide range of grain sizes, from fine (~50 pm) mud to
coarse (~15 cm) rubble.
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Figure 3.-Measured values of engine rpmand calcuiated values of V,
for a typical recreational watercraft,
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Study Design

Thegeneral experimental methodologybegan with
the selection of an appropriate study site. Here,
‘appropriate’ refers toasite characterized byarelatively
flat, debris-free bottom, in water of a desired depth.
Next, aseries of gates was constructed in order to guide
the watercraft directly above the insttumentation, as
illustrated in Fig. 4. The buoys were 2 m apart laterally
for the boat trials and 1.2 mapart for the PWC trials. In
all cases, the gate spacing was roughly 20 m in the
streamwise direction. Note that while a perfectly flat
bottom is a laboratory ideal not achievable in the field,
effects duetovariations in water depth were minimized
by (i) choosing sites with widely spaced depth contours
and (if) aligning the path of travel of the boats paraliel
to the contours.

With the course set and the instrumentation in-
stalled on the lake bed, a boat was then navigated, ata
constant specified speed, through the course while
data on velocity and turbidity were collected. After
completion of a run, and a waiting period of several
minutes, to allow for any lingering transients to die
out, the next run was conducted. In this fashion,
numerous runs, at a wide range of speeds were carried
out. The gates were then set up in a different water
depth and the trials were repeated.

“Tor Shere-Sids Laptop
Figure 4.-Schematic of field experiments.

Facilities and Instrumentation

A total of three different watercraft were utilized
in this study, a 1980’s vintage Hydrostream Ventura
outboard. boat, a2 1993.Correct Craft Ski Nautique
inboard beat, and a 1988 Yamaha Waverunnér PWC. -
General characteristics of these craft are summarized

inTable 1. Boatspeed measurements, in the case of the

" inboard, were made with an onboard speedometer

while in the cases of the cuthoard boat and the PWC,
a handheld GPS unit was used.

Fluid velocity measurements were made with a
Sontek Acoustic Doppler Velocimeter (ADV), which
allows for the continuous acquisition of three
components of velocity, at a point, at a rate of up to
25 Hertz, The ADV uses the Doppler shift of sound
waves, scattered off of small particles in the water, to
deduce the velocity of the wateritself. The measurement
volume of the ADVis quite stall, on the order of 1 cm?®,
and the ADV was mounted horizontally on the lake bed
such that the measurement volume was 10 cm above
the bed. In this configuration, the three components
of velocity, {u,v,w) corresponded to the streamwise,
vertical, and lateral directions,

Turbidity measurements were made with a
Downing & Associates Optical Backscatter Sensor
((OBS-3). This instrument emits infrared radiation and
uses receiving optics to measure the amount of radiation
scattered back by particles suspended in the water. If
localsediment samples are collected, thevoltage output
of the sensor can then be calibrated to suspended
sediment concentration (88C). For the present study,
sediment samples were collected at each study site
where the OBS-3 was used and a laboratory calibration
was performed, as detailed by Beachler {2002). Grain
size distributions for these samples are given in Fig. 5.
The conical sampling volume for the OBS-3 is larger
and less well defined than that of the ADV, but the
instrument was mounted approximately 2.5 cm above

Tabie 1.-Physical properties of the watercraft utilized in the field experiments.

Watercraft Propulsion Power Length Mass Propidet Pﬁop Goar Gear

Type {hp} {m} {kg) dia. Draft Pitch Ratio
{em) fem) {om}

Hydrostream Outboard 150 5.0 450 356 §4.8 48.3 1.66

Ventura propelier

Ski Inboard 240 58 1180 358 432 405 1.26

Nautique propetier

Yamaha Jet drive ~78 ~2.5 ~180 828 il nfa nfa

Waverunner
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the lake bed in an effort to register the entrainment of
sediment from the bed itself.

Sample transient velocity and S5C data, for the
outboard boat, are given in Fig. 6. These data are
intended to be illustrative only and they are not from
the same run; hence the lack of synchronization of the
time axs. As shown in part (a), the passage of a boat is
indicated by a forward surge in velocity (due to the
displacement of the hull) followed by a backward
surge in velocity (due to the prop wash). Of key
importance to the present study is how the maxi-
mum reverse streamwise velocity near the bed, v
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varies with boat speed and water depth. As shown in
part (b), the disturbance at the bed is manifested in the
form of a severe ‘pulse’ of resuspended sediment. As
the sediments in the study areas were fairly sandy
{d, ~ 0.3 mm), they resetded fairly quickly. Other
studws {Garrad and Hey 1987) in areas characterized
by finer sediments have noted far longer resettlement
times subsequent to boat passage.

Results

Velocity Data

A summary of the variation of maximum bed
velocity, v, with boat speed and water depth, for the

autboard boat, is provided in Fig. 7. In addition to the
experimental measurements, the model predictions
are given. First of all, note that the error bars reflect a
~10% uncertainty in the measurements. This uncer-
tainty is not dominated by instrument resolution, but
rather by the ability of the boat driver to consistently
navigate the boat directly over the instrumentation
and at a constant specified speed.

Regarding the first of these sources of error, due
to the sharp lateral gradients exhibited by a Gaussian
profile, even small deviations of the boat from the
established sailing line can lead to significant under-

20
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Figure 6.-Sample transient data obtained for the outhoand boat. {a)
- near-bed induced velocity compenemnts (0,v,n). {b) - nearbed
induced suspended sediment concentration.
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Figure 7.-Observed and predicted values of maxiomm bed velodty,
ag fanctions of water depth and boat speed, for the outhoard boat.

estimates of v,__. The tightly spaced guide buoys,
designed to minimize this systematic error, limited
these deviations, to the driver’s estimation, to 25 cm to
either side of the instrumentation.

Regarding the second source of error, while in-
board boatsexcel atholding a set speed, the resolutions
of onboard speedometers are generally limited to
+1 mph. For the outboard and PWC trials, the available
+0.1 mph accuracy of the GPS was more than negated
by the fact that these craft are much more difficult to
hold at set speeds, particularly in the near-plane band.
Assuch, the uncertainty in boat speed for the outboard
and PWC trials was estimated to also be 21 mph.

The 10% uncertainty figure comes from tests of
repeatability conducted as follows. At a selected boat
speed, six trials were conducted and a value of v, was
determined for each realization. The mean of the en-
semble and the standard deviation of the ensemble
about the mean were then computed. Repeating this
procedure for numerous values of boat speed, it was
found that the standard deviations averaged ~10\% of
the means (Table 2).

Next, note that v, is a strong function of boat
speed, Atlow {idle} speeds, there is little disturbance at
the lake bed. More surprisingly, at high speeds, there is
equally little disturbanceat the bed. Indeed, operation
of the boat at 30 mph is observed to have less impact
than operation at 3 mph. In a fairly broad band of
‘near-plane’ speeds, from 5-13 mph, however, very
large near-bed velocities are observed. Assuming that
~25 cm -s? of velocity is required to resuspend co-
hesionless medium sand, as discussed previously, it is
clear that operation of this boat in the depths described

Table 2.-Calculated mean values and standard
deviations about the mean of v,

Boat speed Uy OV, Coefficient of
{mph) {om-s9) {om-s) Variation (%)
& 279 2.5 2]
10 43.5 4.9 11
12 272 3.2 12
14 7.2 5.0 18
18 23.4 12 5
i8 24.2 1.9 8
21 19.4 1.9 10
23 16.9 1.2 7

here has the potential for resuspending significant
amounts of sediment.

Finally, note that the agreement between the
measurements and the predictions isreasonably good,
particularly in the ‘near-plane’ band of speeds. The
caleulated correlation coefficients for the 127, 157,
and 188cmdepthsare 0.91,0.85,and 0.91 respectively.
Athigherspeeds, the model over-predictsthe near-bed
velocity. This is due, in part, to the fact that as a hoat
planes, it (and hence the propeller axisy moves vertically
upward and therefore further away from the lake bed.
This effect is not accounted for in the model.

The experimental and theoretical results for the
Nautique inboard boat are shown in Fig. 8 and are
qualitatively similar to those of the outboard boat.
Note that, for comparable depths, the inboard induces
a slightly lower velocity at near-plane speeds, This is
hkely due, in part, to the fact that inboards do not ‘nose
up’ nearly as much as outboard boats when climbing
onto plane. It is also partly due to the fact that the

'Nautique has aslightly smaller draft than the outhoard.

Onthe otherhand, the induced bed velocitiesathigher
speed are greater for the inboard. With regards to the
predictions, the model again performs qualitatively
well, with a correlation coefficient of 0.86, but consist-
ently over-predicts the near-bed velocity.

Finally, the experimental results for the
WaveRunner are shown in Fig. 9. Model predictions
are not included as the authors were unable to obtain
quantitative flow rate vs. engine rpm data for the FWC
usedin the present study. Itishoped that future studies
with a different PWC will allow for this comparison to
be made. Regardless, the experimental results are
qualitatively similar to those of the other boats, showing
arapiddecrease in observed bed velocity withincreasing
craft speed. Note that while the observed velocities are
similar in magnitude to those obtained for the boats,
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the PWC trials were in much shallower water, The
logical conclusion is that, given equal water depth, a
PWC will cause much less disturbance at the lake bed.

Suspended Sediment Concentration
Data

As the ultimate goal of this research is to establish
the capability to predict sediment resuspension, the
trials with the OBS-3 were significant froma verification
point of view. Due to time constraints, the OBS-3
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Figure 9.~Observed values of maximunmn bed velocity, as functions of
water depth and boat speed, for the personal watercraft.

studies were limited to trials with the outboard boat. As
shown in Fig. 10, the maximum observed suspended
sediment concentrations follow the same trends as the
maximum observed near-bed velocities, peaking at
‘near-pla‘ne’ speeds and falling off rapidly with in-
creasing boat speeds. Beyond boat speeds of 12 mph,

the OBS-3 failed to register any suspended sediment
‘whatsoever, even at the shallowest study site. Next, if
the 85C and v, data are compared, it is seen that
sediment resuspension occurs only when the induced
near-bed velocity exceeds roughly 25 cm s*. This critical

(=)
3sp
- &  depthx188cm
» . depth » 157 em
~F e & depths12em
“yzs:
g 1
k @
3 »f °
“
& sk ®
@ F
E T >
'EEG:—.
§ X B
5:*.
3 S
oS B ."*__, S I W |
s ' F) 0 iz
Bost Speed (mph)
(b
70| ’ '
» . L] depth = 188 em
n .4 depth = 157 em
~ 6o} ®  deph=1ZTem
‘w : E
G .
‘g‘SB_— ®
gt ® >
S of
X ]
7 £ ¢ "
330:
S " ®
28 - " 3
10%—
b P L ] 1 L 3 i i i . L : ] fl i i i
o raa ) 12

- 8 i
Boat Speed (mph)
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depth andd boat speed for the outhoard boat.
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velocity is consistent with the values discussed earlier
for cohesionless medium sands.

Discussion

The observed variations in v, with boat speed
are readily explained by considering the similar varia-
tiops in wave heights with boat speed that have been
documented extensively (Sorenson 1973, Bhowmik et
al. 1992, Rirkegaard et al. 1968, Pamell and Kofoed-
Hansen 2001). parameterinthis
caseisthedime roudenumber:

Fr,s =2 | @

e ‘boatspeed, g is Pravity, and His the
it .1-;,1 Lh@_.=h§3ﬂ§'jﬁ‘%idi~tﬂfbe'f9p€‘mﬁiﬁg

super-cmttc
similasly siaall
the boit
heightsiare’ata maximuti.

As wave drag is a significant energy sink for
recreational boats, it is clear that the efficiency of a
boat’s propeller should be inversely proportional to
the wake heights. At trans-critical speeds, where the
wakes are at a2 maximum, the propeller will have to
work very hard, leading to a large slip velocity V, to
overcome the resistance. On the other hand, foraboat
fully off or fully on plane, where wakes are minimal, the
propeller is fairly efficient, leading to low values of V.
{recall Fig. 3).

For the present study, the Butternut site depths of
127, 157, and 188 cm correspond to critical speeds of
iph. Recaliing Flg 7, it is clear that

“these expected speeds of maximum impact are

consistent withthe Gbservatxons ofthe ﬂelc! expenment

less lﬁngtbbased F ro;;_de_. nmber

Fra -2t (5)

3

wheredisitheboatlength. In this case, if Fr, ~0.5, wake
heights, and therefore bottom-stirring potential, will
again be maximized. A worstcase scenario therefore
occurs when the water depth, beat.length;-and boat
speedare suchthat Fr, ~1.0und Fr,~0:5 simultaneously.
For'boats 5 te 6an inlength; such s thoseuted i the
current study, the critical boat $peeds corresponding
to the latter conditionare 7.88.6- mph indicating that
such an overlap was indeed occurving:

Management Implications

Having demonstrated the relative success of the
present model, it is worth briefly discussing its use. As
a preface, several limitations of the present analysis
should be noted, in order to better dlarify its scope.
First, it does not directly consider the quantification of
a threshold for incipient motion itself; that is taken to
be an input to the problem. As discussed previously,
this specification of a critical near-bed velocity is
complicated by the fact that real soils are polydisperse
and often cohesive and that lake bed bathymetry often
possesses both high- and low-wavelength spatial
variability. Second, it does not address the issue of
whether or .not bettom. smrring* s demmental 1o a

~ What canbeatﬁvedat byusmg the presemanalys:s
is the establishment of a ‘minimum operating depth’
for a given boat. Put another-way, if the objective is to
prevent altogether resuspension of bottom sediment
by boating activity, the minimum water depth required
to achieve this can be estimated.

This concept is llustrated in Fig. 11, where the
predictions of bed velocities, asinduced by the outhoard
boat, are shown for several different water depths. For
the sake of this example, and as suggested by the data
of Fig. 10, assume that roughly 25 cm s is required to
disturb the 0.3 mm sand cumprnsmg the bed. Itis clear
that, as the water depth increases, the band of boat
speed that induces near-bed velocities greater than this
value is steaddy shrinki yemd a depth af

minimal petentmi for Ahpact;
This minimum depth will be 2 function of boatsize
and. power. and. sediment. grain size. Regarding the
latter, consider the outboard boat of the present study
operating above alake bed.characterized by 50 pin sile.
Itis found that the minimumdepth inthiscase is 4.6 .
For coarser bed material, say 1.0 mum sand; this depth
isfoundtobe 1:8 m. Forboats éflesser horsepower; it
is intuitive.that these depths will be reduced, but-the. .
present dataset-does not allow-for that condlusion to.

Dbe tested directly. Also,note that this depth is a rather

comservative mieasuré 4s it ‘séeks to prevent bottom
stirring for.all boat speeds. In reality, boats do not
spend all of their time operatingat the worst-case near-
plane speeds.

