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Abstract

There are a number of potential environmental concerns associated with
net-pen culture in coastal waters. This report summarizes the data on these effects,
places the data in the context of the northern Gulf of Mexico environment and sug
gests proposed siting guidelines to minimize adverse environmental effects. A copy
of draft Mississippi regulations for net-pen culture is included.

There are five major areas of potential environmental concern: water quality
alterations and their consequences, sedimentation and benthic effects, chemical
usage, disease transmission, and escaped fish (exotic species, genetic impacts).
There are also site-specific concerns regarding protected species, habitats of special
concern, or important marine/coastal resources. These guidelines are intended to aid
permitting agencies in reviewing open-water aquaculture permit applications and to
assist the industry in selecting appropriate culture sites.

Introduction

The apparent profitability of commercial net-pen aquaculture in higher lati
tudes has created a growing interest in the establishment of such facilities in Gulf of
Mexico waters. The rapid growth of commercial net-pen aquaculture in other regions
has also brought attention to the potential environmental effects of such activities.
Regulatory agencies in other areas have studied these effects and developed siting,
operations and monitoring guidelines to detect and limit the potential negative
environmental effects of net-pen aquaculture (Weston, 1986a, 1991; Washington
Department of Ecology, 1990). Because most of the potential environmental effects
of net-pen culture are independent of species cultured (Weston, 1991), existing
information can be used to assess impacts and suggest a rational framework for
evaluating net-pen aquaculture in the northern Gulf of Mexico. Such information also
identifies site-selection criteria for successful operations.

Potential Environmental Effects

Water Quality. Current velocities inside net-pens can be reduced to 35 to
80 percent of outside velocity (Weston, 1986a). Stocking density, mesh size, pen
volume, fouling and other variables can dramatically decrease water flow. Because
reduced water flows affect dissolved oxygen and waste transport, this has important
implications for farm size, orientation and location.

There have been no measurements of the effects of net-pens on water
circulation. Weston (1986a) estimated net-pens will reduce current velocities to 95
percent of free stream values for a distance about equal to one structure diameter
upstream, two structure diameters to either side and 20 structure diameters
downstream. These reductions of current velocity in the vicinity of the aquaculture
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structures will cause increased sediment deposition. Decreased clearance between
net-pens and the sea bed has been related to increased sedimentation (Washington
Department of Fisheries, 1990; Weston, 1986a).

Waste loadings from net-pen culture are poorly understood and are
extremely variable depending on feed regimen, fish size, temperature and other
variables. Based on net-pen salmon culture, useful approximations of combined
dissolved and solid waste loads, as g/kg fish/day are: ammonia, 0.3; nitrate, 0.1;
organic nitrogen, 0.04; total nitrogen, 0.6; phosphate, 0.1; total phosphorus, 0.1;
BOD, 3.0 (Weston, 1986a). Most of the nitrogenous waste will be released in
dissolved form (Weston, 1991). Most of the BOD is associated with particulate
material.

Unutilized feed and the metabolic products of food breakdown are the
dissolved waste inputs (Weston, 1986a, 1991; Weston and Gowan, 1988). Ammonia
is the principal nitrogenous waste, present primarily as dissolved nitrate and nitrite
(Gowan and Bradbury, 1987). Localized increases in nutrient concentrations have
been reported near net-pens (Nishimura, 1982 [cited in Weston, 1986a]). Because
dilution is generally very rapid (on a scale of meters and hours), nutrient increases
are spatially and temporally very limited, and net-pen aquaculture will not create
conditions favorable for blooms of toxic phytoplankton.

The dissolved oxygen content of water near net-pen operations is reduced
by respiration of fish (and fouling organisms) and by the biochemical oxygen de
mand of the waste feed, feces and urine. Field investigations around net-pens in
warm waters have reported decreases in dissolved oxygen, up to 0.2 to 2.5 mg 0,/l
less than ambient in one extreme case (Weston, 1986a). Oxygen consumption rates
may reach 40 kg Oj/1000 kg fish/d for larger fish in warm (30 °C) water (Colt and
Tchobanoglous, 1981). Because of the low solubility of oxygen in seawater at high
temperatures, dissolved oxygen consumption may effectively limit the size of net-pen
operations in the coastal waters of the northern Gulf of Mexico.

Benthic Effects. Excess feed, fecal material and debris from structures are
the main solid wastes associated with offshore aquaculture. Estimates of waste feed
(dry pellets) for experienced net-pen operations are about five percent (Maine
Department of Marine Resources, 1991; Weston, 1986a). About one-third of
ingested feed ingested is also assumed to be lost as feces (Fox, 1988; Gowen and
Bradbury, 1987; Weston, 1986a). Assuming these losses and a feed conversion
ratio of 2:1, the production of 1 kg of fish will result in an estimated production of 0.7
kg (dry weight) of solid waste.

Dispersion of waste particles increases with increasing depth and current
velocity and with decreasing sinking speeds (Weston and Gowan, 1988; Fox, 1988).
Sedimentation rates beneath net-pens have been found to be 2 to 10 times greater
than in reference areas (Pease, 1977; Weston and Gowan, 1988). Because depth,
current velocity and fish production level all affect rates of sediment deposition
(Gowen and Bradbury, 1987; Washington Department of Fisheries, 1990; Weston,
1986a, 1986b, 1991), minimum depth and current requirements have been
established in every area where net-pens operate (e.g. Caine [no date]; Doggett,
1990; New Brunswick Department of Aquaculture and Fisheries [no date];
Washington Department of Fisheries, 1990; and references in Weston, 1986a,
1986b).
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Based on models of sediment deposition (Fox, 1988; Gowen et al., 1988;
Weston and Gowan, 1968), much of the fecal matter, waste feed and debris will
settle in the immediate vicinity of the net-pens under hydrological conditions typical
of the northern Gulf of Mexico. The area receiving solid wastes from fish culture net-
pens is relatively small, within 30 m of the culture facility (Weston, 1986b), while
significant changes in sediment chemistry have generally been within 15 m
(Pamatmat et al., 1973; Weston, 1986b, 1991).

The re-mineralization of carbon and nitrogen from uneaten feed and from
feces consumes substantial amounts of oxygen and produces major changes in
sediment geochemistry, including the production of toxic hydrogen sulfide (Weston,
1986a, 1991). In general, only about 20 percent of the carbon supplied to the farmed
fish in feed is removed with the harvest; the 80 percent remaining is lost (Hall et al.,
1990). The biochemical oxygen demand (BOD) of fish wastes on bottom waters may
consume 1.5 to 3 times as much oxygen as respiration (Liao and Mayo, 1974).
Because stratification and hypoxia of bottom waters is a frequent occurrence during
the summer months in the northern Gulf of Mexico (Leming and Stuntz, 1984) this
added BOD demand may have severe environmental effects.

Azoic zones are found below most fish farms (Gowan and Bradbury, 1987;
Gowan et al., 1988; Weston, 1986a) and a benthic communities change along a
gradient of increasing organic enrichment towards the net-pen. The spatial extent of
changes In benthic communities is typically small, less than 30 m (Weston, 1991).
Recovery of affected benthic communities may take months or years (Gowan et al.,
1988; Weston, 1991) but sediment chemistry appears to recover to normal levels
relatively rapidly (Pamatmat et al., 1973; Dixon, 1986 [cited in Washington
Department of Fisheries, 1990]). Where water quality is maintained, fish and mobile
macrofauna are frequently attracted to aquaculture sites (Weston, 1986a), even to
those where azoic zones have been created.

Chemical Usage. Chemicals used for fouling control and treatment of
diseases pose a threat to the marine environment only when their potential for
environmental damage is not fully known or the substances are misused. Anti-
foulants approved for use in marine waters are acceptable. Of the three feed
additive antibiotics and one topical treatment licensed by the Food and Drug
Administration for food fish culture in the United States, none has been approved for
use in either redfish or hybrid striped bass culture. Oxytetracycline (OTC), an
antibiotic, and formalin will probably gain approval for use in striped bass/hybrid cul
ture. Neither poses a significant environmental threat.

Formalin is applied as a bath to fish held in tanks for treatment (Federal
Register, 1986), so there will be no environmental effect as long as the treatment
waste is disposed of in an approved manner. Concern has been expressed about
OTC release into the marine environment. Despite extensive use of OTC in
treatment of fish diseases, there has been no demonstration of significant envi
ronmental effects (Weston, 1986a, 1991). There is no indication that application of
OTC or other FDA-approved antibiotics, following established FDA and industry
guidelines, would have significant environmental or human health effects. Weston
(1986a, 1991) and Washington Department of Fisheries (1990) provide thorough
reviews of the research supporting this conclusion.

Interactions with Resident Species. The escape of cultured fish from
offshore net-pen operations is inevitable, giving rise to concerns about detrimental
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impacts on local fish populations (Maine Department of Marine Resources, 1991;
Washington Department of Ecology, 1989; Washington Department of Fisheries,
1990). Because net-pen culture in northern Gulf waters will be limited to species
already present and whose populations are augmented by hatchery stock (e.g.,
redfish, striped bass or hybrid striped bass), no genetic threat from escaped fish is
evident, nor is there a threat of introducing non-native species and associated
pathogens. Purposeful introductions of non-native marine species are controlled
under state aquaculture regulations.

Concern has been expressed that cultured fish could act as reservoirs of
disease, infecting wild fish populations. Despite the proliferation of cage culture
worldwide, such an occurrence has never been documented (Washington
Department of Fisheries, 1990; Weston, 1991).

Existing regulations provide adequate protection to the 33 species of
cetaceans and five sea turtle species reported from the Gulf of Mexico (Minerals
Management Service, 1991). Two turtle species nest on northern Gulf beaches.
Because lights on offshore structures may affect nesting, hatchling behavior and
survival, best management practices suggest conservative minimum separation
distances to minimize interactions, even if there is no evidence to support or allay
these concerns.

Piscivorous bird species that may be attracted to net-pens are abundant in
the northern Gulf (Minerals Management Service, 1991). Bird predation on cultured
fish stocks, especially juveniles, is of concern to aquaculturists while the effects of
predator control measures on protected bird species are of concern to regulatory
agencies. Control of bird predation must follow established federal guidelines for
such activities and proposed control plans should be coordinated with the
responsible state and federal agencies. Best management practices suggest
conservative minimum separation distances to minimize interactions and use of non-
lethal predator control measures.

Summary of Environmental Effects

The major potential impacts of offshore aquaculture and actions to quantify,
regulate and minimize these impacts have been identified in a variety of state and
national studies. There are three important conclusions. First, matching production
levels with minimum depth and current speed is essential. Second, adequate
separation distances is essential to ensure protection of sensitive resources. Third,
environmental effects of net-pen culture are relatively limited in area and are
reversible. The main environmental effects are:

Current velocity is reduced both within and outside net-pens. This limits inflows
of oxygenated water and outflow of waste-bearing water and promotes
sedimentation. Selecting sites with sufficient currents is essential.

Solid wastes from net-pen aquaculture will settle to the bottom immediately
beneath and a short distance (tens of meters) away from the site. Selecting
sites deep enough and with sufficient currents to disperse these wastes will
minimize the impact.
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The effect of aquaculture operations on water movement and water quality are
not detectable within tens of meters of the culture site.