In closing, it is worth noting that blanket policies
such as universal speed limits are perhaps not the
optimal choice for nearshore management. A limit
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Figure 11.-Model predictions of V,_ variation with boatspeed for

several water depths for the omboatd boat.

that is designed for a boat of a certain size operating in
a certain depth of water might be wholly adequate in
preventing bottom stirring for that situation. However,
the same speed limit imposed in water of a different
depth might inadvertently place the same boat at the
worst possible (Fr, ~1.0} speed for that depth.
Alternatively, limits designed for one size of boats may
place boats of a different size at an undesirable value of
length-based Froude number. No-wake zones, provided
that they are enforced as truly no-wake zones are likely
to be far superior in terms of mitigating the effects of

both sediment resuspension and wake impacts on the

shoreline.,

Conclusions

In summary, this study has investigated the
mechanism of bottom stirring by recreational watercraft
through a combination of field experimentation and
mathematical modelling. Prior to this work, investi-
gations of this problem have considered only one or
the other methodology independently. Moreover, the
modelling attempts to date have been empirical, rather
than based on physical principles, and the authors are
unaware of any previous attenupts to directly measure
the induced velocity field in the near-field of planing
craft. Therefore, the present work represents an im-
portant advance in theunderstanding and prediction
of this phenomenon.

The present velocity measurements indicate that
the variation of induced near-bed velocity with boat

speed is controlled by depth and length based Froude
numbers, with peaks near Fr, ~1.0-and Fr, ~0.5. This
parallel with the behavior of boat wake heightislogical
as wave resistance represents a major component of
the overall drag to be overcome by the propulsion
source ofa boat. The turbidity measurements exhibited
asimilar response and supported well-known relations
describing the onset of cohesionless sediment motion,

A simple, physically-based model was developed in
order to generalize the study beyond the conditions
studied in the experiments. Based upon well-known
refations for a turbulent jet, the model requires, as
input, only simple, easily obtainable parameters
deseribing the boatand its performance characteristics.
An additional requirement for predictive use is that
the near-bed velocity required to disturb the sediment
inthearea of interest must be known. When applied to
the conditions of the present field measurements, the
model was found to perform reasonably well.

Future extensions and refinements of this work
should include (i}experimentation on amuch broader
cross-section of boats, (ii) turbidity measurementsina
lake characterized by much finer sediments, and (i)
testing of the model against PWC or jet-driven boats.
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A,

Chapter 1
introduction

i-1. Purpose

Smail boats are classified as recreational crafl, fishing
boats, or other small commerciad craft with lengths less
than 100 £t (31 m). A small boar basin is z place 1o
obtain essential supplies swch as food, fusl, and drinking
water. Small boar basins provide direct access 10 each
bozt, adequate depth of water, parking, toilet facilities,
technical services, shops, and other amenities.  Small boat
basins are found on coastlines, estuaries, Iakes, and river-
banks. The increasing prosperity of the world population
has resulted in an increased popularity of and need for
small boat basins. The development of small boat basins
is & concern to environmental groups and local residents
because of the potential effects of these basins on the
quality of rivers, lakes, estparies, and ocean shorelines,
This mannal provides general guidance for incorporating
environmental considerations into the planuning, engineer-
ing, design, construction, operation, and maintenance of
small boat basins. When these facilities are poorly
planned andfor managed, they may pose a threat to the
health of aquatic systems and may pose other environ-
mental bazards.

1-2. Applicability

This manuval apples to all HQUSACE elements, major
subordinate commands, districts, laboratories, and fisld
aperating activities having Civil Works responsibilities.

1-3. References

Required and related publications are listed 1in
Appendix A,

1-4. General Sludy Authority

The 1.5, Army Corps of Eugineers (USACE) has the
general apthority to investigate the need for navigation
improvements under Section 107 of the River and Harbor
Act of 1960, as amended (U.S. Army Corps of Engineers
1989). The investigations are limited to determining
means to satisfy immediate and fature peeds for smail
craft refuge. Desirable sites aond facility alternatives are
formulated and evaluated, and the best plan is selecied
based on sound engineering design, economics, and envi-
ronmental and cultural aceeptability.  The evaluation
criteria wsed are based on principles and guidelines
established by the U.S. Walter Resources Council.
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1-5. Permil Processing

Because of the possible environmental impact of develop-
ing small boat basins, the activities must be consistent
with pational environmental policies. These policies can
be complex and confusing when dealing with the variety
of Federal, state, and local regulations conceming small
boat marina development in coastal areas and inland
waters. Appendix B lists several Federal statuzes, execu-
dve orders, and USACE regulations that often require
stidies of existing and future environmental conditions.

a. Federal agencies. The USACE is the Federal
agency with direct permiting =uthority for coastal
marinas. Section 10 of the River and Harbor Act of 1899
and Sectien 404 of the Clean Water Act give USACE
permitting anthority for these facilities. Section 10, in
conjunction  with other environmental laws, provides
USACE authority o control, through its permit program,
construction amnd excavation or deposition of any material
in navigable waters. The Ssction 404 program is
designed to protect water quality, aquatic resources, and
wetlands, It provides USACE with authority fo issue
permits for the discharge of dredged or fill material into
waters of the United Srates. Guidelines developed by the
1.5, Environmental Protection Agency (USEPA) state that
1o discharge will be permitted if 8 will result in signifi-
cant adverse jmpacts on municipal water suppligs, recre-
ation, and economic and agsthetic values. The USEPA
does not typically exercise direct permitting control over
marina development whenever disposat of dredged and fill
material % an issue. However, Section 404 gives the
USEPA authority o veto dredged and fill permits pro-
posed by USACE.

{1} The overall process followed by USACE in review-
ing permit applications is shown in Figure i-1. This
diagram generally illusirates overall USACE responsibili-
ties and decision points. Typically, when a USACE
application form is wsed. only one form is sabmitted for
both Sections 10 and 404 approval.  Once USACE
receives the permit, a preliminary assessment is conducted
w© determine the type of environmental review required.
Based upon the potential extent of adverse tmpacts on the
natural and man-made enviromment, this environmental
review may range from a categorical exclugion to a fuil
Enviropmental Impact Smatement.  The nex: step in the
permdt process is a public notice, which goes our o all
interested parties and agencies. The (LS. Fizh and Wild-
life Service (USFWS) and the National Marine Fisberies
Service (NMF8) are interested in the impact to fish and
wildlife resulting from  potential  water resonrce
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Figure 1-1. U.8. Army Corps of Engineers permitting process




development activities. When permirs are reviewed, the
USFWS considers whether alternative, non-wetland sites
are  available and  whether constraction  can  be
accomplished without adverse impact to fish and wildlife
in aguatic, terrestrial, or wetland habitats. The NMFS
reviews applications for potential impacts to aguatic and
wetland resources as they affect commercial fisheries.
Both agencies’ comments are quite imporfant in the
decisionmaking process; they are, therefore, reviewsd
extensively. Another agency interested in the permitiing
process is the U.5. Coast Guanld, which regulates marine
sanifation devices (M5, The Clean Water Act prohibits
discharges from MSD into freshwater lakes and rivers
except those bodies that support interstate navigatien. For
vessely operating in saltwater estuaries and territorial seas,
new vessels operating after Janwary 1980 must have no
discharge or have an MSD capable of limiting fecal coli-
form bacteria to 200 most probable number (MPN) per
100 mi and suspended solids to 150 mg/l.  Older boats
are still allowed fo operate MSDs with lower levels of
coliform and solids removal it are not permitted o use
pump-throvgh devices. The Coast Guard also reviews
applications with respect 1 boating safety and navigation.
If ir is determined necessary by comments received from
the public notice, the next step is a public hearing. The
permit application 15 then evaluated and the necessary
environmental review, as determined in the preliminary
asgessment, is conducted. The final step in the permit
process is to gither issue or deny the permit based on the
completion of the enviroumental review,

b, State agencies.  States play a major role in the
permitting of marina developments. There is broad varia-
tion from state to stale in the type of approval required
and the way in which regslmory programs  are
administered.

{13 The minimum level of state mvolvement is review
and comunent on Section 10 permit applications. When
Section 404 permits are required, the siates mmst provide
a certification to the Corps that the proposed activity will
not violate the state’s water quality standards throughout
construction and subsequent operation of the facility. The
state must also indicate that any other reguired state
licenses, permits, or approvals can be secured. The
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USACE will not approve the 404 permit without this
assurance.

{2} Awnother level of siate involvement is a consistency
review of the USACE permit action under the stawe
Coastal Zone Management Program {CZMP) (if applica-
ble). In states where a CZMP has been approved by the
Secretary of Commesce, an applicant for a Federal license
or permit to conduct any activity affecting a coastal zone
must furpish a centification that the activity will be consis-
tent with the goals of the state’s CZMP. Some states are
zoning land areas adjacent fo water with resirictions
favoring  cormpercial fishing, sport fishing, water recre-
ation, water conservation, and commmercial development.
The USACE will deny the 404 permit unless the state is
in agreernent.

(3) The highest level of state involvement is where a
state has developed a separate regulatory program control-
ling marina development. Different states have taken
different approaches to direct regulation of marina activi-
ties. Some states have developed a wetland or coastal
area permit, while other siates have developed separate
wetland or marshland permitting programs. Some states
have developed dredge and 0l peomit programs. Some
states claim ownership of submerged lands.

¢. Local agencies. Local agencies exercising control
over marina development may include regional authorites,
counties, and cities.  Cenerally, these agencies are not
involved in the comprehensive evaluation of the suitability
of a marina based on environmental water guality issues.
The local agencies are generally intended 1o complement
the state and Federal regulations applicable to a given
area.  Local regulations psually take into account special
characteristics of the Iocal environment that may require
special restrictions on  construction or development.
Examples of such loval comcemns include land use con-
trols, building codes, subdivision ordinances, and provi-
sion and operation of public facilites. Additonal local
regulations may also be implemented to reduce damage
from hurricanes, tornadoes, earthquakes, and extreme
weather conditions.

1-3




Chapter 2
Water Body Designations

2-1. Sall Water

a. Salrwater harbors supporting deep-sea fishing are
generally located within 15 miles (24 km) of open water.
A 5-fr (1.5-m) mimmum channel depth is usuvally main-
mined. Navigation to and from the marina should be
relatively easy, with pumerous aids to navigation. There
are usually no jestrictions on speed or wake, except
within the immediate vicinity of the marina. Estuarine
harbors are rypically located within 5 miles of suitable
fishing waters. A 4-ft {1.2-m} minimum changpel depth is
usually maintained. MNavigation is normally easy, with
readity idenmtifiable landmarks and nwmerous guides to
navigation (Chamberlain 1983).

b, It is desirable to locate coastal marinas or smail
boat basins in protected waters such as tidal rivers, bays,
estuaries, lagoons, indets, and coves. However, unpro-
tected coastal environments may also be suitable if break-
waters or artificial harbors are constrmcted to protect the
marina against waves and currents. Facilities constructed
in snch high energy environments require a more detailed
design and are more costly 1o construct, as compared 1o &
marina i a more protected environment.

¢. Small boar basins are designed to provide safe and
secure vessel mooring with guick, convenient access o
navigable waters. The design should be appropriate for
local weather conditions, Le., wind, precipitation, ice, fog,
gic. A deep-water site with maximsm natural protection
will minimize alterations of the site and adverse impacts
of construction. Diredging and maintenance of the facility
will be minimized by locating the harbor in an area with
these natural physical features. In the past, marshes and
mangroves were often selecied for marina sites, as they
possess envirommental requirermnents desirable for a small
boat basin (that is, protection from waves and strong
currenis). These wetland envirorunents should be avolded
because of their high biological value and the "mo net
loss” policy related to wetlands.

d.  Small boat basins usually occupy several tidal
zones extending from terresirial through the subtidal zone
in order to accommodate land facilities, automobile park-
ing, boat dry storage, launching ramps or Lfts, boat docks,
foeling docks, bulkheads, breakwaters, and jeimies or
groing (see Figure 2-1). Due to concems over consiruc-
tion In wetlands, intertidal, and nearshore zones, and the
lack of suitable sites, some small boat basins have been
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excavated i upland areas with conpecting channels to
navigable waters (U.S. Fish and Wildlife Service 1980).
Such sites have their own unique environmemal problems
that should be thoroughly investigated prior to selecting a
site for a small boat basin.

2-2. Fresh Water

Freshwater recreational fishing is supported by iarinas,
harbors, and access facilities on natural lakes, reservolrs,
and inland waterways. Facilities for lake and reservoir
fishing are often on the shoreline. Waterway harbors are
located within 5 miles of fishing waters. Minimum depth
for channels is 4 ft, with easy pavigation resulting from
readily identifiable landmarks and numerouns guides to
gavigation (Chamberlain 1983).

== Mj‘%ﬁ%@\ =2

Figure 2-1. Breakwater protecting recreationad harbor,
Santa Barbara, CA

2-3. Greatl Lakes

4. An appropriate site for a small boat basin along the
Great Lakes, as well as other locations, must have conve-
nient access 1o water supply, electric power, and suitable
wansportation to nearby business or residential cemters
However, physical attributes of the proposed site must be
considered if the boat basin is to function in s intended
manner. High water and dangerous curents from nearby
rivers can be hazardous to navigation and mooring facili-
ties. Strong winds could cause water damage and could
be hazardous to the facility and moored boats.

& Longshore cwrrents driven by wind-generated waves
carry large volumes of sand {usually from the northeast
toward the sputhwest) along much of the shoreline of the
Great Lakes {Wood aad Davis 1978). In order 10
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maintain a patral balance betrween destructive and con-
stroetive wave forces, this movement of sand should not
be imterrupted. However, when a barrier is placed across
the active tansport zone, an imbalance occurs that can
result in sedimentation on the updrift side and severe
erosion on the deowndsift side. A breakwater placed o
protect the entrance to a small harbor can disnupt this
natural flow of sediments along the shoreline, Negative
effects can be reduced if a proposed boat basin is located

in a nataral harbor.  However, dredging on the updrift
side and beach nourishment on the downdrift side may be
the only suitable solutions to this problem. Maintenance-
free boat basins are an wnreasonable goal along the Great
Lakes. However, faciliies can be located where damage
from wind and high water is pnlikely. If 2 naroral break-
water or cove is unavailable, the small boar marina facil-
ity will have 1o be constructed.,




Chapter 3
Basin Design and Operation Criteria

3-1. Basin Design Critetia

a. Harbor function. The fusction that a harbor is to
provide will determine its design requirements. Sembler
er al. {1969) categorize harbors according 1o the following
functons:  habors of refupe. commercial, fishing boat
moorage, convenience harbor, recreational center, and
yacht club.

(1y Harbor of refuge. When a remote harbor is pro-
vided specifically to accomupodate fransient small boats
rather than as a home port for the local boats of the
fmunediate area, i is designated as a harbor of refuge.
Such harbors need sot have all the refinements of 3 home
port, but must have an entrance that is navigable in
adverse weather, access o emergency aid, and appropriate
facilities to accommodate the transient boater. Depending
on the class of boat apd characteristies of the region, the
safe cruising distance for small boats is usually between
20 and 40 miles, or two bours cruising tme.  In remote
areas, harbors of refupe meeting just the needs of the
transient boaters often are subsidized. In these instances,
the harbor of refuge may possibly be made self-sustaining
by berthing a small number of home-based boats in addi-
tion o meeting the periodic needs of tramsient boats; it
may not survive economically om either type of boat
alone.

2y Commercial. Small boat harbors are designed for
various commercial fishing fleets, barges, and small boat
wransportation terminals, including berths for excarsion
craft of various kinds. 5mall boat facilities are often
within or adjacent to harbors buili prisuarity for deep-draft
cargo or passenger vessels. In such cases, large ships and
small craft will move through the same waters. Planning
criteria mst be adopted to reduce the collision hazard to
@ miniwm withont curtailing the activities of either class
more than is essental for navigational safety (Dunbam
and Finn 1974).

(3} Commercial fishing boat moorage. Harbors for
commercial fishing boats may be considered a special
type of installation. Tlis is due largely to the type of
psage, the characteristics and habits of commercial fish-
ery, and equipment requirements. Becanse a fishing boat
is a work boat and the operatos’s work in port is essea-
tially preparation for the next wip, wiility usually super-
sedes appearance.
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{4y Convenience harbor. The convenience harbor is
generally designed as an enroute stopover poimt and pro-
vides a mintmum of services. Such harbors may serve for
overnight stays, femporary tie-ups for repairs and obtain-
ing supplies, and similar usages. Facilities of this type
should generally be located at or near population centers
for availability of food, foel. and amusement. Some
degree of harbor protection is necessary, but mwoorage
facilities can be minimal and services lhmited, Because of
the lack of direct revenue from a harbor of this type, it is
anficipated that it would be installed a comummnity
expense with few, if any, charges, its benefit o the com-
munity coming from other business generated.

(5} Recreational. Small boat harbors are designed for
various recreational craft, including: sailboats, rowboats,
pedal craft, and air-cushion vehicles. Other exotic craft
are not specifically covered, although the basin and
entrance design techniques described will be found satis-
factory for all classes of small boat. The development of
a recreational harbor will require oot only the best
weather protection, bt also waterside and landside facili-
ties that are best suited for its fasction. Boaters may
pafronize a deluxe restaurant, a pleasant bar, and various
copcessions.  They imay support Doat sales, boat repair
facilities, a marine supply store, clothing shops. and other
similar establishments. They may use facilities for danc-
mg, skating, bathing, skin diving, and water-skiing, if
available. However. they usoally demand the most in
conveniences, utilities, and services, and & well-managed,
glean, and atiractive marina.

{6) Yacht clubs. In many areas, boating enthusiasts
group together into yachr ciubs. These are usually, by
their nature, private installations accessible 10 members
only.  Yacht clubs may be somewhat meager in their
facilities and appointments or may be guite lavish, Of
prime imporance will be a clubbouse a1 the water's edge
with a good dining room and bar, and an assembly place
for races and regattas. These races and regattas constinte
one of the major interests in boating of a large sepment of
small boat owners. These are classed as amatenr sports
and can be sponscred only by 2 recognized yacht club,
On this basis, the vacht club performs a desirable function
and one or more of these should be considered in the
planning and design of any recreational type of small boat
harbor,

b, Site selection,

{1) Site selection for a small boat basin is probably the
single most important aspect of developing 2 marina in an
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environmentally sound manner A site  selected
to complement the marina concept and {0 permit maxi-
mum use of the natural attributes can facilitate the entire
development process from permit application through
completion of conswuction. For exampie. wetlands and
island refuges may be developed through the construction
ProOCEss.

{2y Selection of a site that hag favorable hydrographic
characteristics and requires the least amount of modifica-
tion can redoce potential impacts. Any future modifica-
ttor: or expansion should be considered in the design
phase. One method is to set a basin perisneter when the
basin is comstructed. Thereafter, modifications thal ocows
within that perimeter (such as dock reconfiguration) are
considered not significant.  Another method is to set a
limit, such as a 25-percent increase in the number of slips
or # set number of slips (such as an increase of more than
five skps). The final method is a combination of the
above methods.

{3y Smali boat basins should not be located in or
immediately adjacent to wetlands. In additdon, develop-
ment of small boat basing should not disrupt suique areas
such as mowths of sweams, isolated aquatic plant beds, or
smalt areas with valuable rock/rubble substrate. These
areas should be avoided, or at least small boar basin
desipn and subsequent operation should be implemented
to minimize disruption to these habitats. Suitable habitat
evaluation techniques are available for wetlands (Adamus
et al. 1988),

{4y Site selection considerations for recreational har-
bors are intended to ensure that a site provides nsable
land and water resources for marina operation. Chamber-
lain {1983} recommends that at a minimum, the land area
should be at least 10 acres and above the local floodplain,
The usable water arez should be approximarely egual to
available land area. The site shonld offer protection from
wave action in the adjacent body of water and at least
sofne protection from wind. The water depth should not
be less than 8 £ (2.4 m) at mean low water and not over
20 f (6.1 m) at mean high water. Figure 3-1 illustrates
desirable and undesirable site locations for boat basins.

{5y A major requirernent in designing a small boat
Basin is that it be located and sized to accommodate pres-
ent and future user peeds and related harbor facilities. Tt
must be located in adequate depths for safe vessel opera-
tion and be accessible to a nearby navigaton channel
Alernative rpeasures and sites for developing a small boat
basin st be evaluated and compared for impacts on the

Figure 3-1. Desirable and undesirable site
characteristics

natural enviromment, as mandated by the National Envi-
ronmental Policy Act and other environmental Policy Act
and other environmental statotes and guidelines.

{6) Physical factors that must be ¢onsidered in locating
3 small boam basin are circulation and cuzmeni patterns,
borrom conditions, wave action, tides, sedimentation and
shoaling, and prevailing winds (Brockwell 1987) If
conditions are not suitable, major environmental problems
may result. Hazardous conditions for small craft operating
out of the basin because of waves, corrents, and shoaling
may be created. Water gquality may be degraded if tdes
and cumrents are not adequate to flush the basins. The
potential for flushing of marina waters should be the
prime gossideration in selecting a site.  Sites on open

water of at the mouth of cresks and wibwiaries generally
have higher flushing rates than those in ¢oves and 1oward
the head of creeks and tributaries that have lower flushing
Fates.

(7y Dredging and maintenance can alse be minimized
by selecting deep sites with low sedument ransport poten-
tal. The land topography at inland sites should be suit-
able to provide protection fo the boat basin from winds,
tides, and river flow,

(8) A small boat basin should have the following site
characteristics:

(a) Easy acoess to open water.

(b Accessibility from roads and waterways.
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{cy Location in profected waters.
{) Location near navigable water,

(e} Access to areas suitable for dredged material
disposal.

{f» High tides and fhushing rates.

(g) Compatibility with existing land and water uses.
(h) Good water quality,

{iy Absence of commercial shellfish beds.

¢y Low value as a fish and wildlife habimt

(k) Absence of rare, threatensd, or endangered species.

¢. Site conditions. The patural elements of a site for
constructing a small boat basin, such as local weather
conditions, ice conditions, tides, curents, waves, and
shoaling factors all have 1o be investigared.

{1} Weather factors. Weather factors such as precipi-
tation, wind, and fog must be considered when evaluating
a site.

{a) Precipitation. Maximum raifall or saowfall pres-
ent no serious problems for small boat basin operations.
although all surface drainage measures have 1o be consid-
ered in marina planning. Drainage facilities have to be
designed to be capable of draining or diveriing a maxi-
mum amowy of rainfall, In regions where spowdiall is
heavy, land-based structwres tmust be designed to with-
stand these snow loads.

(by Wind. The prevailing wind is a wind blowing
from one peneral direction for a major portion of the year.
Prevailing winds are not the strongest winds. Winds of
greater intensity, which oceur less frequently, come from
other directions. A wind rose may be used to graphically
represent the direction, frequency, and intensity of winds
at a particular location over a period of time. Heavy
wind may affect water levels in the marina basin, raising
or lowering the water level. Land-based structures mmust
be desipned to withstand the unusually heavy forces.
Heavy wind may generate waves or move sand Jocated in
dune areas which may shoal the basin or the entrance
the marna. Breakwaters are constructed to protect the
entrantce to the basin.  Planting grass or construction
of sand fences may be used to stabilize sand moverent.
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{¢) Fog. Fog may be a serious navigational problem if
i reduees visibility, Many marinas have occasional foggy
comditions, and for this reasom, channels in a small boat
hasin should be as straight as possible. In regions where
fog is a problem, marker buoys and other chamnel-
marking devices have to be installed.

{2y lee.

{23 In northern climates ice is a serious problem in the
operation of small boat basins. In areas with mwoving ice
sheets, marinas must be locased in protecied areas,
because these ice sheels may crush not only boats but also
marine structiwes. Protection is provided by locating the
enfrance 1o the marina oriented away from the direction of
the prevaifing wind or current. This will encourage ice
floes to move out of the marina during breakup. The
marina should be located as close as possible to an indust-
rial complex so that any available waste heat may be
wiilized.  Although thin ice formation canpot damage
boats, they are nsually removed from the water during the
winter, even in protected marinas. In protected marinas,
thick, unbroken ice sheets forming around piles which
support marina piers may 1ift these piles when the water
rises, apd thus bring the whole strocture out of alignment.
Repeated freezing and thawing may eventally jack piles
completely out of the ground. In large natural basins,
wind-driven ice fioes may crash onto msring Structies as
the ice melts in spring, causing considerable damage 1
these siructores.

(o) In Finland, small boat basing have been built with
considerable success having piers and quays with a width
of 1.5-3.0 m supported by wooden batter piles (Kivekas
and Sarela 1985), Barter piles provide better stability in
the foundation sofl. When water fluctuates steadily, the
jce attached to the shore (1o a wall of a solid type con-
struction of 1o a dense row of pilesy will break easily at
that iocation when the water changes level. However, in
tidal zones, ice could easily build up on vertical surfaces
of structures thar are fized op the bottom, thes creating a
destabilizing buoyancy force or an additional load on the
foundation.

{3} Waves.

(a) Namural phepomena such as waves may be caused
by winds, tides, earthquakes, or by distrbances caused by
moving vessels. A designer should be interested in waves
produced by wind and moving vessels, since they have
the most influence on site selection and basin design.
Passing ships may genmerate waves which are sometimes
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of greater lengih than wind waves. Small boat basins on
rivers experience the passing of ships or barges that may
generate damaging waves. The effect of waves will
depend on the height of the wave generated and the dis-
tance berween the ship and the project site. As a rule of
themb, it can be assumed that the wave height is equal 1o
rwice the amoumt of vessel squat. The wave height at the
riverbank is then computed using refraction and diffrac-
ton  techniques. The wave length i3 equal fo
approximately one third of the vessel length (EM 1130-2-
1615). If ship-generated waves are considered to be the
design wave, mode] tests or prototype mMEasurmenis are
needed to verify or adjust the predictions. Additional
inforpmtion on the possible bmpact of vessel wakes may
he obtained from Camfield, Ray, and Eckert (1980).

(b) Marina sites need to be protecied from adverse
wave effects. Some sites may be protected by one or
more islands which shield the emirance from waves. I
the site does not have natural protection against wave
action, breakwaters or other wave-dissipating devices are
used at the entrance or inside the marina.

¢4} Tides. Tides and tide-like effects (e.g., water jevel
change in inland lakes and rivers due 1o spring and fall
fiond) often play an important role in water guality con-
ol The current-producing exchange of warer by water
fluctuation action may be essential o the marine ecology
and the prevention of stagnation conditions. Water ciren-
lation is an important component in marina design and
can be accomplished by the effective wse of the sidal
pris;n of the water. la inland lakes and rivers, water
fuctates i a slower cycle, and although it occurs o0
slowly to produce substantial water exchange effects,
these effects bave to be faken into accotmt for the design.

{5) Currents.

{ay Currents are essentially hogzontal movement of

the water. At coasial locations, currents or flow of rides or-

freshets moving at only a few tenths of a knot generaily
catnse 1o serous problems 10 marina  operations.
However, in swiftly moving rivers (with a speed of
several knots) where seasonal floods are expected, or in
targe open bodies of water, where wind-generated curent
may be damaging to the matina, marinas should be in
protected locations, e.g., sechided inlets, bays or lagoons,
or breakwaters must be installed.  Apart from the possibii-
ity of direct interference with marina operation, Currents
may also present other adverse functional effects such as
scouring, deposition of sediments, and increased erosion
FASS.
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{0y Currents may cause changes in wave effects, and in
the impact of ice and flotsam (floating debris). as well as
bampering construction operations. In fidal estuaries, the
current can be expscted to reverse. The vatve of tidal
current velocity for many locations around the world may
be obtained from tables that are published annmally by the
Nationa} Oceanic and Atmospheric  Administration
(NOAA)Y. Depending on location as well as importance
and cost, currest velocity measurements may be consid-
ered for the project (Coastal and Ocean Engineering
1990).

(6) Shoaling.

(2) A ptincipal cause of shoaling at entrances fo
nanina basins is littoral drift, which is mainty the result of
wave andfor curent action. Any structure that futerferes
with wave or current action would cavse abnormalities in
the wave or current pattern and could substantially affect
the shoaling process. Dunham and Finn (1974) suggested
the following example. If the unprotected approach chan-
nel is dredged through a beach iato an inuer basin, the
wave impinging on either side at the mouth will be
refracied in such a way as to cause changes in the wave
pattern approaching the lips of the channel If the
approach of the prevailing waves is normal to the shore,
the initial effect will be a movement of the ltoral
material from the lips inward along each flank of the
channel, thus eroding the lips and shoaling the inner ¢han-
nel fed by material from the beach on either side of the
entrance. Unless tidal currents are suompg enough to
maintain an opening against the forces temding to shoal
the enfrance, the channel will soon be blocked. Where
the prevailing wave approach is oblique to the shoreline,
sediments being transported along the shore by litioral
cusrents will be interrupted at the channel opening near
the updrift lip, and that lip will soon begin to accrete. As
the wave-induced longshore current again beging o "feel”
the shore downdrift of the channel month, it attempis 10
reacquire its sediment load. As a resuli, at the swme rate
as the updrift lip accretes, the channel mouth will nigrate
in the downdrift divection. In each of these cases, the
forces of nawmre are aftempting to re-establish the lLitoral
balance that was present before the chammel was
excavated. The above gxample is an oversimplified ver-
sion of an exiremely complex process, and excludes con-
sideration of the effects of sandbar formation, eddy
cwrents, and fidal channel meandering (Coastal and
Ocean Espineering 1990).

by The customary solution w0 entrance shoaling is the
construction of jetties along each flank of the channel



from the lips of the mowth seaward beyond the breaking
zone. The structural features of the jetties must be such
that the wiaterials witl not be washed through or over the
smemre imfo the chaamel, A typical section .of a
sand-tight, rubble-mound jetty is shown in Figure 3-2. If
the littoral transport from one direction predominates and
the engrance is stabilized by jewies, accretion will oceur
along the updrift shore and erosion along the downdrift
shore.