Effects on sediment chemistry and the benthic community immediately beneath
and within a few meters of the site can be catastrophic. Areal extent of these
effects is limited to a short distance (tens of meters) away from the site.
Biological recovery occurs on the scale of months to years, and sediment
chemistry returns to ambient in weeks to months after operations cease.

Fish culture in warm water can place heavy demands on available dissolved
oxygen levels. Selecting sites deep enough and with adequate current speeds
to allow for adequate dispersion of wastes, setting appropriate limitson total fish
production, and following low-waste feeding practices will minimize adverse
impacts. Stratified and hypoxic water bodies should be avoided.

There is no good evidence that net-pens have an adverse impact on fish and
other nektonic species, transmit diseases to wild fish, stimulate blooms of toxic
algae, contaminate resident fauna with antibiotics, or contribute to the
development of antibiotic-resistant microbial populations threatening to human
health.

Impacts on important marine habitats, protected species, fisheries resources
and public lands can be severe. Impacts of net-pen aquaculture on protected
birds and on marine turtle nesting success, hatchling movement and hatchling
survival are not known. Setting appropriate separation distances and selecting
sites away from such areas will minimize impacts.

Control of avian predators must conform to federal guidelines, and control plans
should be developed and coordinated with the responsible agencies.

Siting Guidelines

Operation Size. Because the rate of accumulation of feed, feces and
organic debris under net-pens are related to farm size, regulatoryprograms to detect
and control potentially deleterious environmental effects should be linked to the size
of the operation. The recommended degree of monitoring required increases with
farm size. There are two established methods of classifying net-pen operations by
size: by production level (Weston, 1986a) and by annual feed consumption (British
Columbia Ministry of Environment, 1988).

Depth and Current Speed. Site current and depth characteristics are
matched with production level or feed usage rates to determine the extent of
environmental impact. However, because of the relatively shallow depths, low
current speeds and seasonal stratification/hypoxia in northern Gulf coastal waters, it
may be more appropriate to evaluate permits on a site-specific basis. This will
require a survey of pre-operations site conditions and estimates of potential waste
loads, DO and BOD demands, sedimentation and nutrient inputs based on net-pen
design, array, loading and feed use.
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Regardless of size, minimum recommended water depth beneath the net-
pens should be established to ensure adequate dispersion of wastes, using
approaches developed for other regions (e.g., Doggett, 1990; Washington
Department of Fisheries, 1990). Net-pens should not be located in areas subject to
vertical stratification of the water, where bottom waters are prone to reduced
dissolved oxygen conditions. Because decomposition of organic material in stratified
water is the primary cause of oxygen depletion (Boesch, 1983), solid waste inputs
will compound near bottom dissolved oxygen problems.

Spacing. Because of the hydrodynamic effects of the net-pens on currents,
spacing between net-pens should be at least two structure diameters and rows
should be at least 20 structure diameters apart. Based on experiences in other
states (e.g., Maine Department of Marine Resources, 1991; New Brunswick Depart
ment of Aquaculture and Fisheries [no date]; Washington Department of Fisheries,
1990) distances between farms should be no closer than 600 m (2,000 ft.).

Habitats of Special Significance. Selecting sites away from important fishing
grounds, sensitive or important habitats and public lands such as parks, wilderness
areas, beaches and similar areas minimizes the impact of net-pen aquaculture.
Because the environmental effects of net-pen aquaculture are spatially very limited,
only minimumseparation distances would be required to avoid impacts on seagrass
beds, oyster reefs, artificial reefs, spawning areas and other fishery resources.
Minimum separation distances should consider both existing bird concentration
points and their anticipated foraging behavior. The resources to be protected and
separation distances will have to be determined case by case by responsible federal
and state agencies. Permits must identify that separation distances may be
increased to reduce any potential impacts on these habitats.

Navigation channels, fairways, open water disposal areas and other sites
permitted for specified uses are not suitable for siting aquaculture operations.
Separation distances should be reviewed and established case by case by the
appropriate state and federal agencies.

While these guidelines do not specifically address aesthetics issues, these
considerations will be taken into account in reviewing permits. Specifically, the pres
ence of wilderness areas, marine sanctuaries, recreational areas and national
seashores in the northern Gulf of Mexico will affect the siting, operations and
monitoring requirements for aquaculture operations. No attempt has been made in
this report to address other important concerns such as conflicts with other users,
social impacts and related issues.

Draft Mississippi Net-Pen Aquaculture Guidelines (March 23,1992)

Aquaculture Guidelines—General

The following general guidelines shall apply to all types of aquaculture activities in
the marine waters of the state of Mississippi.

All aquaculture operations shall provide the Bureau of Marine Resources with an
Environmental Assessment which describes the site characteristics and the potential
impacts associated with the project;
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Discharges into the surrounding waters of any waste materials associated with the
production ofcultured organisms, excluding excrement, shall be prohibited;

All aquaculture operations should avoid locating in close proximity to habitats of
special significance. Habitats of special significance include special habitats for
endangered and threatened species, public oyster reefs, seagrass beds, bird nesting
areas, and sea turtle nesting grounds. Net-pen aquaculture operations shall not be
located within one mile of the above referenced habitats. Molluscan shellfish
aquaculture operationsshall not be locatedwithin 1,500feet of the above referenced
habitats;

Care shall be taken to avoid locating aquaculture operations in close proximity to
federal navigation channels and dredged material disposal areas. Aquaculture opera
tions North of the baseline shall not be sited within two nautical miles of the center-
line of a federal navigation channel. Aquaculture operations South of the baseline
shall not be sited within one mile of a federal navigation channel nor shall they be
sited within, a U.S. Coast Guard safety fairway, an anchorage area, or within the
boundary of a dredged material disposal area unless specifically authorized by the
U. S. Army Corps of Engineers;

Only non-lethal methods of predator control shall be allowed. Apredator control plan
for each aquaculture operation must be submitted to the Bureau of Marine
Resourcesprior to the issuance ofa permit;

Aquaculture operations shall not be located within 1,500 feet of any pipeline orsub
merged cable;

All aquaculture operations must be properly marked in accordance with U.S. Coast
Guard regulations;

All aquaculture operations are encouraged to minimize impacts to the natural scenic
qualities of the coastal wetlands.

Specific Guidelines—Fin Fish Aquaculture

Net-pen systems shall be located in waters of sufficient depth. A minimum
clearance of 10 feet below the bottom of the net-pen system shall be
maintained at all times. The distance shall be measured at MLW. If monitoring
indicates a serious problem with water quality or other environmental conditions
at thesite, the operation must be adjusted to reduce impacts. Adjustments shall
include but not necessarily be limited to modifying the feeding rate or feeding
schedule, reducing the amount of fish in the net-pen system, or increasing the
clearance under the nets to allow for increased water circulation;

Net pen aquaculture operations shall not be located within two miles of the
shoreline of the offshore islands. The offshore islands include Petit Bois, Horn
East Ship, West Ship and Cat Islands.
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Aquaculture Monitoring Program

Pre-Operatlonal Environmental Survey

All aquaculture operations shall perform a Pre-Operational Environmental
Survey (POES) three months prior to operation and submit the data and findings in
a compiled report to the BMR. The POES is intended to characterize bottom
conditions at the site prior to the commencement of the aquaculture operation. The
POES shall include the following parameters:

Bathymetric Data. A bathymetric survey using a continuous recording depth
recorder shall be performed at the aquaculture site. The site should be divided into
transects 500 feet apart throughout the site. The transects shall be oriented in both
north/south and east/west directions.

Biological Data. Bottomgrab samples for benthic analysis shall be collected
at intervals of 250 feet along the transects established for the bathymetric survey. A
minimum of twenty sampling sites shall be established and a minimum of three
replicate samples shall be collected at each sampling station for a large production
level aquaculture operation. A maximum of twenty sampling sites shall be
established and a minimum of three replicate samples shall be collected at each
sampling station for a small production levelaquaculture operation. Samples shall be
sieved through a 1.0 mm sieve and preserved for future analysis.

Bottom Characteristics. Bottom core samples for sediment and chemical
analysis shall be collected at intervals of 250 feet along the transects established for
the bathymetric survey. A minimum of twenty sampling sites shall be established
and a minimum of three replicate samples shall be collected at each sampling
station for a large production level aquaculture operation. A maximum of twenty
sampling sites shall be established and a minimum of three replicate samples shall
be collected at each sampling station for a small production level aquaculture
operation. Samples shall be analyzed for grain size, Total Nitrogen and Chemical
Oxygen Demand.

Operational Monitoring Program

A Marine Environmental Monitoring Program (MEMP) shall be implemented
once the aquaculture operation is initiated and the data and findings shall be
submitted in a compiled report to the BMR. The MEMP is intended to monitor
potential changes in water and sediment quality resulting from the aquaculture
operation. Secondly, it provides data with which to review the current environmental
requirements for possible future modifications. As additional data are obtained on the
environmental effects of aquaculture operations, the annual monitoring protocol may
be substantially revised. It is also possible that monitoring at some culture sites may
be curtailed or eliminated entirely if little or no measurable effect on environmental
quality is found. The determination to curtail or eliminate monitoring at any site will
be made after the BMR reviews the survey results.

The MEMP consists of four principal elements: 1) hydrographic survey, 2)
sediment chemistry, 3) water quality, and 4) benthic survey. The frequency and
duration of the monitoring will depend on the type and size of the aquaculture
operation. A summary of the parameters to be monitored and the frequency is

740



shown in Exhibit 1 of this document. The sampling regime, including the depths of
the water samples, types of grab samplers employed, and the data analysis
procedures, will be determined according to the size and type of aquaculture
operation.
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Table1.Marineaquacultureenvironmentalmonitoringprogram.DO,dissolvedoxygen;COD,chemicaloxygendemand,
TN,totalnitrogen.

CULTURESYSTEMSIZE

Net-PenCulture

SmallProductionLevel1

LargeProductionLevel'

MONITORINGPARAMETERSDURINGMARINECULTURE
BOTTOM

CurrentTurbidityDOSalinity
Direction;

speed
SeeekidiskAerialphotos

continuousdailysemi-annuallydailydaily

continuousdailyquarterlydailydaily

'Maximumof20samplingsiteswiththreereplicatesiteachsite.
'135tonsorlessofreedpernet-peasystemperyear.
'Greaterthan13Stonesoffeedpernet-peasystemperyear.
'Minimumof20samplingsiteswiththreereplicatesateachsite.

CODmBenthic

Sample

annually'annually1anually1

quarterly4quarterly4quarterly4

Figure1.Marineaquacultureenvironmentalmonitoringprogram.DO.dissolvedoxygen;COD,chemicaloxygendemand.TN,totalnitrogen.



DEVELOPING TECHNICAL GUIDANCE FOR CONTROL
OF NON-POINT-SOURCE POLLUTION IN COASTAL WATERS1

Steven A. Dressing
U.S. Environmental Protection Agency

William B. O'Beirne

National Oceanic and Atmospheric Administration

George B. Townsend and Julie A. Wright
Tetra Tech Inc.