{¢) The entrance tw off-river marinas is often subject
io shoaling because of sediment deposition i the quiet
water area and to eddy currents that might be created by
the entrance configuration and the flowing water in the
river. Although shoaling cannot be prevented, it is often
reduced by proper entrance design. For example, & flat
area on the downstream lip of the entrance could be pro-
vided from which a dragline can exeavate deposirs from
the botiom of the entrance channel and cast them into the
rver downstream of the entrance (Figure 3-3).  The
enfrance st be kept as narrow as practical to permit
such an operation, and a training dike at the upstream lip
is helpful in reducing the deposits (Coastal and Ocean
Engineering 1990).

d. Maorina design.

(1} General. Design considerations for a marna may
include boat siips, water supply, sanitation, struciural
integrity, and esthetics of suuclural/eaviconmental
compatibility.
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fay Boar slips. Slip sizes are determined by the size
the boats intended to use them. Table 3-1 shows the
recommended widths and lengths for fixed and floating
stips. The water acieage required for siip wse is shown as
the mazimum number of boats per acre in Table 3.1
Alignment of the slips should be parallel to the cument.
Confignration of boat slips efficiency is achieved by use
of single or double-wide slips with aceess from walkways
attached to the shore. Walkways between rows of stips
should be oriented perpendicwlar 1o the shoreline. Slips
generally should be perpendicular to the main walkway.
Designs that use curved walkways or curved ships are not
efficient in use of water area, promose damage to boats,
and are more expensive (o build and maintain. I slips of
different widths are off the same walkway. the slips
should be arranged symmetrically by width on either side
of the walkway to ensure symmetrical wansmission of
stresses to the walkway, Smaller slips should be placed
closer o the shore, Double-wide slips can be used, sav-
ing money and water space and allowing nore flexibility,
but increasing the possibility of damage to boats by boat
operators or wave action. Figure 3-4 shows & generalized
layout of boat slips (Chamberlain 1583).

(b) Walkways. Walkways should be designed 1o be
above the water level at all times and should be structar-
ally sound and safe, kept free of mmd, ice. smow, and
grease. . Walkways should be constructed perpendicalar to
the shoreline. Walkways less than 200 fi (61 m) long
should be straizht, while those greater than 200 fr (61 )
can jog or augle at the halfway point.  This change

CHANNEL SIDE
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Figure 3-2. Typical cross section of a rubble-mound jefly
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Figure 3-3. Maintenance of entrance 10 ofi-river marina
basin with land-based equipment

Table 31
Becommended Slip Widtha for Various Slip lengthe

Slip Langth
on 30 3% 40 45 50 55 80 65

Wwidth, floating stips 10 11 12 14 16 17 18 18 19
Width, fixed slips 11 12 14 16 18 18 18 20 22

Table 5-2
#aximum Number of Boote Per Acie

Floating Floaling Freed
Fairway Width Slips Slips Siips
Boat Length {L} 125 XL tHEXL HED Y
25 a6 87 83
a0 80 86 72
3 50 47 52
44 38 37 41
45 a3z 3 32
50 26 25 27
85 2 21 25
80 1 19 22
Bh- 17 16 18

improves lateral stability and modifies the impression of a
long pier. Curved or siar arrangements for walkways are
wasteful of water space, conducive to boat damage, and
are expensive o build and maintain. Por floating walk-
ways, the finger walkways should extend the full boat
length, The finger walloways should not be less than 3 ft
wide. A "T" chould be placed at the end of a walkway
for lateral stabitity of the pier, and should be ar least as
long as the slips on either side of the main walkway.
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g38 - gE
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Figure 3-4. Small-craft berthing system (Sembiler et al
1965)

Main walkway widths should be a minimum of 4 ft wide,
H vehicles such as golf carts are aunticipated, a minimnm
width of 8% (2.4 m) shouid be allowed for turming.
Additionally, if significant pedestrian traffic is expected,
the width should be at least 8§ ft (2.4 m). Finger walk-
ways may need widths greater than 3 ft (6.9 my for stabil-
ity (floating) or for stength and rigidity. Finger
walkways do not bave to e¢xtend the length of the ship
(Chasberlain 1983, National Warter Safety Congress
1988).

&} Moorings. Mooring piles at the ovtmost end of the
shp allow stern-to-bow mooring (Figwre 3-5). For slips
longer than abowt 25 fi (7.6 o), an additional mooring
pile should be placed about halfway down the length of
the slip. This additional pile, called a spring pile, helps
restrain the fore and aft motion and provides protection
berween boats of adjacent slips. Additionally, a spring
pile can be substitmied for every other finger walkway
{Chamberlain 1983).

{dy Fairway, The width of the area berwesn adjacent
rows of slips, i.e. the fairway, should be 1.5 times the
length of the longest slip. If the current parallel to the
long dimension of the slip exceeds 210 3 knots, even
temporarily, the fairway should be widened 10 175 w
200 nmes the length of the longest slip to allow for
maneuvering in the down current (Chamberlain 1983).

(¢) Basin shape. Natural basins are often used for
marina development, taking advantage of aatural protec-
tion for boat slips. In some cases, it is necessaty to con-
struet 4 basin for protection from waves or high water
levels. Surrounding the mooring area with 2 breakwater
or other protection will provide the necessary profection.
Marina basins should be rectangular in shape to wtilize
space and for design purposes, the shorter side should be
a multiple of 200 to 250 ft (61 to 763 m). The use of
verrical bulkhead walls should be minimdzed and fmerior
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comers should be gemly rounded, preferably with con-
stantly changing radii. Such designs resull i the most
efficient tse of water area and profuote water circulation.
The basin bottom should be stoped toward the exit and
the waterway outside the marina. In designing 2 basin,
concern should be given to preserving or encoutaging all
patural flushing activities, If necessary, artificial flushing
should be cousidered {Chamberlain 1983).

(f) Chappels. Channel entrances and the channel igad-
ing to a matina should be as large as possible s¢ as @
provide safety and ease of passage in times of storm, fire,
or other emergency, and to promots flushing. Where
possible, the entrance should b2 located to avoid the direct
entry of waves. Any bends thal are pecessary should be
gradual {Dunham and Finn 1974). A breakwater can be
constructed to protect chapnel entrances from the direct
eniry of waves {Chamberlain 1983).

{g)} Harbor entrance channel, Harbor entrance chan-
aels showld be at least 60 fr {183 m) wide or four times
the beam of the widest boat berthed in the marina,

(y Chanpel leading to the marisa. A clear width of
rwice the enirance channel width, but not less than 60 ft
(183 m), should be required.

{1} Channel tuming. Required widths for mming are
2.25 times the length of the longest boat, For sites with
frequent onshore winds or a large mumber of single serew
power boats, the allowance for mrning width should be
increased from 2.5 to 2.75 times the longest boat.

e. Dead-end canal,

(1% General. Smatl boat dead-end canals are generally
constructed for access to residences with docking factli-
fies. Construction typically consists of excavation of an
access channel through wetlands by widening an existing
creek or excavaling a totally mew watercourse. The
access channel provides eagy access fo the ocean, coasial
waterway, river, reservoirs, or lake. Perimeter canals are
often conpected to the access canals 10 increase the
densiry of home sites, Christensen and Snyder (1978}
provide classification of existing canal systems; most
canal systems in the classification terminated in dead
ends.

(?) Environmemal imspact. The major environmental
iapact of early canal design was loss of wetlands, The
dead-end configurations inhibited mixing and exchange of
canal waters with the parent water body. As a
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consequence, storm-water polivtants and domestic wastes
sccumulated in the canals, resulting in nuisance plant
growth and depressed dissolved oxygen. Because of the
resuiting  environmental degradation. mosl regulatory
agencies prohibit the construction of new residential
canals until it can be shown thar such systems are ¢om-
patible with the site, thar the environment wiil not be
degraded, and that all regulatory Criteria are met, Several
techniques have recently been developed for reestablish-
ment of wetlands and sea grasses that can be used 10
mitigate for habitat losses and create new habitar
These techniques are dscossed in EM 1110-2-1204 and
EM 1110-2-5026.

(37 New canal design. New canal design recoupmen-
dations that are less damaging to the environment have
been suggested (USEPA 1975, Mormis 1981, US. Army
Corps of Engineers 1983)

(2} Canal developments should be restricted o non-
wetland areas.

(0 Flow-through or indented boal slip designs are
preferable to dead-end canals due 1o their superior cirenla-
tion characteristics. To the exient possible, dead-end
features should be eliminated from canal systems.

(¢) Canal deptiis for shallow draft pleasure craft should
be no more than 4-6 ft below mean low water. It has
been observed that "deep” canals are pot adequately
flushed by tidal action and that lower layers act as a trap
for sediments and organic material. It has also been
observed that canals fhat are very shaflow {under 4 1)
may have poor flushing characteristics, poot navigability,
and increased turbidity due 1o boat traffic.

{d) The grade of the canal bottom should be such that
no sills are created at any point in the systemn. When a
canal is first dredged, before conpection to ihe recelving
water body, a plug is often left in place. Upon removal, a
sill may remain which impedes the circulation of the
poftom waters.

(¢ Canals should be designed 1© maximize wind-
induced mixing, i.e., maximum width, minimum length,
and orientation with prevailing winds.

(fy Canal design should contain some shallows. lofer-
fidal and littoral vegetation consume nuiriemis from the
water, thus. the canal may improve the gquality of the
receiving waters by reducing nutrient content and possibly
taising the level of dissolved oxygen.




(g) Surface drainage patterns shouvld be designed with
swales, comtours, and shallow depressions for water reten-
ion, to minkmize direct rupoff into canal walerways.

() For residential sewage treatment, package plants or
lagoon systems are recommended.

J- Launching ramps.

{1} General. If properly placed and designed, lausch-
ing ramps should have a minimal impact on aguatic and
terrestrial resources, Under some conditons there may be
concern over the effects of wave wash on bank stability
and vepetation. If adjacent areas are shallow, buttom-
dwelling organisins and their babitar can be disrupted if
boats run aground or scrape the substrate. Valuable habi-
tats and their biota mmay be protected if wellmarked
routes to the launching ramp are established and reere-
ational craft are kept away from sensitive areas. If ramps
have to be located near valuable areas, breakwaters, bank
protection devices, or speed warnings may be required.

{2y Ramp design. Direct access to water areas should
be prevented by designing boat launching ramps that
require a deliberate mira from any access roads. Boat
ramp designs vary depeading upon their usage (US. Fish
and Wildlife Service 1980). Ramps are nsually con-
suucted adjacent to deep water for casy launching of
boats on traflers. They may range in widths from 1¢ ft 1o
over 50 ft (3-15 m). The length of a ramp may be over
60 % {18 m) The siope should be berween 12 and
16 percent above the waterline apd 15 to 20 percent
helow the waterline (EM 1110-1-400, National Water
Safety Congress 1988). 1t is recommended that a ramp be
paved to about 3 & (1.5 m) below the extreme low tde.
There should also be a level, gravel sheif at the end of the
ramp. The most common construction techaique for a
ramp is to use a gravel foundation covered by 3 0 6 0.
of concrete. Piers should also be provided for boarding
and holding a boat while launching. Iiis recommended
thar piers be provided on both sides of the ramp. The
ramp should be placed in a well-protected area with mini-
mal currents, bat one thar is well flushed w0 avoid the
buildup of exhaust, petrochemicals, and other potlutants
associated with boating operations. The ramp should have
a washdown facility, Oil, grease, and other poliutants
washed off a boat should be discharped intc the sewer
system rather than into the boat basin.

{2y Ramp safety designs. To provide adequaie {ac-
tion, the surfaces of the ramp should be scored or
patterned, Deep grooves in the concrete should be pet-
pendicular w0 the slope of the ramp to provide good
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vehicular traction. Where drop-offs exist or could form,
retaining curbs shouid be incorporated at the Jower end of
the ramp and on the ouiside edges or ramps. Consider-
ation should be given to providing chock blocks, where
feasible, Operation plans should include plans 10 keep
ramps free of aigae growth and siltation (National Water
Safety Congress 1988).

() Ramp area design. For boar trailer parking, a
general rule is 25 car and tailer parking spaces per lane,
except where demand or site conditions require deviations.
A mipimum of ope 754t {23-m-) diam vehicular -
around should be provided for each ramp. Courtesy load-
ing docks should be provided to allow for safe loading
and unloading of persons and gear (EM 1110-1-400,
MNational Water Safety Congress 1988}

(¢} Secwity lightinp. Adequate security lighting
should be provided, Appropriate signs should be placed
w encourage safe boating practices. Overhead power
lines crosging the water should be posted (National Water
Safety Congress 1988].

{3) Environmental npacts.

() If not properly designed, the construction of a boat
raip and associated parking facilities can resull in poth
immediate and long-term environmental effects.  Con-
structionn of a ramp and parking facilities can cause
increased erosion and associated twbidity as a reswlt of
altering the shoreline and interiidal habitats, smothering of
benthic antmals, and release of foxic substances used in
the construction material. A possible solutiop is the plant-
ing of marsh grasses and sea grasses (EM 1110-2-1204
and FM 1110-2.5026). Ramp site selection should avoid,
if possible, wetlands, and highty productive  Intertidal
habitats (i.e., shellfish Deds, sea grasses, nursery habitat,
etc). The construction of a ramp will displace shoreline
and aquatic habitats and in roost cases replace it with less
productive habitat, particularly if the ramp is heavily used.
Construction can also result in increased noise and air
polhation.