Introduction

The Coastal Zone Act Reauthorization Amendments (CZARA) were passed
by Congress on Nov. 5, 1990. A major provision of CZARA, Section 6217, calls
upon coastal and Great Lakes states to develop enforceable programs to control
non-point-source pollution affecting coastal waters. The new coastal non-point-
source control programs are to be jointly approved by the National Oceanographic
and Atmospheric Administration (NOAA) and the U.S. Environmental Protection
Agency (EPA) and implemented through existing state Coastal Zone Management
Act (CZMA) programs and Clean Water Act (CWA) Section 319 non-point-source
programs. Section 6217(g) of CZARA requires that EPA, in consultation with NOAA,
the U.S. Fish and Wildlife Service and other federal agencies, develop technical
guidance specifying methods for controlling sources of NPS pollution in coastal
waters. These methods are to form the basis of state programs approved under
Section 6217.

The requirements of Section 6217(g) are enormous. EPA is required to
develop guidance identifying the best economically achievable methods to prevent
and treat non-point-source pollution from several different land-use categories in the
coastal zone, all within 18 months. These methods to control non-point-source
pollution in the coastal zone are called "management measures" under the statute
and include a minimum of six elements:

A description ofa range of methods, measures or practices, including structural
and nonstructural controls and operation and maintenance procedures, that
constitute each measure;

A description of the categoriesand subcategories of activities and locations for
which each measure may be suitable;

Identification of the individual pollutants or categories or classes of pollutants
that may be controlled by the measures and the water quality effects of the

. measures;

•The views presented in this paper represent the opinions of the authors and should not be
consideredas official EPAor NOAA policy.
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Quantitative estimates of the pollution-reduction effects and costs of the
measures;

A description of the factors that should be taken into account in adapting the
measures to specific sites or locations; and

Any necessary monitoring techniques to accompany the measures to assess
over time the success of the measures in reducing pollutant loads and
improving water quality.

These management measures are to be economically achievable, a term
that is not defined in the statute. The measures are to be analogous to the best
available technology developed in the early 1970s to control point-source
discharges. Under best available technology, source control rather than receiving
water quality is the objective. In other words, the emphasis is on preventing non-
point-source pollution to the extent that potential polluters can afford.

Objectives

The objectives of this paper are to describe the problems and issues
encountered in developing the management measures guidance required under
Section 6217(g) of CZARA and to summarize how the problems and issues were
addressed.

Issues and Problems

Several issues and problems arose in attempting to develop the guidance
required by this statute. EPA, working with NOAA, had to set some initial bounds on
the scope of the guidance.

Range of Measures. An initial task confronting EPA was determining the
range of measures needed to respond to the requirements of Section 6217(g). In his
testimony, Rep. Gary Studds (Studds, 1990) stated that EPA is expected to con
centrate on the large non-point sources that are "widely recognized as major
contributors of water pollution and on which there is broad consensus on the
appropriate management measures that must be developed and implemented." In
order to begin the process of selecting the necessary measures, therefore, EPA
needed to determine which non-point sources were the major contributors to coastal
water quality problems In the geographic areas of interest.

The geographic extent of coverage is clear: the management measures are
to be implemented throughout the coastal zone. The coastal zone, however, is to be
revised based upon recommendations made by NOAA and responses from the
states. The boundaries of the state coastal zones are to be reconsidered because

the original boundaries were not delineated for pollution control and so had little, if
any, relationship to boundaries that would be established for pollution control
purposes. For example, the entire state of Florida is currently in the coastal zone
under the CZMA, but only a narrow strip of California is in the zone.

Regardless of geographic coverage, the issue remained as to which
categories and subcategories of sources should be covered by the guidance; which
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are covered by existing programs such as EPA's NPDES program; and which
should not be covered because of their insignificance as non-point sources in the
coastal zone. Clearly, Congress directed EPA to address only those non-point
sources that pose significant risks to water quality in the coastal zone. Unfortunately,
definitive databases on the relative importance of various non-point sources in the
coastal zone were not available.

The information available, however, indicates that non-point-source pollution
is the greatest source of water quality problems in the nation's rivers and lakes and
a significant source of problems in estuaries, the Great Lakes and coastal waters
(U.S. EPA, 1992). Approximately three-quarters of the nation's estuarine waters
were assessed in 1990 for Section 305(b) of the CWA, and 44 percent of the area
assessed was impaired or threatened by point and non-point sources. The leading
non-point sources contributing to these impacts were urban runoff (including
construction) and agriculture. Hydromodification and silviculture were also locally
significant problems. The leading pollutants impacting estuaries were nutrients,
organic enrichment and pathogens. Information regarding major sources of problems
in coastal waters was not reliable due to the small number of states reporting such
data.

Despite the limitations of available data, EPA had to make decisions
regarding those land uses and activities that would be addressed under the program.
These decisions were largely based upon Section 305(b) data and other sources,
such as NOAA's estimates of point- and non-point-source loads to estuaries and
coastal waters (NOAA, 1989).

Given final resolution of geographic coverage and the sources within that
area considered to be major contributors of non-point-source pollution in coastal
waters, EPA still has to determine whether individuals and groups can afford to
implement the proposed measures. Thus, economic achievability analysis will drive
final decisions as to the range of management measures to be included in the
"Management Measures Guidance."

Data. A second major issue encountered was locating and analyzing the
data necessary to develop the guidance. Non-point-source pollution control technolo
gy was initially developed on a large scale under Section 208 of the CWA, but the
technology was not widely implemented. Some states implemented Section 208
plans, developing considerable experience and knowledge, but most states could not
afford to continue to fund 208 programs given other pressures and requirements.
EPA developed guidance in response to Section 208 but the guidance was never
updated. Thus, Section 208 did not become a major source of information regarding
the effectiveness of non-point-source pollution control technology.

Other state and local non-point-source programs have provided limited
information on the effectiveness of practices because of the general lack of
additional funds for monitoring. Similarly, research dollars for non-point-source
pollution control have always been limited, with the USDA appearing to take the lead
in non-point-source research through its ongoing agricultural research program.

A few isolated programs in the 1980s generated some information on non-
point-source pollution control effectiveness. For example, the Nationwide Urban Run
off Program developed a considerable database on urban sources and structural
controls and spawned a generation of expertise in urban non-point-source control
(U.S. EPA, 1983). The Model Implementation Program (North Carolina State
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University, 1985) and Rural Clean Water Program (U.S. EPA, 1990) provided some
data regarding the effectiveness of agricultural programs and controls. The Great
Lakes Section 108 program has also been a source of much non-point-source
information (Newell et al., 1986). The quantity of information generated through
these efforts regarding the costs, effectiveness and applicability of non-point-source
management measures, however, is less than what was needed to respond to the
requirements of Section 6217(g). EPA had to look to the published literature; federal,
state and local program literature; and even anecdotal information from recognized
experts to assemble a database of cost and effectiveness information for this new
program.

Selection of Best Available Technology. Using the data available, EPA then
had to determine how to evaluate the information for the purpose of determining the
best available technology for specific sources. This challenge was not simply one of
combining apples and oranges but of combining information that had been collected
and reported in different ways for a range of purposes. For example, literature useful
for best available technology selection includes practice evaluation information
reported in terms of percent load reduction vs. a control condition. The control
conditions for studies often vary, making it difficult to combine these studies. Other
literature may include only anecdotal information regarding the effectiveness of
measures, while some state and federal programs issue guidance on measures with
very little documentation to support the guidance.

Assuming that enough good data were available, the challenge still
remained to select the best available technology for each category and subcategory
of non-point sources. For example, to identify an urban stormwater control measure
that applies to the entire coastal zone of the nation requires a considerable quantity
of good data regarding the various options that could be used. The factors con
sidered include effectiveness in controlling a broad range of pollutants, site-specific
considerations to be made in implementing the measure across a broad range of
geographic and climatic conditions, and the costs associated with implementing the
measure across a wide range of technical and economic conditions. For some
sources (e.g., agriculture) the literature is relatively rich (not necessarily rich enough,
however), while for other sources (e.g., marinas) the literature is relatively poor for
most areas. Needless to say, the basis from which EPA was to make decisions
regarding best available technology was far from that which would be desirable.

Level of Specificity of Guidance. Another challenge in developing national
guidance for a site-specific problem is achieving the proper level of specification
while trying to stay within the constraints imposed by the statute and legislative
history. For example, the statute calls for specificity regarding the measures and
what will be gained from implementing them, yet the legislative history directs EPA
to "offer state officials a number of options and to permit them considerable flexibility
in selecting the management measures appropriate for their state" (Studds, 1990).
Rep. Studds also made it clear that the level of specificity for best available
technology in this guidance was not expected to be as great as that developed for
the effluent guidelines under the CWA.

Studds' testimony also gave examples of measures that might be
acceptable, including buffer strips, setbacks, erosion and sedimentation controls,
critical habitat identification techniques, and siting and design criteria for marinas.
Following this example, EPA could propose that conservation tillage be applied to all
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cropland in the coastal zone, yet it might be impractical to implement the measure
on crops such as cotton. On the other hand, EPA could require the implementation
of erosion control measures on all cropland, without specifying either a particular set
of acceptable practices or a performance goal. This type of measure would provide
the flexibility needed for national applicability but would be impossible to evaluate in
terms of pollution control gained or cost to Implement.

With respect to design specifications, EPA could propose the
implementation of a specific measure, such as stormwater detention basins that
handle 24-hour, 50-year storms, yet the practicality and cost of such a measure
would vary considerably across the nation. Alternately, without such design
specifications, EPA would have difficulty estimating the pollution control possible
through implementation of the measure.

Other challenges confronted EPA and NOAA in the development of
guidance for Section 6217, including the short time period within which the guidance
was to be developed. The remainder of this paper, however, will focus on a discus
sion of the approach taken to resolve the above four issues: range of measures,
data, selection of best available technology, and level of specificity for the guidance.

Approach

Work Groups. Confronted with the monstrous task of pulling together major
guidance within the congressionally mandated 18-month time frame, EPA developed
a work-group approach to bring in expertise and information not available at EPA.
The statute called for EPA to coordinate with NOAA, the Fish and Wildlife Service,
and other federal agencies with an interest or stake in the program, but EPA also
needed to use expertise and information available at the state level. Work groups
were established to provide additional state and federal expertise. Work group co-
chairs included representatives from EPA, NOAA and the USDA Forest Service and
Soil Conservation Service.

Range of Measures. Separate work groups were established to address:
agriculture; forestry; urban sources; marinas and recreational boating; and
hydromodification, dams and levees, shoreline erosion, wetlands, and biofiltration.
EPA based its development of work groups on a decision that the five areas listed
above were the areas of greatest concern in the coastal zone with respect to
Section 6217. The available data clearly pointed to the significance of urban and
developing areas, agriculture, and forestry, and the legislative history indicated that
marinas also were of concern (Studds, 1990). Adequate information was available to
justify the inclusion of the other sources as well. Work group members agreed with
the selection of those five areas and suggested other areas to include (e.g., mining,
oil and gas, atmospheric deposition, in-place contaminants). No new areas were
added, however. An EPA group was also established to direct the economic
achievability analyses.