(by Long-term impacts are assoviated with dredging
and channel deepening to accommeodate the ramp, protec-
tive structures that may be reguired. parking facilities that
require clearing and grading the land, and increased
human usage of the area. Increased operation of boats in
association with the ramp will increase tarbulence of the
water, pefrochemical pollution, and noise which may
affect fish and wildlife resources and humans in the arva.
Generally, channel depths providing a clearance of 2-3 fi
between the propeller of a vessel and the chaunnel botom
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during low waters, will be sufficient o prevent tcreased
rurbidities (NOAA 1976). It is also possible that a greater
number of boats and their wakes may increase shoreline
erosion, requiring additional protective shoreline struc-
res. If the ramp becomes a popular boat launching area.
it may atract other commercial facilities that coutd further
increase habitat alterations.

{4) Alrernatives.

(2) An alterpative that shouid be considered in place
of a boat ramp is a hoist that can pick a boat up off a
trailer and place it in the water. A hoist usually requires
a pier or other stucture to allow access io navigable
waters. The hoist would be appropriste where the waier
is deep close to the shore. In areas where there is a
natrow band of marsh or shallow water separating the
shore from deep water, a dock or pier could be used to
span these areas.

by A maripe way (dolly) is another alternative 10 &
poat ramp. This operation requires liffing the boat onto 2
rail and lowering the boat down the rail into the water.
Its advantage is that boats can be launched in areas with a
shaliow slope at low tides.

3-2. Basin Operating Criteria
a, Periods of Operation.

(1) Under certain conditions, it is often possidle ©
restrict  dredging, comstruction, or related aciivities to
appropriate times of the year s 85 1ot 1o negatively affect
cestain biota (LaSalle 1988, Sanders and Kilgore 1989
Boat ramps ate usuaily constructed during low water
periods when banks are dry and construciion will not be
impeded by high water. There are probably fewer nega-
tive effects to aquatic biota during late summer and fall
when aguatic plants have senesced, reproduction of fishes
and macroinvertebrates has taken place. and many aquatic
insects have emerged. Water clarity is usually highest
during late summmer and early fall, so the effects of sedi-
mentation may appear great, although Impacts Yo spawn-
ing or mursery areas will be minimal.

(2) Tt may be virtually impossible to restrict access 10
boat ramps during selected times of the year. When fish
spawning and plant growth are maximal (i.e., during the
spring), recreation use is often at a peak. Rather than
aitempt (o restrict access, boat ramps and facilities should
be designed so that sensitive areas will not be damaged.
The use of buoys and breakwaters, placing boat lanes so
that they are straight and do not encroach on valuable
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areas, and enforcement of reduced speed zones are all
methods of protecting biota repardiess of season. Sea-
sonal restrictions on dredging and construction activities
are based on perception Of concern that such agtivities
will have a negative impact on biojogical resovrces. The
major concerns are related 10 impacts on nigrating waker-
fowl, shore and wading birds, fish migration, and larval
and juvenile fish and shelifish. Restrictions may be just-
fied in cases where there are known occurrences of the
apimals in the vieinity of the constraction site during
specific seasons. Project activities should be scheduled to
mininkize interference with reproduction, rearing. and
mipration of these bioclogical resources {Cardwell and
Koons 1081). Careful planning and scheduling of dredg-
ing and construction can minimize these impacts.

b, Water guality impacts,

(1) Fiushing. Water guality mpacts of small boat
basitis can be attributed 10 excess impur of pollutants
and/or inhibited flushing. Fiushing is a concept of how
long a constimens remains in the water body, The term
“flushing” is often misused in that a single number {8.g.,
10 days) is sometimes used to deseribe the flushing fime
of a harbor. In actuality, the flushing rate ranges from
0 days at the boundary to several weeks depending on
location within the marina water body. A decrease in
flushing increases the time that a constituent exerts is
influence on the water quality. Site selection, basin
design, and operation procedures are the most effective
ways {0 minimize possible water quality impacts. Obijec-
tives should include minimization of pollution sources and
maximization of flushing. Bvaluation of wuer guality
impacts involves an assessment of the input of pollutants
and fushing of the water body.

(2> Pollwtant sources. The rerm pollutant refers 0
gither namrally occurring or synthetic materials that may
occur in sufficient quantity to adversely affect water qual-
ity. The major sources of pollution include stonn water
runoff, sanitary wastes, and wastes from boat operation
and maintepance. In addition, pollutants may be intro-
duced throngh dredging and dredged material disposal
during either construction or mRAMERanse.

{2) Rainfall creates munoff from roofs, parking lots,
roads, fields, forests, lawns, ete. The renoff may carry a
variety of pollutants that may degrade water quality.
These pollutants include sediment. nutrients. pesticides. oil
and prease, metals, and pathogens.

(b) Sanitary wastes cause an increase in the nurient
supply. an increase in biochemical oxygen demand, and
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introduction of disease-causing viral and bacterial organ-
isms. Pollutants from this source can enter smali boat
baging in wastewater directly discharged from boats or
from improperly functioning or poorty located sepiic
systems that allow sewage effluents to leach into the
basin, :

fe) Onher wastes from boat operation and malnlenance
include potlutants such as gaschne, oil, and grease; solid
waste; trash; lead; copper; and detergents.

(3} Predictive technigues. Application of predictive
technigues to assess the water quality impacts (e.g..
depressed dissolved oxygen (DOp of these pollutanis
sequires an estimate of pollutant Joading. If actual values
for various loadings are not available, the USEPA (1985
provides estimates of constittent concentrations for vrban
ranoff and contribution from boats.

(#) Flushing and DO. The water guality in harbers s
senerally lower than the waser quality of the parent water
body. However, successiul control of water guality is
usually dependent upon periodic exchanges of harbor
water with the parent water body. Dunbam and Fima
(19743 suggested that for single enwance marine harbors,
an average daily exchange of water equivalent to about
one-third of the harbor’s mean tidal volume is usually
sufficient to prevent water stagmation. Boozer (1979)
stated that for marine barbors, turnover times of 2-4 days
will generally prevent stagnation or the buildup of high
pollution concentrations. By correlating hydraulic model
estimates of flushing with water quality measurements in
five Puget Sownd Marinas, Cardwell, Nece, and Richey
(1980) supgest that a mean exchange coefficient of 30
percent was uecessary o preveld serious fluctuations in
130, The mean exchange coefficient is the perceatage of
water in a basin thar is removed and replaced with ambi-
ent water during each tidal cycle. Although the three
methods use different technigues, the results are nearly
equivatent, Importantly, the three exchange estimates are
for marinas for which tidal action is the dominant factor.

(a) Rivers and lakes. In flowing rivers, potential
water quality problems are minimized because the river
currents will induce cirenlatory flow. In lakes, small craft
harbors are typically constmcted in coves; the use of
floating docks minimaily affects the existing circulation
and thus the exchange with the parent water body.

(py Marinas. Marinas may he located near the ooean
where solid breakwaters may be used for protection. The
harhor consiraction may significantly affect the water
exchange with the paremt water body. Nece et al. (1979}
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used physical models to study geometric effects of marina
design and suggested design features for maximum fiosh-
ing: the best design of a rectangular basin for optimal
tidal flushing wonld have a lengsivbreadih ratic berween
0.5 and 2.0, rounded corners, and a centered entrance.
However, asymmetric basins within the smme length/
breadth ratio and with rounded comners also exhibit
adequate flushing c¢haracteristics. Lifmle guidance was
found on designs with multiple entrances; however, parent
waler body circulation could be used to ephance water
exchange. Two openings at opposite ends of the marina
could establish flow-through water currents. Other design
considerations for enhancing flushing include (Boozer
1979); marinas should have wide and deep entrances
with depth pradually decreasing toward the inner reaches
of the marina; marinas should never be desper than either
the open water or chanpels to which they are connecied
and never deeper than their own access channels; and
marinas should use floating breakwaters o dampen
imeoting waves yet allow less restricied water circulation.
Most of the early designs of marina systems were based
on a simple floshing analysis. The flushing analyses were
a varant of the tdal prism method (Walton 1983). Such
an approach for marimas is a reasonable “back-of-the-
envelope” calculation to obtain an idea of the exchange of
water between the marina and adjacent waterway. The
procedure is described in Chapter 4 of the Cogsul
Marinas Assessiment Handbook (USEPA 1983). In study-
tng South Beach Marina in Oregon, Callaway (1981) used
a simple flushing model to simulate mixing. His resulls
showed excellent agreement with a physical medel of the
system, but showed that both the physical and flushing
models overestimaied the flushing titme when compared 10
field duta.

{¢) Residential camals. Tidal prism analysis 1s not
applicable to canal sysfems because the assumption of
complete mixing is pot valid. The use of the one-
dimensional modet DYNTRAN (Moore and Walion 1984)
provides a reladvely rapid, conservative, and inexpensive
procedure for assessing flushing and PO, The procedure
is consérvative becanse the physical mixing processes due
o wind, density-induced currents, and secondary CuIrents
are pot included in the model  Several basin desiga fea-
tures that promote flushing are basin depths that are not
deeper than the open wafer, two openings at opposite ends
of the marina to establish flow-through corrents, minimal
vertical walls, a rectangular basin with single entances
that are centered, and basin depths that gradually increase
toward open water.

(5) DO analysis. The level of DO is used to character-
ize water guality Decause it serves as an integrated
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measure of physical, chemical, and Dbiologicat pwocesses.
DO is included in all state water quality standards. The
procedure for DO analysis consists of two phases. The
first phase consists of a flushing analysis for estimates of
flushing rates or flows. The second phase consisis of the
use of the flushing rate esiimates for the solution of mass
halance equations relating DO o sources such as reaera-
ton and sinks such as biochemical oxygen demand
(ROD) decay. A procedure is outlined in the Coastal
Marinas Assessment Fandbook (USEPA 1985y,  Two-
and three-dimensional numerical hydrodynamic and water
quality models are avaitable (Hall, Dortch, and Bird 1988)
that can addfess the flushing and water quality of small
boat basins. Although not justified in the past, due to the
rapid decrease in computational costs and the capability to
ran some applications on nHcrocompuiars, the application
of mumerical models for analyses of small boat basing is
pow feasibie.
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(6) Water exchange. Water exchange does not always
ensure good water quatity. A significant factor in water
quality coptrol is the elimination of direet sowrces of
pollution: storm-water runoff, sanitary wagtes, and wastes
from boat operation and maintenance.

¢, Control of adjacent land and water use. Planniog
for adjacent land and water use should he documented in
a master plan and in provisions of permits for marinas.
The master plan should cossider irash and garbage
pickup, and provision of a boat maintenance arega for
washing boats. The need for mainwnance dredging fo
minimize siltation and to ensure adequate chamnel depth
and alignment should be evaluated. Maintenance dredg-
ing shomnld be scheduled to minimize inpacts on ClETEnt
paths and wave action and impacts to adjagent beaches
and wetlands {Chamberiain 1983).




Chapter 4
Attendant Problems and Responsibilities

4-1. Boat Discharges

Due to the Limited circulation in most small boat basins,
the discharge of pollutants from boats can have adverse
environmental impacts, Primary boat discharges nchude
sanitary wastes and DAt 180701 emissions.

a. Sanitary waste.

(1} Sanitary waste discharges from boats pose a healih
risk am! can potentiaily vielate slate waler quality stan-
dards, especially for boat basins Jocated near bathing or
shellfishing waters. Boat sewage can be visaally
repuisive (Chmura and Ross 1978) and may contribute 1o
increased BOD in receiving waters (NOAA 1976). BOD
s a measare of the DO required 1o stabilize the
decomposable matter present il a water body by asrobic
biochemical action. When BOD increases, DO available
for aquatic organisms decreases. Anaerobic waters create
a swnp for pollutanis and organics resuliing in stagnant,
sutfide-odorous, and slow-decaying (due (o low DX
conditions.

2y The most serious effect of discharging frash fecal
material is the potential for introducing disease-causing
viruges and bacieria (pathogens). Problems may occur if
boat sewage is released in the vicimiy of shelifish {clam
or oyster) beds or fo enclosed waterways with limited
flushing, Shelifish reguire clean water 10 be migrobiclog-
ically safe for human consumption, regardless of whether
they are eaten raw or partially cocked {IJSEPA 1985}

(3) Management of boat sanitary waste discharges
inclndes the installaton amd proper use of equipment
onboard the vessels and onshore equipment for coilection
and disposal. The onboard equipment is referred 10 as
marine sanitation devices (MSD).  Another means of
managing boat sanitary waste discharges would be o
educate boaters abowt the potential health risks associated
with the discharge of sewage. Boat toilet use would be
reduced if marinas discouraged “live-aboards” and
provided well-maintained shoreside restroom facilities of
sufficient quamtity to accomnodaie above-average boating
populations. Shoreside facilides must be convenient o
the docks (Chrmra and Ross 1978). USEPA does not
require a National Pollutant Discharge Eliminarion System
permit for: "Any discharge of sewage from vessels, efflu-
ent from properly functioning marine engines, lauadry,
shower, and galley sink wastes. of any other discharge
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incidental to the normal operation of a vessel.” However,
this exclusion doesnot apply to permanently moored ves-
sels.) Permanently moored vessels could be discouraged
from: marinas in order to avoid potential discharge of any
sewage from all vessels info agquatic babitats by applying
to the USEPA Administrator for issuance of a regulation
prohibiting discharge into well-defined shellfish growing
waters (USEPA 1985).

b, Boat motor emissions,

(1} Boat motor emissions include hydrocarbons and
lead. Once exhausts are released from outboard motors.
some of the hydrocarbons become suspended in the water
column while others evaporate at the surface (Kuzmninski,
Tackivicz, and Bancroft 1973). Clark, Finely. and Gibson
(1974) suggested that small amoums of hydrocarbons
from outboard motor wastes may adversely affect mussels
and oysters. They found thal mussels were more sensitive
to two-cycle outboard motor effluent than oysters, and
that cunmlative mortality in mussels after 10 days was
66 percent compared with 14 percent for oysters.