Public comments on the proposed "Management Measures Guidance" (U.S.
EPA, 1991) indicated that EPA's selection of sources to address was appropriate. A
few additional areas were proposed by commenters (e.g., mining, storage tanks);
some commenters felt that a few areas were addressed without adequate basis
(e.g., marinas, grazing, forestry); and a number of commenters recommended that
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EPA address groundwater concerns as well. Most commenters, however, either
actively supported EPA's selection or were silent on the issue.

Data. EPA solicited data from work group members, conducted extensive
searches of the literature, and requested data through the public comment process.
Literature searches were conducted by EPA staff, EPA contractors, and EPA
grantees and the following number of papers, manuals and guidance documents
retrieved: agriculture, 810; forestry, 625; urban, 580; marinas and boating, 320;
hydromodification, 430; and wetlands, 580. The findings from the literature, however,
were for the most part not reflected fully in EPA's proposed guidance (U.S. EPA,
1991) because of the time constraints associated with producing that document.

All literature used in the development of the guidance will be included in the
public docket. EPA developed databases to record bibliographical information for
each citation and also used a database matrix for some of the agricultural data
(Robillard, 1992).

Major findings regarding the quality and quantity of the information collected
are: (1) agriculture has the most complete non-point-source literature, but is severely
lacking in many cases; (2) forestry has little literature regarding actual effects of
BMPs on water quality, yet state programs are rather consistent in the practices that
are promoted and required for controlling non-point-source impacts from forestry; (3)
urban literature is relatively strong in some cases (e.g., erosion and sediment
control, storm water structural controls, and on-site disposal systems), yet very weak
in others (e.g., non-structural control costs and effectiveness); (4) marina and
recreational boating literature are very limited in most areas; (5) wetlands information
is good in spots (e.g., sediment trapping efficiencies), but weak in others (e.g.,
nutrient removal); (6) dams and levees literature is weak regarding non-point-source
controls; and (7) shoreline erosion and riparian zone protection literature are weak
pertaining to non-point-source issues.

Additional findings reveal that the synthesis of non-point-source research
information, even where relatively strong, is a difficult chore that is compounded by
the apparent lack of an overall strategy governing research in the non-point-source
area. The lack of communication has resulted in the development of disjointed
research in non-point-source control technology. Questions addressed by one
researcher are often addressed by other researchers in ways that do not promote
incremental findings. Rather, it seems that the same types of studies are done in
different regions, but with slightly different specific conditions or objectives. In other
words, although there is potential for the development of national or regional trends
through replication, there is generally not adequate control of confounding variables
such that differences in effect can be attributed to geographic variables. Additional
factors such as plot size, precipitation source, practice used, study duration, and
monitoring protocol contribute in an unmeasured way to the variability in findings. It
would be highly useful in agricultural studies, for example, to have the physical
conditions reported in addition to the practices used. Where conservation tillage is
applied it would be useful to have measurements of the parameters affected by
conservation tillage (e.g., percent residue) reported to allow for better comparison of
results from different studies.

Research on non-point-source pollution prevention approaches is generally
lacking. The unfulfilled need for suitable techniques to measure the "no effect"
expected from pollution prevention measures may contribute to the void in this
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research area. Much of the best available technology for non-point-source control is
prevention, but the general lack of information in these areas (e.g. nutrient
management, growth management, streamside protection zones, marina siting)
makes it difficult to document their effectiveness in protecting water quality.
However, several states incorporate pollution prevention practices in their forestry,
agriculture, urban and marina programs. For example, Maryland incorporates a
critical area concept and growth management practices to protect Chesapeake Bay
shorelines (Chesapeake Bay Program, 1990).

Selection of Best Available Technology. In general, it was possible to
identify the best available technology for non-point-source control in the five areas
addressed in EPA's proposed guidance (U.S. EPA, 1991). In several cases (e.g.,
stormwater runoff control) a number of options were available to achieve the same
pollution control goals. In a few areas (e.g., forestry) the technology employed was
strikingly similar across the nation, but in other areas (e.g., cropland) the preferred
methods varied considerably due to differences in site-specific conditions (e.g., crop,
soil type, slopes, growing season). EPA derived options for best available technology
for all source categories, but the required economic achievability analyses of these
options were not completed for the proposed guidance. Preliminary analyses,
however, indicated that the proposed measures could generally be expected to be
economically achievable.

Level of Specificity. The level of specificity in crafting the measures for the
proposed "Management Measures Guidance" was one of the most difficult tasks that
confronted EPA. There was no example on which EPA could base its approach
because "management measures* was a new term introduced by the statute.

Four approaches were considered to address the specificity of measures in
the proposed guidance: propose specific practices, propose specific performance
standards that practices or combinations of practices would be expected to achieve,
propose specific programmatic requirements, or propose broad program
requirements. The approach selected for each measure was based on the avail
ability of useful information, the provision of flexibility, the variability of source
characteristics and control effectiveness, and costs. Of these four approaches, EPA
generally used the second and third in its proposed guidance (U.S. EPA, 1991), by
establishing performance expectations for a number of measures (e.g., erosion
control), and establishing procedural requirements in others (e.g., forestry harvest
plan). A few of the proposed measures, however, took the form of specific practices
(e.g., nutrient management and pesticide management).

A problem with the approach taken most frequently by EPA (i.e., the
second approach above) is that essentially no research has ever been directed at
the measures proposed by EPA research has traditionally addressed individual prac
tices or simple combinations of practices. Proper application of the scientific method
dictates that research be conducted in a manner that eliminates as many sources of
unexplained variability as possible so that the effect can be detected amid the
variability commonly found in environmental data. Additional practices can easily
confound the interpretation of the effect caused by any single practice, and it can be
difficult to sort out the effects of one practice vs. another when multiple practices are
combined in a study.

Some research has been directed at systems of practices, but it was
unlikely that the combinations of practices proposed by EPA as management
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measures had been studied under enough conditions to provide a definitive national
database. EPA, therefore, was confronted with the need to use practice information
to estimate the non-point-source control benefits ofmany ofthe measures proposed
in its guidance. Forthose proposed measures that resemble practices (e.g., nutrient
management) results from the published literature could be applied moredirectly, but
other proposed measures (e.g., cropland erosion, stormwater runoff management)
may consist of more than one practice in combinations that are not found in the
literature.

The performance expectations in the proposed guidance were based upon
a combination of data and best professional judgment. For example, much of the
selection of forestry measures was based upon the existence of similar practices in
state programs designed to address non-point-source problems. Some data exist
regarding the effectiveness of specific forestry practices, but the existence of state
programs that incorporate practices or systems similar to the measures strongly
affected their selection. In addition, many of the measures are based upon common
sense and are ones for which effectiveness can be gauged from visual observation
since either sediment or habitatdamage are the problemsof primary concern.

The power in taking the second approach is the flexibility it provides states;
states can employ a specific set of practices tailored to local conditions to meet the
performance expectation. EPA is able to specify what is to be achieved at a
minimum for all cases across the nation, while not intruding upon "the more intimate
land-use authorities properly exercised at the local level" (Studds, 1990). This
specificity regarding performance expectations, combined with the flexibility to
choose the way in which expectations are met, provides an approach that can be
used to meet the complex requirements in Section 6217(g) for the establishment of
national management measures.

Summary and Conclusions

Selecting the best available technology for control of non-point sources
throughout the nation's coastal zone is an extremely difficult task due to several
factors. These factors include the natural variability in non-point-source problems
across the nation, the site-specific nature and effectiveness of non-point-source
control approaches, and the generally weak information base from which to make
decisions regarding the best available technology.

EPA and its many federal and state cooperators found ways to address all
problems encountered, and EPA issued proposed guidance that was consistent with
the requirements of Section 6217(g). Some aspects of the proposed guidance were
admittedly not addressed, but the primary reason for the omissions was the lack of
time, not a lack of solutions to problems encountered. Having assembled a
tremendous amount of data regarding the effectiveness of management measures,
the EPA non-point-source program is in an excellent position to provide technical
assistance on non-point-source control measures. In addition, the information
collected can be used to assist other federal and state programs that address total
maximum daily loads, watershed protection approaches, urban stormwater permits,
and the prevention of pesticide contamination to surface and ground waters. Other
agencies, such as the U.S. Department of Agriculture, may also benefit from the
information gained under this cooperative effort.
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FACTOR ANALYSIS OF TIDE GAUGE DATA:

A LOCAL EXAMPLE OF THE MASSACHUSETTS COAST
Vincent Pito Jr.

Maryland Department of Natural Resources

Introduction

Sea level is the boundary between land and the oceans, with sea level
change defined as vertical movements of this boundary. This analysis first examines
the causes, mechanisms and possible consequences of sea level change. This is
accomplished through a literature review. Second, a principal component analysis
(factor analysis) of tide gauge data will be used to analyze the dominant spatial and
temporal patterns of relative sea level change for the East Coast of the United
States. The results of this analysis should allow us to reconstruct the eustatic rise in
sea level from 1940-80. Finally, the results of selected sea level scenarios, plotted
on a U.S.G.S. quadrangle of Eastham, Mass., will be examined to provide a local
example of the possible economic losses resulting from potential future sea level
rise.

Review of the Greenhouse Effect and its Relation to Sea Level

Concentrations of carbon dioxide (C02) and other trace gases (03, N20,
CO, NH3, S02, CFCs etc.), the components of greenhouse gases, have risen
substantially in the atmosphere since the beginning of the industrial revolution (Hoff
man et al., 1983). These rising concentrations result primarily from combustion of
fossil fuels and deforestation. The greenhouse effect implies that as atmospheric
concentrations of C02 and other trace gases rise, increased absorption of longwave
energy will result in increased surface temperatures. One estimate is that if the
atmospheric concentration of C02 doubles from its pre-industrial concentration of
290 ppm (e.g., 600 ppm) and if trace gases continue to increase at their present
rate, then average global surface temperatures most probably will rise from 3-9° C in
the next century (Charney et al., 1979).

Sea level will be directly influenced by an increase in earth's average
surface temperature through a simultaneous affectof thermalexpansion of the upper
layers of the oceans and melting of large alpine and land based ice sheets (e.g.,
Greenland and Antarctica).

Higher sea levels will cause shorelines to retreat through increased erosion
of barrier beaches, islands and bluff environments, as well as by increasing passive
upland retreat (inundation), which can be detrimental in wetland areas. As sea level
rises saltwater intrusion will occur in formerly freshwater bays, rivers and aquifers
(Braatz and Aubrey, 1987). Saltwater intrusion in a coastal aquifer will reduce the
quantity of fresh water available for municipal, agricultural and industrial uses
(Jansen, 1990).

Higher surface temperatures from global warming may increase the severity
and frequency of tropical storms. As sea level rises wave surges may also become
more severe. As erosion and storms increase, flooding of coastal areas will occur
more often, causing an increase in the destruction of coastal buildings and protective
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structures. Rising water tables will cause the soil to saturate faster, intensifying
coastal flooding during storms (Canning, 1991).

Tidal wetland loss due to water logging of the soils from inundation, erosion
and salt water intrusion will preclude losses of shellfish, finfish, crustaceans, and
those species who depend on the wetlands for forage and cover. It is estimated that
78 percent of the commercial fish catch are estuarine dependent species
(Millemann, 1989). Sport and commercial fisherman will next experience reduced
harvests and a resulting loss of revenue. Other animal species who prey on wetland-
dependent species will also decline.

Loss of sedimentary beaches may worsen the survival ability of certain
threatened species, such as marine turtles and shorebirds. As erosion increases, the
aesthetic nature of sedimentary beaches will decline, affecting the recreation and
tourist industry (Jansen, 1990).

Coastal port operations may need to be modified because of changes in
near-shore processes. Coastal industrial facilities may have to retrofit fresh water
cooling intake systems to accommodate increased salinity (Jansen, 1990).

Scientific Background

Sea level is dynamic. Small changes in sea level (e.g., one meter) occur on
a daily basis. Those changes are caused by changes in atmospheric, hydrographic
and oceanographic phenomena (e.g., as a result of daily lunar tide changes, wind,
waves, air pressure, river runoff). Large variation in sea level (i.e., hundreds of feet)
occur on a long-term basis over thousands of years as a result of sea floor
spreading or glacial melting. Large changes in the sea level are caused by
mechanisms or events that cause a global or eustatic change in sea level.

Mechanisms Causing Long-Term Changes In Sea Level

Those events that cause a eustatic change in sea level include: cryospheric
melting (glacio-eustacy), thermal expansion of the upper layers of the ocean
(thermal eustacy), changes in the Earth's magnetic field (geoidal eustacy), and
geometric changes of the ocean basin caused by sea floor spreading. The first two
mechanisms will be discussed below:

Glacio-eustatic fluctuations in sea level result from the expansion (absorption of
water in the form of ice or snow) or contraction (release of water) of large ice
sheets or alpine glaciers (cryosphere) on the earth. Glacio-eustacy causes
dramatic vertical changes in the sea level. For example, during the peak of the
latest Wisconsin age ice advance, 15,000 years before present (YBP), sea level
was between 60 and 150 meters lower then present (Revelle, 1983; National
Research Council, 1987; Emery, 1980). In contrast, during the last interglacial
(Eamian), 120,000 YBP, sea level was 6 meters higher then present levels (Re
velle, 1983). Sea level variation over the past 160,000 years is shown in Figure
1.

Presently, the earth lies in an interglacial period. However, if the cryo
spheric areas were to experience increased melting, due to global warming,
then large changes in sea level would be the result. At present 80 percent of
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the existing fresh water on the earth is locked up as ice or snow in Antarctica
and Greenland.

One of the most pressing issues concerning the future cryospheric
contribution to sea level rise is the possible disintegration of the West Antarctic
Ice Sheet (WAIS). If the WAIS disintegrates then sea level would rise up to 6
meters (Jacobs, 1986). The WAIS is important because it is grounded on
bedrock belowsea level. Warming of oceans waters in the Antarctic Ocean may
cause lubrication of the base of the ice sheet resulting in a rapid surge of ice
towards the ocean. Further, melting of polar areas could cause a change in
Earth's albedo (Untersteiner, 1984). This would result in positive increases in
solar radiation storage at the surface of the earth with a net effect of warmer
temperatures.

Thermal-eustatic changes in sea level result from changes in surface
temperature. Cooler temperatures cause oceans to sterically contract (changes
in the spatial atomic structure) which causes sea level to fall. Likewise, with
warmer temperatures the oceans sterically expand causing a rise in sea level.
However, the exact correlation between thermal eustacy and surface
temperature is poorly understood. Gornitz et al., (1982) found a positive
relationship between measured sea level and a curve representing global
temperature trends, concluding that "part of the sea level rise may be
attributable to thermal expansion" of the upper layers of the ocean.

Sea Surface Topography (Short-Term Changes In Sea Level)

Not only does sea level vary, but the ocean surface is not perfectly smooth.
Like the surface of the Earth, it contains both depressions and expansions. Sea
surface topography is the term used to describe this variation in vertical height of
sea level. Sea surface topography is the departure of the mean sea level from the
geoid (Kidson, C, 1986).

Atmospheric, oceanographic and hydrospheric phenomenon effect sea
surface topography (i.e., atmospheric pressure, El Niflo-Southern Oscillation, wind
stress, temperature variations, currents, salinity, precipitation, river discharge, etc.).
Sea floor topography also affects sea surface topography. These effects are most
pronounced in shallow regions of the oceans where tide gauges are most commonly
located.

Fortunately, tide gauges can filter out short term changes in sea level
caused by variations in sea surface topography. This is accomplished by obtaining
the mean of the tide gauge data for a short period of reference (day to month).
When short term changes in sea level caused by variations in the sea surface
topography are removed, tide gauge data can be used to determine the eustatic
component of sea level rise or fall for a given period of time. Unfortunately,
movement of the land is also documented on tide gauge data.

Movement of the Land

Tide gauge data also contain movements of the land as well as that of the
sea. Movement of the land occurs due to isostatic effects caused by glacial and hy
drostatic loading and unloading, volcanic eruptions, earthquakes, sediment com-

757



pactions and interstitial fluid removal (i.e., groundwater withdrawal or petroleum and
gas extraction). We can consider this to be the "noise" inherent in sea level data.

Glacio-isostacy, a form of neo-tectonism, is a term used to define either
subsidence or emergence of the land following large scale glaciation. Many tide
gauge stations in the northern hemisphere, due to the retreat of the most recent
Wisconsin age glaciers (15,000 YBP), are influenced by glacio-isostacy. Thus,
understanding the effect of glacio-isostacy is of vital importance for separation of the
effects of sea level rise from those of land level adjustment in tide gauge data.

Glacio-isostaticsubsidence and emergence occurs in many portions of the
world. In the northeast coast of the United States isostatic emergence and
submergence is taking place due to a relaxing of the glacial forebulge that formerly
covered the whole area. Meanwhile the centrally glaciated region in Canada is
rebounding. Aubrey and Emery (1989) believes that 44 East Coast tide gauge
stations are influenced by this affect. Deletions of this "noise" leads to a eustatic rise
in sea level of 1.0-1.5 mm/year.

Earthquake activity and volcanic eruptions also effect tide gauge
measurements by moving the land that holds the instrument. New geodetic
technologies such as Very Long Baseline Interferometry, the differential Global
Positioning System and absolute gravity meters now allow discrimination between
land motion and ocean change (Aubrey and Emery, 1989).

Factor Analysis of Tide Gauge Data

An examination of the past century's rise in sea level, through the use of
tide gauge data, may indicate the trend in the future position of the sea level. Esti
mates of this centuries eustatic rise in sea level range from 5-30 cm (Braatz and
Aubrey, 1987).

Because land movements and oceanographic changes occur with varying
magnitudes around the Earth, examination of global tide gauge data would be
inappropriate. Regional studies of tide gauge data where known movements of the
land are understood and which can be subsequently subtracted from the raw tide
gauge data may prove more useful in isolating the eustatic signal in sea level data.

Past analysis of the Eastern United States coastline has revealed highly
variable spatial and temporal changes in sea level (Aubrey and Emery, 1983; Braatz
and Aubrey, 1987). Increases were found in the rate of sea level rise from
Pensacola, Fla. to Cape Hatteras, N.C., with decreases from Cape Hatteras to
Boston, Mass. and increases in the rate from Boston to Eastport, Maine (Aubrey and
Emery, 1983). These scientists believe that isostatic rebound caused by the last
glaciation is the cause for the trend in the northern regions and that oceanographic
and hydrographic effects are forcing the trends in the southern regions.

The purpose of this analysis is to verify the results of past examinations of
sea level trends of the Eastern United States coastline using factor analysis of tide
gauge data. If past interpretations of the eustatic, isostatic and oceanographic
factors that produce temporal and spatial variability in relative sea level in the
eastern United States coastline is correct, we can determine that this work is
verifiable.
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Methods of Factor Analysis

Data used in this analysis consist of yearly mean sea levels from 1940-
1980 for 25 Eastern United States tide gauge stations provided by the National
Oceanic and Atmospheric Administration (Hicks, 1983). The tide gauge data series
was examined for large jumps and gaps due to inoperation or station movement.
Gaps were filled in with the mean of that particular tide gauge series. Aubrey and
Emery (1983) analyzed 26 stations from 1940-1979 (including stations from the
West Coast) and Braatz and Aubrey (1987) examined 44 stations from 1920-1983,
along the eastern North American coast (including stations in Canada).

Factor analysis was applied to the tide gauge data to most efficiently
determine the dominant temporal and spatial structure of the data. Aubrey and
Emery (1983) note that the advantages of factor analysis over linear regression
include:

The technique is objective, and does not impose a pre-determined form to the
data;

it provides an objective means of ranking uncorrelated modes of variability to
eliminate weak signals or "noise" from the data;

it facilitates interpretation of spatial and temporal variability;

It produces modes of variability which are uncorrelated with one another;

It represents modes of change which are coherent in both space and time in the
most efficient way possible.

Eigenvalues and eigenvectors are calculated from a correlation matrix of
the standardized values. Standardizing the data sets each stations mean to zero and
each stations variance to unity. This is done so as to minimize the dominance of any
single sea level station.

Three important results can follow from this type of analysis. First, if the
areas where the fastest relative rates of sea level rise are occurring can be
determined, we can provide our results to those communities which will be affected.
Stabilizing the coast is important for many communities. Second, the spatial and
temporal structure of relative sea level rise will help clarify causes and time scales of
variation in sea level (Aubrey and Emery, 1983). Finally, if results similar to those of
prior analysis are determined to be correct we can conclude that the earlier work is
verifiable.

Results of Factor Analysis

Factor analysis of tide gauge data supplies both temporal and spatial
functions that explain diminishing amounts of the total variability of the data. Each
factor pattern has a corresponding temporal score which explains the same amount
of the variance (Braatz and Aubrey, 1987). Most of the total variance of the data in
this analysis (87.96 percent) is explained by the first three eigenvalues (the first-,
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second and third eigenvalues account for 73.42, 11.28 and 3.28 percent, respec
tively).

The first temporal score is interpreted as the strongest indicator of sea level
change. The first temporal score graph from this analysis displays a good positive
trend (b1=.27446; Fig. 2). We can conclude then that relative sea level has been
rising for the past forty years for all those stations that score high on the first factor
pattern. Examining the factor pattern graph (Fig. 3) we can see that most stations
have high positivevalues for the first factor pattern. The graphdoes show a trend of
higher values for mid-Atlantic stations. This verifies that most stations have
experienced increased rates of sea level rise for the forty year period. Braatz and
Aubrey (1987) and Aubreyand Emery (1983) provide similar results (cf. Braatz and
Aubrey, 1987, p. 33, Fig. 2 and p. 34, Fig. 3; cf. Aubrey and Emery, 1983, p. 27,
Fig. 4, bottom graph and p. 28, Fig. 5, bottom graph). However, note that the rates
of relative sea level rise was not the same for all stations. The second temporal
eigenfunction may describe the difference in the rate of sea level rise among
stations better than the first temporal eigenfunction.

The second temporal score of this analysis (Fig. 4) yields a small negative
trend (b1 =-0.013705). Thus, the rate of sea level change has been falling for those
stations that score high on the second factor pattern. The second factor patterns
(Fig. 3) provides medium positive values for southern stations and low negative
values for mid and northern stations. Mid and northern stations are experiencing an
increased rate of sea level change compared to southern stations for the temporal
sampling period.