(2) The major source {approximately 88 percent) of
tead that enters a basin through subsurface cuthoard moior
exhaust was the combustion of Jeaded gasoline, which is
no longer available (May and MeKinney 1981). Lead is
very toxic to most plants and is moderaely toxic © mam-
mals, where it acts as a cwnulative poison {(Bowen 1966).
The aguatic organismis most sensitive io this matal are
fish (Mathis and Kevern 1975). Boat motor emissions
can be reduced through the increased use of unleaded
fuels and by manufacturer research and development
aimed at reducing the pollutants in emissions and increas-
ing fuel efficiency. Public education directed soward the
importance of well-uned engines in reducing emigsions
and increasing efficiency is another mitigative measure 10
be considered (USEPA 1985}

4-2. Water Quality Monitoring and Maintenance

a.  Sewage discharge from vessels moored in a boat
basin is normally a minimat poliution problem. However,
the developmemnt of recreation facilities will result in
replacement of existing lands with impervious surfaces,
inereases in comtaminants and surface runoff, and
increased siltation. :

! fetter from Roger O. Olmstead, Program Manager,
Shellfish Sanitation, USFDA, Atama, GA 10 1. David
Clem, Chief, Shelifish Sanitation Branch, 1 December
1932,
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1¥ small boat basin design results in a confined basia,
there is the potential for stagnation and evemtual accumi-
lation of pollutants. This can resalt in decreasgs in dis-
soived oxygen levels below acceptable levels. The basin
should be orented so that flushing currents are iawo-
duced. Design componenis {0 encourage flushing include
taking advantage of prevailing winds; elimination of cor-
ners of projections in basin design; and shaping and slop-
ing of the bottom of the basin. In severe cases, flushing
can be achieved by pumping water from an adiacent area
or by aerating the basin.

b, Water quality monitoring can be expensive. The
most econamyical aliemative comparted to field monitoring
may be the use of a numerical model. Al models require
some field data for proper calibration. Tetra Tech (1988)
deterntined that a better and more cost-effective approach
would be a combination of both water guality monitoring
and numerical modeling, These models may be used ©
predict flushing time and polintant concentraions without
site-specific data.  Another advaniage of nmumerical
models over field monitoring is the ability to perform
sensitivity analyses to establish a set of design criteria.
Numerical models may be used 1o evaluate different alter-
native designs w0 determine the configuration that would
provide for maximum flushing of pollutants.  These mod-
els may also be used 1o perform sensitvity analysis on the
selected optimum design. '

4.3, Environmental Effects of Structures

Breakwaters and jefties assoctated with inarinas. boat
ramps, or harbors can benefit aquatic biota. Gravel and
cobble provide substrate for small plants, crustaceans, and
molinscs, which are food for fishes and waterfowl (Miller
1088, Payne 1989). In addition, rock struclures oreaie
¢uiescent areas that are used by larval and juvenile fishes,
ac well as freshwater mussels and crustaceans. Jeites and
other tock structures may be parnticulaly beneficial if they
are placed in Iakes or estuaries where substrate consists
mainty of fine-grained sands and siits.  The negative
offects of these structures probably originate from
improper construction practices. Heavy equipment should
be kept clear of shallow aquatic babitars, wetland vegeta-
tion, and unsfable banks. Coarse rock and riprap are the
best materials for construction of jeuies and other rock
structures.  Although automobile bodies and mbble from
construction can be used in place of riprap, this material
is nosightly and can be dangercus forswimmers and may
be a source of foxicants or nuisance fiotsam.

a. Marinas.

(1) The impacts of small boat basins are dependent on
the sepsitivity of the site selected, the design of the
marina, and the extent of the impacts on the environment,
The nature of a small boat basin dictates the need for
protected waters that are conducive o stagnation and

_associated water quality problems. Basing that contain
dead-end canals and are imadequately flushed may create

major water guality problems. Stagnation may resulf i
higher temperatures and salinities in the basin than in
ummodified areas. Poor circulation may also result in the
buildup of debris, organic material in the water anel sedi-
ments, phytoplankion blooms, depletion of oxygen in the
water, and associated fish kills (de La Cruz 1983; McBee
and Breham 1979). There are a number of design fea-
tures that can be considered to improve the environmental
quality of a harbor. The shape of the basin is important.
It should Fit the flow patterns of the area i possible. This
requires avoiding square-shaped basing  and dead-end
canals that create dead-water areas. Basins should be
constructed so thai they are not deeper than their access
chapnel. The most desirable design would be a marina
with a wide deep entrance channel with graciually decreas-
ing depths toward the inner harbor (NOAA 1976). This
design would provide improved flushing rates in the
marina.  With this design, larger vessels could be moored
toward the mouth of the marina and shallower draft ves-
sels in inner portions of the barbor. Flow-through designs
would also be desirable. Open piles and floating break-
waters would be more conducive 1o water ¢irgulation in &
basin, Where an open fow-through design is not feasible,
breaches or culverts should be considered to enhance
circulation and flushing of the basin. A small boat basia
should not be located near sewage or industrial outfalls
that may sompound potential water guality problems.

(2) Water quality in the harbor may be further
impacted by boating activities. Petroleums products may
be released in the water from boal engines. Boating
operations may alse add to the rarbidity of the water in
the basin if it is shallow and may result in a reduction of
photosyathesis and dissolved oxygen in the water. Gener-
ally, a water depth of 2-3 ft between the propeller of a
vessel and the bottom during low water should prevent
these problems (NOAA 1976). Other water quality prob-
lems may result from oil spills, sewage disposal, and land
munoff into the basin. Contamination may also result from
protective paints {copper) on boats.
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(3) Noise and air poflution from constrection andfor
operation of a marina may also disturb aguatic and terres-
trial animats and humans in the inuediate area.

b, Jetties.

(1} Jerdes associated with marinas arg struchures used
to stabilize the position of the navigation chamnel, 10
shield vessels from wave forces, and to control the
movement of sand aleng the adjavent beaches so as (o0
minimize the movement of sand into the channel
(EM 1110-2-1204). The sand wansporied into @ channel
will interfere with navigation depth. Becanse of the long-
shore trapsport reversals commos al many sites, jetties are
often required on both sides of a channel 1o achieve com-
plete channel protection. It is the impoundment of sand at
the updrift jetty that creates the major physical impact.
When fully developed, the impounded sand extends well
updrift on the beach and outward toward the tip of the

Fay.

(2} Another major physical impact of a jetty is the
erosion of the downdrift beach. Before the installation of
a jetty, nature supplies sand by interpritently transporting
#t along shore. The reduction or cessation of this sand
wansport due to the presence of a jetry leaves the down-
drift beach with an inadequate narural supply of sand to
replace that carried away by Huoral currents.

3y To minimize the downdrift erosion, some projects
provide for periodically dredging the sand impounded by
the updrift jetty and pumping it through a pipeline fo the
downdrift eroding beach. This pumping provides nourish-
ment of the downdrift beach and also reduces shoaling of
the chammel. If the sand impounded at the updiift jemy
extends to the head or seaward end of the jetty, sand will
move around the jetty and into the changel, causing a
navigation hazard. Therefore, the purpose of sand bypass-

ing is not only to reduce downdrift erosion, but also o

help maigtain a safe pavigation channel.

{4y One design alternative for sand bypassing involves
a low section or weir in the updrift jutty over which sand
moves o a sheltered, predredged deposition basin. By
dredging the basin perodically, channel shoaling 15
reduced or eliminated. The dredged material is periodi-
cally pumped across the navigation channel to provide
noutishment for the downdrift shore.

¢. Breakwaters.

(1} Breakwaters are wave energy bareders designed 1o
protect any land form or water area behind them from the
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direct assault of waves (EM 1110-2-1204). Because of
the higher cost of these offshore structures, breakwaters
have been muainly used for harbor protection and naviga-
tional purposes. In recent years, shore-paraliel, detached,
or segmented breakwaters have been used for shore
protection structures.

(7} Breakwaters have both beneficial and detrimental
effects on the shore. All breakwaters reduce or eliminate
wave action in the lee (shadow). However, whether they
are offshore, detached, or shore-connected structures, the
reduction or elimination of wave action also reduces the
fongshore tramsport inn the shadow of the breakwater. Feor
affshore breakwaters, reducing the wave action leads 10 a
sand aceretion.

(3) Shore-connected breakwaters provide protection 10
harbors from wave action and have the advantage of a
shore arm to facilitate construction and maintenance of
the structiure (Figure 4-1).

(4 At a harbor breakwater, the longshore movement of
sand generally can be resiored by pumping sand from the
side where sand accumulates through a pipeline 1o the
eroded downdrift beach

¢(5) Offshore breakwaters have also been used in con-
janction with navigation structures €0 control  channel
shoaling. If the offshore breakwater is placed immedi-
ately updrift from a pavigaton opening, the structure
impounds sand in its lee. prevents it from entering the
pavigation channel, and affords shelter for a floating
dredpe plant to pump out the impounded material across
the channel to the downdrift beach.

4. Physical considerations,

(1) Jetty, breakwater, and marina COnSIuClion are
invariably accompapied by localized changes in the
hydrodynamic regime, creating new hydraulic and wave
energy conditions. The initial disruption of the estab-
lished dynamic equilibrium will be followed by 2 trend
toward .a new set of equilibriom conditions.  Rapid
dynamic alterations i the physical eavironment may
oceur in the shori-term Hme scale as the shore processes
respond to the influence of the new strectures. Slower,
more gradual, and perhaps more subtle changes may
pocur over the Iong term.

21 In light of the dynamic character of shore process-
es, assessment of the effects of coastal engineering pro-
jects on shorelines is a difficult task. Shoreline changes
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Figure 4-1. Erosion and acoretion patterns in associa-
tion with detached and attached breakwaters

mduced by the presence of a stucture may be masked by
wide ammual or seasonal fluctuations in narural physical
processes. Several events, however, can be predicted in
response to jetty, breakwater, and mariza construction
with reasomable certainty. For example, by creating
wave-sheltered areas, construction will result in changes
in the erosional and depositional patterns along adjacent
beaches, both inshore and offshore. A jetty or shore-
connected breakwater will form a barrier fo longshore
ransport if the structure exfends seaward beyond the smf
zome.  Spatial extent of the ensuing shoreline alleration
will depend on the structure’s effectiveness as 2 sediment
trap, which is a function of s orientation to the
prevailing wave climate. Updrift accretion of sediments
will confinue until the sink area is filled to capacity and
the readjusted shoreline deflecis jongshore tranusport past
the seaward termimus of the jetty. The volume of sedi-
ment trapped by the structure represents material removed
from the natural sand Dypassing process. Consequenily,
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the downdrift shoreline will be deprived of this sediment
and become subject to erosion,  In clroumstances where
waves are refracted around the stuctures i a proper
manner, accretion can occur along the seaward side of a
downdrift jetty. Reflection of waves from a jetty orf
preakwater may also cause erosion of adjacent shorelines.
However, erosion further down the shoreline is not pre-
chuded. Planming for adequate sand bypassing is, in view
of the above considerations, a critical requirement of
coastal construction,

(3) FBrosion refated o jetties will not necessarily be
limited to downdrift shorglines. Jetties confine flows
through a chanuel such that cugrent velocities are
increased. An ephancement of ebb jet flows will result in
displacement of sediments from between the jetties in a
seaward direction to deeper waters,

{4y Shore-conpected breakwaters of a small boat basin
affect shorelines in much the samne manner as jetties.
Aceretion occurs along the updrift junction of shore and
structure and confinues untl longshore wansport is
deflected around the free end 1o the breakwater
(Figore 4-1). Calm waters in the protected lee of the
breakwater provide a depositional area that can rapidly
choal. Sediments wapped in the aceretional area and
terminal shoal are prevented from reaching downdrift
beaches, and substantial erosion may resull,

{5) Offshore breakwaters create depositional areas in
their "shadows" by reflecting or dissipating wave énergy
(Figure 4-1). Reduction of wave energy impacting a
shoreline in the lee of the strucrare retards the longshore
transport of sediments out of the area agd accretion
ensuss. The extent of aceretion will depend on the exist-
ing balance of shore processes ai a given project site.
Generally, a cuspate spit will develop between the shore-
line and the sirpcmre as the system approaches a new
equilibrium, However, if the breakwater is sitwated in the
litoral zone such that it forms a very effective sediment
teap. a complete connection will gventally form, merging
the shoreline with the structure. A tombola associated
with ag offshore breakwater may present a severe obstruc-
tion to littoral transport and trap a significant volume of
sediment. Extensive downdrift erosion may result.

(6) By modifying the cross-sectional area of a channel,
jetty construction potentially can alter the tidal prism, or
volume of water entering or exiting through a channel in
one udal cycle. Enlarging a channel can increase the tidal
range within a barbor. In comnection with chanpel
deepening, seawaler may intrude further into the harbor
than occurred under pre-project conditions. Circulation




patterns within a basin may be allered as a consequence
of modified floodwater current conditions. Thus, the arsa
physically affected by jetty constmction  might be
extended appreciable distances from the actual project
Rt

e. Water quality considerations.

{1} Suspended sediments. Dauring the constuction and
dredging of a small boat basin, suspended sediment con-
centrations may be elevated in the water immediately
adjacent to the operations (EM 1110-2-1204, U.5. Army
Corps of Engineers 1989, NOAA i976). I many
instances, however, construction and dredging will be
gccurting in maturally furbid estuarine or coastal waters.
Plants and animals residing in these environments are
generally adapted 0, and are very folerant of, high sus-
pended sediment concentrations. The current state of
knowledge concerning suspended sediment effects indi-
cates that anticipated levels (geperally less than
1,000 mg/) generated by construction and dredging do not
pose a significant risk to most biological resources
(U.S. Army Corps of Enpineers 1989). The adaptability
of the animals to high turbidities may minimize environ-
mental impacts. However, turbidity confrol is always in
the best nterest of the environment during construction of
dredging activities, Although estuaries and coastal waters
are geperally more tirbid than coral reefs, they are pol
insensitive to potentially Indiscriminate construction prac-
sices. High levels of suspended sediment concentrations
remain a concern I construction projects. Limited spatial
extent and temporal duration of turbidity fields associated
with these construction activities reinforce this assessment.
However, when constraction and deedging are 1o ocour in
a clear-water environment, such as in the vicinity of coral
reefs or sea grass beds, precautions should be taken to
sminimize the amounts of resuspended sediments. Organ-
isms in these environments are generally less tolerant 10
inereased siltation rates, reduced levels of available light,
and other effects of elevated suspended sediment coneen-
trations (US. Army Corps of Engineers 1983,
BM 1110-2-1204). Potential negative impacts can be
somewhat alleviated by erection of a floating silt cortain
around the point of impact when current and wave condt-
ions allow. However, high-energy conditions usually
prechude  the use of silt curtains (NOAA 1876,
EM 1110-2-1202).

2y Other water qualily impacts. Indirect hmpacis on
water quality may result from changes i the hydrody-
namic regime. The most notable impact of this type is
associated with breakwaters which form a semi-enclosed
basin used for small boat harbors of Imarinas. If the
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flushing rate of the basin is roo slow 1o provide adequate
removal of the contaminants, toxic concenirations may
result {USEPA 1983, NOAA 1976, 11.8. Fish and Wildtife
Service 1980, EM 1110-2-1204).  Also, flucmations in
parameters such as salinity, femperature, dissolved oxy-
gen, and dissolved organics may be induced by construc-
Hon or due to aliered circulation paitems. Anticipated
changes in these parameters should be evaluated with
reference to the known ecological requirements of inpor-
tant biological resources in the project area.

£ Biclogical considerations.