Examining Aubrey and Emery's (1983) second normalized temporal
eigenfunction we can see that their results are a complete inversion of the results
from this analysis (cf. Aubreyand Emery, 1983, p. 28, Fig. 5, bottom). Re-checking
the results of this analysis to see if an error had been made concerning this second
temporal eigenfunction produced no differences in the results. There seems to be no
answer for this bizarre anomaly, although the inversion does not change the results
of this analysis. Braatz and Aubrey (1987) show a slight positive trend in their
second normalized temporal eigenfunction (cf. Braatz and Aubrey, p. 34, Fig. 3).
They examined stations from 1920-1980. A close examination of this graph shows
that rates of relative sea level change increase rather quickly at the beginning of the
1930s. From 1930 to 1980 the rate decreases slightly with a lot of variance. This
difference in the temporal sampling period explains why their second temporal
eigenfunction is different from the results of this analysis.

The third normalized temporal eigenfunction (Fig. 5) shows a decreasing
rate of relative sea level change over the 40-year period (b1 =-0.026038). Results
from the third factor pattern (Fig. 3) show varying low positive and negative values.
Boston, Mass. (BSM) and Portsmouth, N.H. have the highest factor pattern;
therefore, these stations are experiencing decreasing rates of relative sea level
change compared to all other stations. Braatz and Aubrey (1987) provide inverted
results similarto those experienced in the second temporal normalized eigenfunction
(cf. Braatz and Aubrey, p. 34, Fig. 3). It was determined that differences in the
temporal sampling period is the reason for the discrepancy.

Relative sea level movement for the 40-year period was obtained by
multiplying the beta-one coefficient of the linear regressions from each of the
normalized temporal eigenfunctions with the spatial factor patterns (Fig. 6). The rate
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of relative sea level movement is highly variable along the coast. The rate of relative
sea level movement increases as one proceeds northward from about 2 mm/yr at
the Florida stations to a maximum of 2.683 mm/yr at the Portsmouth, Va. station.
From Portsmouth to Newport, R.I. the rate of relative sea level movement decreases
slightly. North of Newport the rate follows a generally decreasing trend. The results
of this analysis agree well with those provided by Aubrey and Emery (cf. Aubrey and
Emery, 1983, p. 26, Fig. 3). Braatz and Aubrey's (1987) graph (cf. Braatz and
Aubrey, p. 35, Fig. 5) shows a slight deviation from the results of this analysis.
Uneven temporal sampling periods may explain this difference. Perhaps the rate of
relative sea level has changed for the area analyzed.

Calculation of the residual sea level was obtained by subtracting estimates
of the isostatic adjustment from the relative sea level (Fig. 7). The isostatic
adjustment values were obtained from Braatz and Aubrey (1987). The estimate
values for the isostatic movement of the land are shown in the relative sea level

movement graph (Fig. 6).
The results from this analysis are similar to those results provided by

Braatz and Aubrey (1987) and Aubrey and Emery (1983). Differences between the
figures are visible. For example, Braatz and Aubrey's (1987) graph (cf. Braatz and
Aubrey, 1987, p. 35, Fig. 5) peaks at Charleston, S.C. while the results of this
analysis peaks at Key West, Fla. The different temporal sampling periods may be
the reason behind this difference. We may estimate that the rates of residual sea
level movement have decreased at Charleston, S.C. Further analysis will be needed
to predict the reasons behind this change. The equally weighted average of the
residual sea level movement is 1.127 mm/yr. Braatz and Aubrey (1987) and Aubrey
and Emery (1983) provide similar results of 1.2 mm/yr and 1-1.5 mm/yr, respectively.

Conclusion of Factor Analysis

Factor analysis of tide gauge data along the Eastern United States
coastline reveals important variations in relative sea level. According to Braatz and
Aubrey (1987) more than half of the variance of relative sea level can be explained
by isostatic processes. Thus, one half of the relative sea level rise is attributable to
eustatic events.

The results of this analysis differ very slightly from the two works discussed.
The temporal structure (the first temporal score) of this analysis agrees well with the
previous works. Differences in the temporal sampling period may be the reason for
the slight discrepancy. Braatz and Aubrey (1987) believe that the rate of relative sea
level rise has increased since 1934. They believe it may be due to a change in the
rate of isostatic adjustment of increased thermal expansion of the upper layers of the
ocean. It is possible that global warming due to the greenhouse effect is forcing this
thermal expansion although further analysis will be needed to prove this assertion.

Area Analyzed (An Example of the Effect of Sea Level Rise)

Predicted rises in sea level were plotted on a land use map of Eastham,
Mass. to provide a local example of the possible economic effects of sea level rise.
Four different sea level rise scenarios were plotted on a land use map (1 ft., 4 ft., 11
ft. and 20 ft.). The 1-foot scenario is a continuation of the historical trend in sea level
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rise at Cape Cod. The 4- and 11-foot scenarios are EPA's mid range low and high,
respectively, sea level estimation for the next century (Hoffman et al., 1983). The 20-
foot scenario is the possible catastrophic effect for a collapse of the WAIS (Mercer,
1978). Area was calculated for each land use type affected by each sea level
scenario using a planimeter. The land use map and parcel values were obtained
from the Eastham tax assessor.

The total economic loss in terms of a loss of property or structure for each
sea level rise scenario was obtained in a three step method. The first step was to
obtain the average value of a parcel for each land use category. This was accom
plished by dividing the total value per land use category by the number of parcels for
each land use category. The result is the average value per property for each land
use type. The next step was to obtain the average value per acre for each land use
type. This was accomplished by dividing the average value per property by the
average property size. The average property size was obtained through estimation.
The result is the average value per acre for each land use type. This value was then
multiplied by the number of acres affected by each sea level rise scenario for each
land use type. The result was the total economic loss (in dollars) per sea level rise
for each land use type.

Results of Area Analysis

The single-family land-use type is the highest affected land use type given
any sea level rise scenario (Fig. 8). If the WAIS were to collapse then the combined
single family homeowners in Eastham will lose over $110 million of property value.
The potential developable land and commercial land use type would also be
seriously affected by the sea level scenarios.

Conclusion of Area Analysis

Sea levels will ultimately rise and the losers will be private homes,
transportation and commerce as well as natural coastal ecosystems. Giese (1987)
estimates that from 1980 to 2025 Cape Cod, Mass. will lose between 3,000 to
10,000 acres of upland—land that is valued at $1 million per acre. Thus, by 2025
Massachusetts may lose between $3 and $10 billion. This analysis has shown that
the potential economic loss for each land use category increases for each succes
sively higher sea level scenario. These results should justify increased spending for
coastal stabilization, planning and scientific predictions.

Conclusion

In this analysis we discussed the direct and indirect relationship between
global sea levels, thermal expansion of the upper layers of the oceans and melting
of large land based ice sheets and glaciers. Global warming caused by the green
house effect may increase eustatic sea level through large-scale thermal expansion
and glacial melting. Because the ocean surface contains depressions and
expansions and is directly affected by short-term oceanographic, meteorologic and
climatologic processes, it was determined that an examination of tide gauge data
may indicate the true rate of eustatic sea level movement.
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A factor analysis of Eastern United States tide gauge data was performed
to determine the dominant temporal and spatial modes of sea level change for the
past 40 years. The results of this analysis agreed well with previous works and we
verified that their work is correct. The residual sea level movement of this analysis
was calculated to be 1.127 mm/yr.

Eastham, Mass. was analyzed to determine the effect of predicted sea level
rise scenarios on land use type. The results indicate that even the continuation of
the historical trend would produce significant losses on all land use types. The au
thor recommends increased spending for planning and other activities related to the
coastal zone.

Acknowledgments

This paper is a revision of a previously written master's thesis paper
completed at Boston University (June 1990). I'd like to thank Dr. Louis Scuderi for
reviewing this document and providing key support during its initial preparation.
Additional thanks go out to Lee Gottschalk for her comments and support.

References

Aubrey, D.G.. and K.O. Emery. 1989. Recent Global Sea Levels and Land Levels. Climate
Change Workshop, Woods Hole, Mass. 18 p.

Aubrey. David, and K.O. Emery. 1983. Eigenanalysis of recent United States sea levels.
ContinentalShelf Research 2(1):21-33.

Braatz. Barbara V., and David G. Aubrey. 1987. Recent relative sea-level change in Eastern
North America. In: Sea-Level Fluctuation and Coastal Evolution: Society of Economic
Paleontologists andMineralogists, D. Nummedal, et al., eds.. Special Publication No. 41. pp.
29-46.

Canning. Douglas J. 1991. Global climate change and sea level rise. Current: The Journal of
Marine Education. National Marine Educators Association, Pacific Grove, Calif. 10(3):8-12.

Charney, Jule, et al. 1979. Carbon Dioxide and Climate: A Scientific Assessment. National
Academy of Sciences Press, Washington, D.C.

Emery, K.O. 1980. Relative sea levels from lide-gauge records. Proceedings of the National
Academy of Science U.S.A. 77(12):6968-6972.

Giese, Graham. 1987. Losing coastal upland to relative sea-level rise: 3 scenarios for
Massachusetts. Oceanus 30(3)16-22.

Gomitz, V.. et al. 1982. Global sea level trend in the past century. Science215:1611-1614.

Hicks, Stacey D., et al. 1983. Sea Level Variations for the United States: 1955-1980. U.S.
Department of Commerce, Rockville, Md.

Hoffman, John S., et al. 1983. Projecting Future Sea Level Rise; Methodology, Estimates to the
Year 2100, and Research Needs. U.S. Environmental Protection Agency, Washington, D.C.

763



Jacobs. Stanley S. 1986. The polar ice sheets: A wild card in the deck? Oceanus 29(6):50-54.

Jansen, Marcetla. May 1990. The role of coastal zone management in sea level rise response.
Climate Change and the Coast. Volume 1: Adaptive Responses and their Economic,
Environmental, and Institutional Implications. A report to the Intergovernmental panel on
climate change from the Miami conference on adaptive responses to sea level rise and other
impacts of global climate change, pp. 161-166.

Kidson, C. 1966. Sea-level changes in the Hoiocene. Sea Level Research: A Manual for the
Collection and Evaluation of Data. Orson van de Plassche, ed. Geo Books, Norwich, England,
pp. 27-64.

Milliman, John D. 1989. Sea levels: Past, present, and future. Oceanus 32(2):40-42.

Mercer. J.H. 1978. West Antarctic ice sheet and C02 greenhouse effect: A threat of disaster.
Nature 271:321 -325.

National Research Council (U.S.). 1987. Committee on Engineering Implication of Changes in
Relative Sea Level. Responding to Changes in Sea Level. National Academy Press,
Washington, D.C.

Revelie, Roger R. 1983. Probable future changes in sea level resulting from increased
atmospheric carbon dioxide. Climate Change. Carbon Dioxide Assessment Committee, eds.
National Academy Press, Washington, D.C. pp. 433-448.

Unterstetner, N. 1984. The cryosphere. The Global Climate. University Press, Cambridge.
Great Britain, pp. 121-140.

764



ASt IK »'l

to to too

t—i—i—i—i—i—i—r T—r
i Vtl

I i

I !! '

«. ; i

i |

Figure 1. High stands of sea level during the past 150,000 years. Note 6-m terrace above
present sea level 120,000-125,000 years ago, and 2-m terrace 135,000 years ago. (Source:
Moore, 1982.)
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Figure 2. First temporal score of factor analysis of 25 eastern U.S.tide gauge
station data. 1940-1980.
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Figure 4. Second temporal score of factor analysis of25 eastern U.S.tide
gauge station data, 1940-1980.
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HOLDING THE LINE ON WETLANDS:

A ROLE FOR THE SOUTH ATLANTIC STATES

J. Owens Smith

University of Georgia1

As the federal government vacillates in its determination to formulate and
maintain a consistent national policy on wetlands protection, several states are in
various stages of beginning debates regarding their participation in the national
wetlands protection effort now known as the "§404" program. That section refers to a
provision of the present version of the Federal Water Pollution Control Amendments
of 1972, now called the Clean Water Act (CWA), that is intended to protect water
quality by controlling the discharge of dredged and fill material into wetlands.

While all states but one have chosen to remain aloof from the inevitable

controversies that swirl about the regulatory intrusions of the §404 program, many of
them have some sort of freshwater wetland protective state policy. This paper
focuses on what one state, Georgia, has accomplished in living up to its self-
proclaimed sensitivity to environmental protection issues, and it compares this claim
with a recently enacted, ambitious land-use-influencing policy that expressly but
generally addresses the Issue of freshwater wetland protection.

That policy is found in legislation that responded to recommendations made
by a diverse, high level commission that was appointed by the governor in 1987 to
bring Georgia's local land use planning procedures into the 21st century. This 35-
member group, called the "Growth Strategies Commission," had two basic goals:
first, to propose a plan or course of action that would accommodate growth while
maintaining some undefined, existing "quality of life"; and second, to improve this
elusive "quality of life" in "low-growth" areas through practical programs aimed at
economic development. One has to know Georgia politics to appreciate the potential
for environmental damage In these two apparently contradictory policy goals.

The growth strategy that eventually emerged from this group of classic
insiders was a rather sophisticated restatement of the most pleasant dreams of any
Chamber of Commerce, but it revealed vastly improved attitudes toward and provi
sions for environmental protection. The commission's plan addressed nine topical
elements that include almost every area of human community concern, but I will
address only those that relate to wetland protection and local, state and federal
government interaction in that context.

There is a historic tension in Georgia between people in rural counties and
"city people"—spelled "Atlanta." This distrust has pre-Civil-War roots, and its ultimate
expression was in the now discredited county-unit voting system. However, even
now, people in Georgia's rural areas are especially sensitive to oversight and
decrees emanating from the central state government. This dynamic was one of the
fundamental reasons Georgia was unsuccessful in promulgating a program that was
approvable under the federal Coastal Zone Management Act (CZMA). Against this
•traditional state of affairs, the degree to which recommendations of the Growth

'Funding for attendance of this conference was provided by the Marine Extension Service,
University of Georgia.
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Strategy Commission were incorporated into legislation is very significant, and it
portends an improved and more rational approach to environmentally sound local
government action.

Another element of this historic tension between local and state government
in Georgia, and the resulting implications for wetland protection, arose in the context
of "zoning and planning"—activities once seen as tenets of Marxism in Georgia!
Initially, these governing prerogatives were made respectable for and available to
local governments through an explicit constitutional amendment. Subsequently, the
authority for local governments to "plan and zone" was the subject of several other
constitutional amendmentsl Thus, central government statutes affecting various
manifestations of "zoning" have been threatened with constitutional challenges, the
effect of which has been to either chillenlightened central, holistic perspectives or to
excuse leadership neglect of growing environmental problems that transcended
political boundaries. However, after a bizarre chain of events that is typical of
Georgia politics, exclusive authority to "zone and plan" remained the province of
local governments, but there was included in the constitution a specific reservation
of authority to the state to protect "natural resources, the environment, and vital
areas." This has been a rarely used state-level authority in the context of land use
control.

When the state constitution was recodified and amended these changes
included the areas that deal with the authorities of local and state governments to
influence land use. Rather than the initial language that excluded state level involve
ment in "zoning," the new language is that: "The governing authority of each county
and of each municipality may adopt plans and may exercise the power of zoning.
This authorization shall not prohibit the General Assembly from enacting general
laws establishing procedures for the exercise of such power." The 1983 constitution
also addressed specifically the subject of land use as follows: "Without limitation of
the powers granted under Paragraph 1, the General Assembly shall have the power
to provide by law for. Restrictions upon land use in order to protect and preserve the
natural resources, environment, and vital areas of this state." Regarding state
government's power and authority fo affect land use decisions that impact wetlands,
I believe the state constitutional provision resembles the commerce clause power of
the federal constitution as it has been applied to wetlands though it is not nearly so
sweeping. Whether the legislature will ever have the courage and vision to actually
test the scope of this authority is another question. I predict that it will not and that,
absent an imaginative extension of this clear grant of power, the state will fail to
qualify for "delegation" of permitting authority pursuant to provisions of §404 of the
CWA. However, this will be a failure of will rather than of constitutional authority
because I believe the language quoted above Is clearly adequate to the task.

Historical events and attitudes that shaped federal-state relationships in the
environmental law revolution of the early '70s still must be kept in mind as the
federal government allows states to assume responsibility for wetlands protection.
You may recall that short-term self-interest and economic competition among states
had allowed development of highly variable commitments to comprehensive
environmental protection. States vied with each other to attract industry by promising
pollution control leniency or otherwise simply did not address all sorts of
depredations on our various "commons."
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But this is getting ahead of the facts. Georgia has enacted other
progressive statutory provisions potentially applicable to freshwater wetlands; and
the state Department of Natural Resources has promulgated rules that are
applicable to "comprehensive planning" and "zoning" activities of local governments.
The basic aim of these statewide regulations is to affect the manner in which local
governments exercise their zoning and planning authority regarding how permitted
activities impact "... natural resources, the environment, and vital areas ..." of the
state, including wetlands.

Before I describe the specific and modest efforts of the state to protect
freshwater wetlands, I will briefly review some of the major statutory and regulatory
provisions that govern federal suspension of permitting authority in deference to
state assumption of that responsibility.

Section 404(g) allows governors who desire to administer state individual
and general permit programs to submit to the Environmental Protection Agency
(EPA) their statutes, regulations and other legal authorities for evaluation regarding
their adequacy to implement federal policies aimed at protecting wetlands. Waters
that are "navigable" under traditional tests and tidal waters are excluded to states
under this option. Essentially, this limitation would reserve to the Corps of Engineers
its historic jurisdiction under the Rivers and Harbors Act.

The submission requesting suspension of federal permitting must be
accompanied by a statement from the state attorney general that the laws of the
state provide sufficient authority to carry out the wetlands protection program. (If
Georgia had had the existing constitutional authority during the period it was
considering participation in the CZMA program, the state could have exhibited the
authority, if not the determination, to meet the legal prerequisites of that coastal
resources program.)

The EPA Administrator will make an assessment of the legal adequacy of
the state submission according to several conditions and standards set out in the
CWA itself. Probably the most significant such requirement is that the state must
have authority to issue permits that "... apply, and assure compliance with ...
guidelines" established under §404(b)(1) of the CWA. I am sure that most of you
who are involved in coastal matters already know of the imperfect but tremendous
implications of the §404(b)(1) guidelines. Essentially, the guidelines were Congress'
way of playing the protectionist role of the EPA against the environment-wrecking
penchant of the Corps of Engineers. Even in the greatly compromised status of the
guidelines, to require a state like Georgia to comply with themis indeed a great leap
forward.

Many substantive, administrative, and enforcement standards that
characterize progressive federal environmental regulation are required of a state
desiring to assume §404 permitting authority—in the CWA itself. For example, the
statute specifiesthat otherwater quality (§1317) and discharge criteria (§1343) must
be complied with. Terms, modification, ((h)(1 )(A)(ii)(iii)J entry, inspections, monitoring,
.and reporting (§1318) requirements must be met. Notice to the EPA, [(h)(1)(D)], to
persons and other states must be given and public hearings afforded in appropriate
circumstances [(h)(1)(C)]. Those affected must have an opportunity for written
comments on applications and, if such written recommendations are not accepted,
written explanations must explain supporting reasoning [(h)(1)(E)]. The state must
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demonstrate authority to enjoin violations and to impose serious civil and criminal
penalties [(h)(1)(G)].

There are standards applicable to an EPA decision to withdraw approval of
a state program after it has been found out of compliance with the federal scheme
(§1344). The EPA must receive copies of applications and proposed general
permits—apparently an effort to maintain continual oversight on state compliance.
There are options for the EPA to object to particular permit applications as well as
standards by which conflicts in this context must be resolved [§1344(j)]. However,
the EPA can abandon much of its oversight role by waiving it at the time it approves
a state program "... for any category (including any class, type, or size within such
category) of discharge within the State..." [§1344(k)].

These are the statutory "bare bones" of the Congressional policy to allow
states to assume wetlands permitting authority. However, as is usual in such circum
stances, the regulatoryembellishment adds in volume and detail to the subject. The
relevance of discussing these regulatory details is to establish a basis for
comparison between what Congress and the EPA have required as pre-conditions to
the states' assumption of this most important federal environmental protection
program and what Georgia has done to meet those requirements.

EPA's initial §404 State Program Regulations were promulgated in 1980.
The states groused so long and so ioud, the EPA proposed revisions in 1984. (At
that time, only one state had assumed §404 permitting responsibility). The states
complaints were the typical ones raised against every effective environmental
regulation. They were too burdensome and restrictive; too rigid and mandatory; too
paperwork oriented; too intrusive with too much oversight; too inflexible; and, the
most classic complaint, too confusing.

Of course this is a virtual catalog of state propensities that allowed the
problems to develop in the first instance and that now perpetuate them. About this
time, the Reagan administration's anti-environment squads directed their attention to
the 1980 §404 State Program Regulations, and an amendment was proposed in
October 1984 that responded to the gripes of the states and developers.

In the following discussion, I am noting only those most pivotal regulatory
requirements and changes that will be determinative of whether Georgia would
qualify for assumption of the §404 program if an application were filed with the EPA
today. Several years ago, a terse grant of statutory authority was made to the
Georgia Environmental Protection Division to negotiate for assumption of §404
program management. To my knowledge, nothing substantive has come of that
grant.

The state's §404 program must be at least as stringent as the federal
program. (233.11). This requirement includes such important details as the reach or
extent of the state's authority or jurisdiction over wetlands, as well as the scope or
variety of activities that are subject to the permitting authority. The state must apply
permit review criteria that are consistent with federal criteria.

The regulations do not require affirmative, formal assurance from the
governor that the level of funding is sufficient to provide for an effective program. As
you know, in the "pre-Earth Day" prehistoric past, this lack-of-funds-ploy was often
an excuse for inadequate enforcement. As an example, during my last year of law
school, in 1970, I was a research flunky for an assistant attorney general whose
responsibility was to enforce the state's (not Georgia) environmental or pollution
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control laws. Imagine how much one lawyer and one law student could do as the
only enforcement resources for a whole state] It was a calculated policy to limit
intrusions in the name of environmental protection.