{1) Habitar losses, Meagsurable amounts of bottom
babitat are physically eradicated in the paih of a fizxed
jetty or brealowater during consiruction of a small boat
basin, If a robble-mound structure with a toe-to-toe width
of 164 fr (50 m) is used as an example, 0.6 mile (1 km}
of structure removes approximately 12.5 acres {5 ha) of
preexisting  bottom habitar (EM 1110-2-1204). QOnce a
structare is in place, water currents and warbulence along
its base can produee a scouring action, which continually
shiffe the bed material. Scour holes may develop, pATLcn-
lacly at the ends of structures. Scouring action may effec-
tively prevemt the colonization and utilization of that
habitat area by sediment-dwelling organisms. Effects of
scouring ave largely confined to eatrance channels and
narrow strips of bottom habitat immediately adjacent fo
strucmures. Usually, only a portion of the perimeter of a
siructure will be subject w scouring, such as along the
channel side of the downdrft jerty. Generally, the
amount of soft bottom habitat lost at a given project site
will be insignificant in comparison with the total amount
of that habitat available. Exceptions to this statement may
exist, such as where breakwater consiruction and dredging
of the total enclosed harbor area will displace large
acreages of intertidal habitat. Often snch habitats function
ac pursery areas fer estuarine-dependent juvenile stages of
fishes and shelifish, and the availability of those habitats
will be a determining factor in the population dynamics of
these species. Most marina projects, however, require
only a small amount of dredging. The impacts of these
projects will be minor provided marshes, sea grasses, and
other crirical habitat are not disturbed. Dredged material
should be placed on high ground within the marina area,
if possible (NOAA 1976}, Dredged material can be used
1o improve coastal ecosystems if it can b disposed in a
manner to establish artificial marshes, sea grass beds, and
shellfish beds (NOAA 1976, EM 1110-2-5026, Pullen and
Thayer 1989). Additional habitat losses may oeeur when
significant erosion of downdrift shorelines impacts spawi-
ing or nesting habitats of fishes, shorebirds. or other
organisms and when the ridal range of a habor is
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modified by entrance channel modificarion, which in nus
affects coastal habitat. Short-isrin impacts of dus type
may also ovour during constroction activities as heavy
equipment gains access to the project site.  Small boat
hasins in some coastal regions are gonstructed in areas of
rocks or other hard botioms and may require blasting o
preak up the rocks during construction. Fish kills may
result from the blasting. The major damage is to fish
with swim bladders. Tests have shown that a force of
40-50 psi from a high explosive charge is usuaily fatal o0
adulr fish with swim bladders, whereas a charge as low as
2.7 psi will kill juveniles (U.5. Army Corps of Engineers
19893,

{23 Habitai pains.

(a) Losses of benthic (boitom) habitat and associated
tenthos f(hottom-dwelling organisms) due to physical
eradication or scouzing will gradeafly be offset by the
pain of new habitat represented by the strucwures them-
salves and the biclogical community, which becomes
established thereon (NOAA 1976, EM 1110-2-1204). The
made-off made in reptacing "soft” (mud or sand) bottom
habitat with "hard” (rock, at least in rubble-mound struc-
nuwres) bottom habitat has generally been viewed as 2
beneficial impact associated with jenty and breakwater
projects. Submerged portions of jetties and breakwaters,
inclading intertidal segments of coastal struchures, func-
tion as artificial reef habitats and are rapidly colonized by
opportunistic aquatic Organisms. Civer the course of tme,
structures n maripe, estuarine, aud most freshwater
environments develop diverse, productive, reeflike com-
muonities.  Detailed descriptions of the biota colonizing
rubble-mound structures have been made for project sites
on the Pacific (Johnson and De Wit 1978), Aglantic {(Van
Dolah, Know, and Calder 1984), Guif of Mexico (Hastings
1979, Whitten, Rosene, and Hedgpeth 1950, and Great
Lakes (Manny et al. 1985} coastlines. In some geo-
graphical areas, jeities and breakwaters provide the only
aearshore source of hard-bouom habitat.  Also, exposed
portions  of detached struclazes may be colonized by
seabirds.

(b) The ultimate character of the biological commu-
wity found on a jetfy or breakwaler of a small boat basin
will depend on the quality of habitat afforded by the
construction materiais used. Physical complexity (e,
rough surfaces with many interstitial spaces and a high
surface area o volume ratio) is a desirable feature of
rubblemound structures in comparison with the relatively
smooth, {lat sudface of steel sheet-pile, concrete buikhead.
caisson  stractures  (EM 1110-2-1204, NOAA 1976,
U.S. Fish and Wildlife Service 1980). The sloping sides
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of rubble-mound structures also maximize the surface area
of habitar created. Structures with sloping sides also
provide more habitat within a given depth interval than
structures with vertical elements, Where depths are suffi-
cient, the biota on jerties and breakwaters exhibit vertical
zonation, with different assemblages of organisms having
discrete depth distributions.  In general, then, strociures
puiit in deep waters will support a more diverse flora and
fanna than those in shallow waters. This partern will be
influenced by such factors as latitude and tidal range.

(¢) Just as changes in shoreline configuration and
beach profile can entail habitat loss, fhey can also repre-
sent habitat gain. Accretional areas, such as exposed
bars, and the above-water portion of struciures 1Bay he
used, for example, by wading and shorebirds for nesting,
feeding, and resting sites.

{3y Migration of fishes and shelifishes,

{a) Eges and larvae. Early life history stages, namely
eges and larvae, of many imporiant commercial and sport
Fshes and shellfishes are almost entirely dependent on
water currents for transporfation between spawning
grounds and nursery areas (EM 1110-2-1204). A concern
which has sometimes been voiced by resource agencies n
relation o jefty projécts is that altered patterns of water
flow may adversely affect the transport of eggs and lar-
vae. Those eggs and larvae catried by longshore currents
might be especially susceptible fo entrapment or delay in
eddies and slack areas formed adjacent to updrift jetries af
various times in the tidal cycle. Even short delays in the
passage of eggs and larvae may be significant because of
critical relationships between the developmental siage
when feeding begins and the availability of their food
items. Al aspects of this potential impact remain hypo-
thetical. No conclusive evidence exists to support either
the presence or absence of impacts on egg and larval
wansport. This fact is frue even where jenties have been
present for relatively long spans of tme. The complexity
of the physical and biological processes involved would
render field assessments of this impact a long-term and
expensive undertaking. The results of hydraulic modeling
studies related to this gquestion have been inconclusive
(U.5. Amy Corps of Engineers 1980). Future modeling
studies combined with field verification studies may pro-
vide insight into resolving the validity of this concem.

by Juveniles and adults. Similar concern has Deen
voiced regarding potential impacts of jetties and break-
waters on migration of juvenile and adualt fishes and shell-
fishes, These stages generally have well-developed
swimming capabilities, such that physical barriers imposed
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by these structures are less of a concern than are
behavioral barriers. This issue has been raised primarily
in sssociation with projects in the Pacific Northwest, and
with anadromous fishes in particular {Faurot et al. 19893,
Anadromous fishes, including many salmomids, spend
much of their adult life in the ocean, then return 1o fresh
water 10 spawn, Barly life history stages spend various
lengths of time in fresh water before moving downsirean
w0 estnaries where the transition to the juvenile stage is
completed. Specific concerns are that juveniles or adults
will not circumvent structures that extend for considerable
distances offshore, Juveniles in particular are knows 1o
migrate in narrow corridors of shallow water along coast-
lings and may be reluctant, due o depth preferences, o
move into deeper waters, The State of Washington has
developed criteria whereby continuous structires that
extend beyond mean low water are prohibited. Designs of
coastal structures there are required to  incorporate
preaches or gaps to accommodate fish passage
(EM 1110-2-1204).

(4} Increase predation pressure. Coastal rubble-mound
structures provide substrate for the establishment of artifi-
cial reef comymunities. As such, jetties and breakwaters
serve as a focal poimt for congregations of fishes and
shellfishes which feed on sources of food or find shelter
there. Many large predator species are among those
attracted to the structures in numbers, as evidenced by the
popularity of jettdes and breakwaters as sites of intense
sport fishing. Thus, there is concern, apain largely associ-
ated with projects in the Pacific Northwest, that high
densities of predators in the vicinity of jetties and break-
waters pose a tweat to opg, tarval, and juvenile stages of
important species (Faurot et al. 1989). For exampie, fry
and smelt stages of several species of salmon ate known
to copgregate in small boat harbors prior 10 moving o the
sea. The concern raised is that these young fishes are
exposed to numerous predators during their residence near
the structures, As is the case with the concem for
jmpacts on - mipFating patterns, this concemn remains a
typothetical one, Conclusive evidence demonstrating the
presence or absence of a significant impact is unavailable
and will be exceedingty difficult to obtain.

g. Environmental suRimery.
¢1} Eavironmental design.

(a) Every smalt boat basin project scenario shouid
incorporate engineering desigi, economic cost-benefit, and
environmental impact evaluations from the inception of
plapning stages. All three elements are interrelated to
suck a degree that efficient project planning demands their
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integrarion. Envirommental considerations st not be ag
afterthought,  Strucrural design criteria should seek 10
minimize negative envirommental impacts and optimize
vield of suitable habitar for biological resources. Mini-
mizing impacts cant best be achieved by eritical compari-
gons of a range of project alternatives, melnding the
alternative of no construction. From an environmental
perspective, site selection is perhaps the single most
important decision in the planuing process. However,
various engineering design features can be incorporated ©
optimize an alternative from an ecological viewpoint. For
example, opting for a floating rather than fixed break-
water design might alleviate mosl concems related to
impacts on circulation, littoral transport, and the migration
of fishes, because passage is allowed beneath the struc-
wure. Floating breakwaters are also exceilent fish attrac-
tions and stll provide substrate for attachmest and shelter
for many oiher organisms.

(» In plaaming small boat harbors, configurations that
minimize flushing probiems should be examined. Rectan-
gular basins that maximize the area avaiiable for docks
and piers characteristically have poor water circulation,
partientarly in the angular corner areas. Designs with
rounded- corners and enmtrance channels located so that
flood tidal jets provide adequale mixing shroughout the
basin ave desirable. Selection of a Iess steep rubble-
mound side-slope angle will maximize the availability of
intertidal and subtidal habitat surface areas. The size
class of ‘stone used in armor layers of mebble-mound struc-
tures is another engineering design feature that has habitat
value conseguences. Selection of large-size material
results in a heteropencous array of interstitial spaces on
the finished structure. Heterogeneity rather than uniform-
ity enhances the guality of the structure in terms of refuge
and shelter sites for diverse assemblages of fishes and
shellfishes.

(23 Environmental assessment.

(2} Short-term impacts. Actual construction activities
for small boat basins entail a wumber of potential lmpacts
(Table 4-1). These impacts will vary in type and fre-
quency from project to project.  For example, emporary
or permanent access roads may have 10 be built to allow
mansporiation of heavy equipment and cONSTUCHON mater-
ials to the site. The access rovles may eross marshes,
creeks, and other water areas and have the potential for
ahering water circulation and displacing valuable wildlife
habitat,  Grading, excavating. backiilling, and dredging
operations will genevaie short-term episodes of noise and
air pollution and may Jocally disturh wildlife such as
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nesting or feeding shorebirds, Project aciivities should be
scheduled 10 minimize disturbances to waterfowl, spava-
ing fishes and shelifishes, and other biological resources
at the project site. Precautions should also be faken 1o
reduce the possibility of accidenial spills or leakages of
chemicals, fuels, or toxic substances during construction
and operation of a marina, Effort should be expended o
mimimize the production and release of high concentra-
dions of suspended sediments, especially where and when
sensitive binlogical resources such as corals OF sea grasses
cowid be exposed to turbidity plumes and increased silt-
ation rates. Dredging of a channet and basin in conjunc-
tion with a small boat harbor project presemts a need for
additional conmsideration of impacts i relation 10 sus-
pended sediments and dredged material disposal.

(b) Long-term impacts. Long-term impacts of small
hoat harbor construction are less definitive or predictable.
Ultimate npear-feld effects on lHtioral sediment Gansport
can De expected io become evident within several sea-
sonal cycles. These effects will vary according to a given
project’s environmental seiting ‘and specific engineering
design. For example, periodic maintenance dredging will
be required for catch basing adiacent to weir jetties and in
the harbers. The impact that constructing coastal stuc-
rwres will have on far-field shore processes is presently
understood oply qualitatively.

4-4. Non-Point Source Poliution {Commercial and
Recreational Traffic Effects)

g. Passage of commercial or recreational craft can
canse drawdown, trbulence, and waves. These distur-
bances can erode shorelines, resuspend alluvial sediments,
and scour shallow areas. Physical effects of iraffic are
unique in that although they may last only a few mimses,
they are often repeated many Hmes during a 24-hr pericd.
Concern has been expressed that the physical effects of
movement of commercial vessels could negatively affect
aquatic biota (Rasmussen 19§3; WNielsen, Sheehan, and
Opth 1986). Temporary periods of mrbulence or elevated
suspended sediments can stress of kill pelagic fish epgs
and larvae, bottom-dwelling invertebrates such as mussels,
agquatic insects, WOImS, and crustaceans. Characteristics
of large rivers, which include size, shape, bed and bank
material grain size, and ambient velocity and suspended
sediment concentrations, influence the natwe and magii-
tade of traffic effects. Shallow, namrow, sinnous water-
ways will be more susceptible o physical forces than
large wawerways. Sediment is more Hkely to be resus-
pended from allovial substrates than from cobble or bed-
rock. Sediment resuspension due to commercial waftic is
usually most noticeable during low flow since the vessels
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are physically closer to the sediment. During higher flow,
sediment resuspension due to uaffic usually cannot be
detected since the vessels are further away from the bot-
torm and have jess influence.

b, Chemical changes resulting in vessel passage are
vsually minor, Shifts in oxygen femsion in the wawmy
colrmo have been associated with tow-induced increases
in suspended sediment (Lublnski et at. 1981). Ina study
by Environmental Science and Engineering (1981) it was
conciuded that the effects of tow passage on dissolved
oxygen. specific conductance, pH, water temperainre, and
ransmissivity adjacent to the navigation chamnel were
nearly andefectable.

4-5. Point Source Poliution

q. General, Point sources of pollation in small boat
hasins can have an adverse effect on water quality in the
basin and adjacent areas. These point sources of pollution
may include dredging apd disposal operations during
harbor construction and maintenance. After consiruction
is complete and the boat basin is in operation, point sour-
ces of pollution include storm and sanitary sewer utitities
provided with the marina facilities, surface ronoff, inade-
quate control of bilges, fueling facilities, and the damping
of garbage and trash in the harbor waters,

b. Dredging and dredged material disposal consider-
ations.  Nearly all harbor development projects will
require some dredging operations, Factors mfluencing the
amonnt of material that st be dredged are water depth,
tidal range, size of vessels 10 be accommoedated, distance
to main navigation chammels, and sittation sates. The
environmental impacts associated with dredging are site~
specific. Negative environmental impacts associated with
dredge and  disposal operations  include  short-ferm
increases in turbidity, temporary reductions in oxygen
content, burial of orpanisms, disruption of existing benthic
comumties, creation of stagnant water conditons, and
resuspension of pollutanis (Chimra and Ross 1978).

(1) During the design phase of the project, the envi-
conmental effects associsted with dredping and dredged
material disposal must be considered. Dvedging and
disposal shouid be accomplished using the most techni-
cally  satisfactory, environmentally compatible, and
economically feasible dredging and dredped material
disposal procedures. The following activities are required
o evaluate the environmental impacts of dredging and
dredged material disposal in the design phase of the
project.
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Step

Informanon Source

(1 Analyze dredging location and quantities 1o be dradged.

{2y Detenmnine the physical and chemical characteristics of
the sediments.

{3} Determine whether or not there will be dredging of
contaminated sediments.

{43 Evalvaie disposal alternatives.
(5) Select the proper dredge plant for a given project.

(6} Determine the levels of suspended solids from
dredging and disposal operations.

(1) Control the dredging operation {0 ensure
environmental protection.

(%) Tdentify pertinent social, envivonmental, and
ipstitutional factors.

(%7 Evaluate dredging and disposal impacts.

(2) Limdations may be placed oa dredging equipment
1o minimize the environmental impact of the dredging angd
disposal operation, I upland coniainment areas are small,
the size of the dredge should be restricted to minimize
stress on comtainment area dikes and provide adequate
retention Hime for sedimentasion to prevent excessive
suspended solids in the weir affluent. Diredged mawrial
disposal may also be accomplished through opsp-water
disposal and habitat development. The determination of a
disposal alternative is very inmportant in determining the
environmental impact of dredging during maring constrac-
tion and maintenance. Each disposal alterpative involves
s own set of upigue considerations, and selection of a
disposal alternative shouid be ynade based on both eco-
pomic and enviroamental considerations. Detailed goid-
ance for the selection of 2 disposal alternative & given i
EM 1110-2-1202 and EM 1130-2-5025.

¢33 The environmental effects commonty associated
with dredging operations are mcreases in turbidity, resus-
pension of contaminated sediments, and decregses in DO
levels. Research results indicate that the traditional fears
of water quality degradation resuiting from the resuspen-
sion of sediments during dredging are for the most part
anfounded. More detaited information on the impacis of
depressed DO levels is gpiven in EM 1110-2-1202 and
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Hydrographic surveys, project maps

Palermo, Montgomery, and Poindexter (1978}

Rrannon {1978}

BM 1110-2-3025
EM 1110-2-5025

Barnard {1978}

Barnard {(1978)

EM 1110-2-1202

Wright (1978}
Hirsch, DeSalvo, and Peddicord (1978)

EM 1110-2-5025. Regardless of the type of dredging
used, ihere are cerfain enmvironments {e.g.. spawning
erounds, breading areas, oyster and clam reefs, areas with
poor circulation) and organisms {e.g., corl, sea grasses,
benthos) that may be extremely sensitive 10 high levels of
trbidity audfor burial by dredged material, It is, there-
fore, necessary to evaluate the potential impact of gach
proposed operation on a site-specific basis, taking inte
consideration the character of the dredged material, the
type and size of dredge and its mode of operation, the
mode of dredged material disposal, and the nature of the
dredging and disposal environment. The seasonal cycles
of biological activity shouvid also be considered,  Tech-
pigues to minimize eavironmental impacts must be
emploved during dredging activities. Sources of guidance
on dredging activities are listed below.

Activity Information Source

EM 1110-2-5025

EM 1110-2-5023
Rarnard {1978)

Barnard (1978)
Bamand (1978)

Selecting dredge

Improving operational
echnigues

Properly using siit curtains

Selecting appropriate pipeline
discharge configurations
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(4 Most of the pegative aspects of dredging opera-
tions can be eliminated or minimized, Dredging can be
used to enhance the environmental guality of a water
body in some cases by increasing flushing rates. Harbor
tasin design features that promowe fiushing are basin
depths that are npot deeper (has connecting waters and
graduatly increase toward open watef, basins with few
vertical walls and gently rounded comers, and even bat-
tom comtours with no pockets or depressions (L sl
Mearinas  Assessment  Handbook (USEPA  1985)).
Increased turbidity and burial of organisms by siliation
can be minimized by the proper use of hydranlic cuger-
head dredges, filiers, and silt screens a8 opposed to
unscreened mechanical dredging. The work should be
seasonabiy timed so as 1o have the least impact on certain
life stages of the surrouading biota such as fish larvae or
oyster spat. The duration and areal extent of these
irapacts are a direct function of material particle size and
the flushing rate (Burage 1988). Dredged channels
should follow the course of existing channels, and slips
for boars with deep drafis should be buile ia natrally
deep water. In all cases, the harbor should not alter ndal
ciroylation patterns, salinity regimes, of change melated
putrient, aquatic life, and vegetative disribution patterns
(National Marine Fisheries Service 19833, Dredged mate-
rial should be viewsd as a potentially. reusable resource,
and should include provisions for access W such
resources, Permanent, upland disposal sites should be
sought in preference (© wetland disposal. Areas confain-
ing submerged vegetation and regularly flood-emergent
vegetation should not be used.

¢. Other point source discharges.

(1) Other direct sources of poliution in a small boat
basin may occur during maring coustruction where nataral
vagelalive cover is nsuatly replaced with impermeable
surfaces such as parking lots and buildings. These areas
reduce the area available for storm-water percolation and
increased storm-water runoff and pollutants.  These pol-
lestanis associated with storm-water munol may nclude
sediments, pesticides, oil and road dirt, heavy metals, and
mutsients, An immediate effect of runoff may be a tempo-
rary reduction in DO in the water. Lower DO concentra-
tions can be lethal for most marine species. Boat basing
may have low DO concentrations because of reduced
water exchange rates angd therefore, may be more susCep-
tibie to deoxygenating pollutants. Although heavy metals
such as zinc, mercury, lead, and cadminm in their pure
state usually are not particularly hazardous to marine Lfe,
these meials become gquite toxic when combined with
organic poliutants.
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7} Pesticides and herbicides used at marinas and their
associated developments may also be washed into marina
waters by ranoff. These pollutants are not only harmful
o marine life, but may also be accumulated by fish and
shellfish and then consumed by humans. Also, petrolenm
products resulting from foel spills, parking loss, and bilge
draiping may be toxic to marine life. Other potentially
harmful runoff products include sediments, detergents, and
excessive nutrients. These pollutants can rasult in reduced
DO levels, can stimulate algal blooms and the growth of
nuisance plants, and can eventuaily change the texture of
bottom  substrates and produce a zome of reduced
productivity.

(3} Sanitary pollutants can enter maripa waters directly
discharged as untreated of macerated fecal waste from
marine sanitation devices (MSDs) aboard boats or from
improperly functioning of poorly located septic systems
that allow sewage eftluents to leach imto marina waters.
The most serious effect of discharging sanitary waste may
pe the powntial for introducing disease-causing viruses
and bacteria. This problem may occur if boat sewage is
released in the vicinity of shellfish (clam or oyster} beds,

{4) Ezpected polintant concentrations in marina basins
and adjacent waters can be estimated by evaluating the
type and quantity of poliurant joadings expected and the
dilution and transfer of such pollutants by various flushing
mechanisms, Various methods to assess the wamer quality
tmpacts of marina-derived pollutants on the environmeit
are discussed in detail in the Coastal Marinas Assessiment
Handbook (USEPA 1983).

4. Water quality mitigative measires.

(1) Water exchange does not abways ensure good quai-
ity. especially in the back basins of a wabkdbasin harbor,
Sanitary-sewer and industrial waste discharges into harbor
waters can be and must be eliminated in harbor planning.
The flushing of sanitary facilities and dumping of potlu-
ants must be controlied by ordinance and by provision of
puntping stations and garbage and trash coliection services
a1 convenient locations. The disposal services should be
capable of handling heavy weekend or seasonal usage.
Trash containers should be convenient and secure 10 pre-
vent litter from falling or blowing into the water. Collec-
don faciliies for boar holding tank wastes should be
conveniemly available at existng fucling stations. The
production of boat sanitary wasies can be reduced by
providing convenient shoreside restroom facilities of ade-
guate size with hot showers and wash basins, Well-
maintained restrooms wilt reduce boat toilet use. Other
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measures [0 prevent sanitary waste discharges into marina
waters are to require all boats with MSI¥s to be connected
1o a sanitary waste collection sysiem when moored,
sealing boat discharge outlets when they enter the marina,
and banning Hve-aboards or requiring that these boats be
permanently comnecled o a shoreside samifary waste
colection system.

(2} A storm-water management plaa that diveris storm
waler away from the barbor is required to maintain water
quality within the marina. ¥ local suwrface water capnuot
e diverted from the harbor, extra care should be taken 10
keep harbor surests, pasking lots, and other mmargical sar-
faces reasonably clean. Also, fertilized landscapes should
be prevented from overflowing when watered.

(3y Careful atiention to boat mainienance and repalr
activities is also essential (o rmaintaining harbor water
guality. Paint spraying, sandblasting, engine repairs, boat
washing, and similar maintesance acrivities should not
take place in the harbor or near ramps or railways. These
activities should preferably be performed on shore, either
indoors or behind canvas screens. Alse, the use of nof-
phosphate detergents ¢an greatly rednce the amouni of
mutrients entefing MAring wWatess.

4-6, Aguatic Plant Control

o Submersed aguatic plants can interfere with recre-
ations, water supply. and navigation in small boat basins.
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Although moderate densities of vegpetation improve habitat
for fishes and waterfowl, nuisance jevels usually have to
be removed with an appropriate comtrol measuze. The
following pertzing to two methods of conpolling sub-
mersed vegetation al small boat basins: mechanical har-
vesting and biclogical methods.

b, Mechanical harvesting of aquatic plants should e
considered when areas are small, or when biological tech-
mgues are not appropiiate. A mechanical harvester
moves throngh the water, and cuts and processes the
plants, whick can be placed back in the waier or loaded
on a barge and shipped 1o shore for disposal. A computer
model that simulates mechanical harvesting has been
prepared that provides guidance on the effectiveness of
varions harvesting methods and the amount of time
required for various harvesting strategies (Sabol 1983).

c. The white amur or grass carp {(Crenopharyngodon
idelln) has been wsed to confrol certain species of aguatic
plants in lakes and ponds (Miller and Decell 1984, Miller
and King 1984). Nonreproductive straing of the fish can
be purchased and easily ransporied by truck. The fish do
ot compete with native fish for food or reproductive sites
and are used successfully as control agemts. These fish
shoukd only be used in small bodies of water where there
are dense localized stands of submersed aguatic plants.
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Appendix B
Statutes and Regulations

8-1. Statutes and Regulations

Compliance with Federal statwes. executive guidelines,
and Corps regulations often requires studies of existing
environmental condifions and projections of conditions
likely to occur in the future with and withont various
activities. Major environmertal statuies and regulations
that are currenily applicable to Corps small boat harbors
navigation projecls ae sted in Appendix A Five
statutes that have a major impact on the planning and
operation of small boat harbors are! The MNatonal Envi-
rommental Policy Act; The Clean Water Agct; The Marine
Protection, Research, and Sanctuaries Act; The Coastal
Zone Management Act and Estary Proteciion Act; and
The Marine Mammal Protection Act.

.  National Envirommental Policy Act (NEPA).
NEPA is the Federal statute that established natiopal
policy for the protection of the environment and set goals
10 be achieved along with the means fo carry ouwl these
goals. The NEPA requires preparation of an eavirogmen-
tal impact statement (EIS) for certain Federal actions
affecting the quality of the human environmeni. The
Corps normally prepares an EIS for legislaiion, feasibility
feports, operatons and maintenance activities, regulatory
permits, and real estate management and disposal actions.
Environmental assessments are prepared for all other
Corps actions that may not have a significant impact on
the environment except for certain minor actions that are
categorically excluded from NEPA review. Emergency
activities do not require the preparation of an EIS {refer to
ER 200-2-2 for more desailed guidance).

b, Clean Water Act. Section 404 of the Clean Water
Act govems the discharge of dredged or fill material into
U.S, waters. The Corps regulates these activities by
granting Federal permits, and is itself regulated by Sec-
tion 404 through provisions for coordination  with the
states and the U.S. Environmental Protection Agency
(EPAY. Evaluation of the effects of dredged or fill mater-
ial discharges must be done in accordance with EPA
guidelines (40 CFR 230).
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o, Marine Protection, Research and Sauctuaries Act -
Seetion 103, Section 103 of the Marne Protection,
Research, and Sanctuaries Act muthorizes the Corps {0
igsue permits for the transportation of dredged material for
dumping in oceéan waters, Fvaluation must be done in
accordance with EPA criteria found in 40 CFR 220. Note
that in relation to Sections 404 and 103, Corps Regutation
209.145 zalso apphies.

4. Coasial Zone Managemens Act and Esmary Pro-
tection Act. The Coastal Zone Management Act promotes
coordination in the management, beneficial use, proee-
fon, and development of the c¢pastal zoneg
{16 USC 1451-1464; PL 92583 as amended). Develop-
ment, management, aind profection are undertaken through
long-term plans implemented by the states and local coas-
tal zone management programs. The Estuary Protection
Act is specifically for protection, conservation, and resio-
pation of resouwrces in  estoaries {16 LISC 1221-1226;
PL 90-4543. Information from state coastal management
programs and local planning agencies can assist in deter-
mining what environmental resources gxist in the project
area and potential impacts of Repair, Bvatuation, Mainte-
pance, and Rehabilitarion Research Program activities on
the coastal zone and estuaries. Compliance with the
Hstuary Protection Act requires that smdies funded by
Congress, e.g., Corps planning or construction projects,
consider the effect of the project on estuaries and their
resources. The Secretary of the Interior. through the Fish
and Wildlife Service (FWS), reviews plans and makes
recommendations. This review is incorporased into autho-
rization reports o Congress,

e,  Marine Mammal Prowetion Ac. The Marine
Mammal Protection Act was enucted to protect dirninish-
ing populations of certain species of marine mammals
(16 USC 1361-1407; PL 92-522 as amended). The Act
eerablishes the Marine Mammal Comumnission 0 Oversee
profeciion activities. The FWS and NMFS administer the
Act (16 1ISC 1379), but primary administrative responsi-
bilities are delegated fo states with marine manraal con-
servation and protection programs.