In its §404 program assumption regulations, EPA provides that, while it will
not require assurances of adequate manpower and funding from the governor, it will
make its own assessment regarding these matters. If there is insufficient funding or
manpower, the regulations merely observe that this fact will become evident upon
review of submission of the program—but there is no statement of the action EPA is
required to take in such circumstances. Presumably, because of the statutory
provisions involved, EPA would be precluded from approving a state submission that
is fundamentally lacking in these particulars. There is an explicit recognition in the
regulations, (§233.15(i)], that EPA will not approve any state submission that is not
consistent with the statutory and regulatory provisions applicable to state program
submissions.

The federal regulations by which state §404 program submissions are
judged are detailed and voluminous—and are characterized, in the preamble
discussion, as being modeled after those dealing with state assumption of the
National Pollution Discharge Elimination System (NPDES) program under §402 of
the CWA. Surely, if a state can administer the NPDES program adequately, it can
manage the wetlands protection program, too—even Georgia! By far, the most
significant limitations on state implementation of the §404 wetlands protection
policies is the requirement that the state program comply with EPA's §404(b)(1)
guidelines. I am only going to mention a few elements of those rules here to provide
a context for comparison with Georgia's Growth Strategies Commission legislation
and regulations.

The Clean Water Act2

The EPA §404(b)(1) Guidelines. The basic policy of the Clean Water Act is
to "... restore and maintain the chemical, physical, and biological integrity of the
waters of the United States ..." which includes the control of discharges of dredged
and fill material. That policy is reiterated in the EPA's regulations (§230.1(a)). A
basic premise underlying the EPA's implementation of these policies is that dredged
or fill material should not be discharged into the aquatic ecosystem unless it can be
demonstrated that such discharge will not have an unacceptable adverse impact
either individually or in combination with other impacts on ecosystems of concern
(§230.1(c)). The filling of wetlands and the degradation or destruction of special
aquatic sites is considered by the EPA to be among the most severe environmental
impacts that are addressed by the guidelines (§230.1 (d)).

It is customary in the quasi-legislative role of administrative agencies in the
U.S. to provide an extensive glossary of terms or "definitions" in each regulation.
Two such definitions in the EPA's guidelines have special relevance to one who is

'Note: These materials are largely taken from a chapterwritten by the author for a book edited
by Dr. Bernard Patten on case histories of wetland despoliation around the world—yet to be
published—used here by permission of the author.

773



interested in securing compliant and effective state program submissions. "Aquatic
ecosystem" and "special aquatic sites" are two terms that deserve special attention
because of the extensive nature of the riparian wetland systems in Georgia. "Aquatic
ecosystem" is a broad term meaning"... waters of the U.S., including wetlands, that
serve as habitat for interrelated and interacting communities and populations of
plants and animals" (§230.3(c)). "Special aquatic sites* means geographical areas,
large or small, possessing special ecological characteristics of productivity, habitat,
wildlife protection and other important and easily disrupted ecological values. These
areas are generally recognized as significantly influencing or positively contributing
to general overall environmental health or vitality of the entire ecosystem of a region
(§230.3(8-1)). That regulatory section incorporates another, (Subpart E), to identify
more specifically some examples of "special aquatic sites." In Subpart E, those sites
are: sanctuaries and refuges (§230.40); wetlands (§230.41); mud flats (§230.42);
vegetated shallows (§230.43); coral reefs (§230.44); and riffle and pool complexes
(§230.45). Definition of the "wetlands* mentioned in §230.41 is more extensively
defined than in the introductory portion of the regulation that simply restated the
three primary characteristics of a "wetland." The additional descriptive language
recognizes the transitional location of wetlands and notes the propriety of engaging a
delineation specialist in establishing boundaries (230.41 (a)(1),(2)). It notes the exis
tence and distinction between obligate hydrophytes, those plants that require
saturated soil to survive, and facultative hydrophytes, those that can only tolerate
prolonged wet soil conditions. The regulation recognizes physical and hydrological
wetland indicators and allows incorporation of these characteristics into a delineation
calculation (§230.41(3)). Finally, section (b) of the regulation enumerates the
potential loss of wetland functional values from discharges of dredged and fill
material. Ironically, the list includes many impacts that result from the "creeping
losses" of wetland destruction evident in many small projects. Those losses include
various habitat benefits; biological productivity decrease resulting from depth,
circulation, periodicity and current pattern and velocity changes, nutrient exchange
depression, alteration of vegetative succession toward dry land species, and
interference with recharge, filtration and storm buffer functions.

The guidelines provide an evaluation process that a state will be required to
employ as a prerequisite to its decision that a proposed activity is consistent with the
policies and provisions of the CWA and related regulations. Thus, a state will have
to evaluate the projected individual and cumulative impacts from the destruction
associated with activities it permits. Section 230.10(a) of the Guidelines, among
other good things, requires a "practicable alternative" evaluation and assessment
process.

The "prohibitions" of §230.10(b) are simply specific references to existing
statutory provisions, compliance with which does not depend upon recognition in an
agency regulation such as the ones now under discussion. That section prohibits
discharges that violate a state water quality standard or a toxic effluent standard;
jeopardize the continued existence of an endangered or threatened species or result
in the likelihood of destruction or adverse modification of a critical habitat; or violate
protective standards applicable to marine sanctuaries (§230.10(b)(1-4)).

Subsection (c) is a type of "non-degradation" prohibition that is
characteristic of several U.S. statutes enacted in the past two decades. The policy,
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in its general expression, is that air, water and other natural systems should not be
downgraded if their present condition exceeds minimum federal quality standards.

The guidelines impose a requirement of no"... significant degradation ..." as
a pre-condition of the legitimacy of a permitted activity (§230.20(c)). Findings of
significant degradation must rest upon factual determinations, evaluations and tests
found throughout the guidelines. What this means is that a state under an approved
program cannot grant a permit if it concludes, after going through the requisite
procedures, that "significant degradation" will occur as a result of that permit. Not
only does this reverse the presumption against the discharge of pollutants that is at
the very heart of the Clean Water Act, it leaves the burdensome task to whatever
agency is implementing the policies of §404.

A "finding of significant degradation" that will have the effect of precluding
the granting of a permit must issue, if at all, after the considerations required in
subparts C through F of the guidelines. These subparts include consideration of"...
potential impacts on physical, chemical, (Subpart C), biological, (Subpart D), special
aquatic sites, (Subpart E), and human use, (Subpart F), characteristics ..."
(§230.10(c)). The factual determinations, evaluations and tests of Subparts B and G
must follow the considerations requirements of Subparts C through F. Subpart B is a
broad directive to comply with the EPA's guidelines and includes sections 230.10
through 230.12 that are discussed in detail below.

The purpose of the evaluation procedures and chemical and biological
testing of subpart G, required of a state under §230.10(c), is to provide information
to make the factual determinations required under §230.11 discussed below
(§230.60). Information gathered pursuant to these regulations must be "documented"
and therefore must be made available by government agencies to interested parties
upon request. There exist rather stem enforcement procedures if such data are not
forthcoming. The basic broad purpose of the regulations at §§230.60 and 61 is to
discover and characterize contaminants, if any, at both the excavation and disposal
sites where dredged and fill material will be discharged.

While it is apparent that a great portion of the regulations found in §230.60
and .61 are focused on problematic and large volume movements of fill material,
concern is evident for protecting the natural functions of wetland ecosystems. In the
context of even small proposed projects not covered by a general permit, insistence
on foreknowledge and disclosure by the permitting agency of just what is about to
happen to a unique streamside and wetland ecosystem is well within, and is
supported by, such regulations.

One must keep in mind the labyrinthine intertwining of regulatory
requirements when attempting to discover or conclude whether a particular activity is
affected by a particular regulation, and if so, to what extent. While even the cursory
attention given here to these regulations may seem plodding, to be an effective
influence on the implementation of public policy one must master these guidelines.
Often one will be dealing with scientists or highly skilled technicians whose attention
is difficult to attract unless the would-be participant has "done his/her homework."
There is simply no substitute for constructing this sort of credibility. Even so, law
suits are often necessary to gain the attention the law requires to be accorded to
interested citizens.

After noting how the provisions of §230.10(c) incorporated regulations found
under subparts C through G, next considered are the mandatory protective re-
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quirements of §230.10(d). This section requires appropriate andpracticable steps to
minimize potential adverse impacts on the aquatic ecosystem.
At a minimum, since these regulations are relevant to a state's deliberations on most
permit applications, permit applicants must have some responsibility to be aware of
and to conform their activities to the various requirements. With respect to the
requirements for compliance with the guidelines in subpart B, and based on
provisions of the many information-gathering and procedural requirements noted in
the various guideline subparts mentioned last above, a state must make many
"factual determinations" pursuant to §230.11 when it considers the issuance of a
permit. Therefore, a state must determine, in writing, the short-term and long-term
effects of a proposal on the physical, chemical and biological components of the
aquatic environment that will be affected by the particular activity. These "factual
findings" under §230.11 mustbe used in drawing conclusions as to whether §230.10
protective restrictions have been complied with! The history of recent systems-
sensitive national-legislation in the U.S. often elicits frustration with such apparent
regulatory convolutions. One obvious logical response is to recognize that systems
as complex as those regulated by the EPA's §404(b)(1) guidelines cannot be
protected by simplistic and abbreviated rules. It is hoped that the summary or
skeletal treatment of these regulations will lead to a better understanding of the
substance of the guidelines.

The "effects" about which factual determinations under §230.11 must be
made include: physical substrate (a); water circulation, fluctuation and salinity (b);
suspended particulate/turbidity (c); contaminants (d); aquatic ecosystems and
organisms (e); proposed disposal sites (0; cumulative effects on the aquatic
ecosystem (g); and secondary effects on the aquatic ecosystem. The regulations in
each of these subcategories include many guiding details about how the effects are
to be determined. A dominating common thread here and throughout the guidelines
is that all relevant facts and factors must be discovered, substantively considered
and result in ecologically improved or sound decisions that will effectuate the
"system-sensitive" goals and policies of the U.S. Congress expressed in the Clean
Water Act of 1977.

Discharges must be specified as failing to comply with EPA guidelines if
there is a practicable alternative to a proposed discharge that will have less adverse
effect on the aquatic ecosystem; the proposed discharge would result in significant
degradation; or did not include all appropriate and practicable measures to minimize
potential harm; or sufficient information to make a reasonable judgement as to
compliance does not exist. In such cases, a state will have to issue a finding or
statement that the proposed permit did not comply with the EPA's guidelines
[§230.12(a)(3)(i-iv)J.

Georgia's Legal Capacity to Assume Authority Under §404. The Growth
Strategies legislation directed the Georgia Department of Natural Resources (DNR)
to promulgate "minimum standards and procedures" regarding naturalresources, the
environment and vital areas of the state. Wetland resources are specifically singled
out for what is called "protection" although mandates for an improved end result are
virtually non-existent. The legislation requires that these "minimum standards and
procedures" be used by local governments in developing and implementing
comprehensive plans. When the DNR promulgated the rules thus required, it
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referred to them as Criteria for Wetlands Protection. Apparently, the DNR intends for
the words "criteria" and "standards" to be used synonymously.

Presumably, because regulations cannot require more than does the statute
pursuant to which they are promulgated, the minimum wetlands criteria regulations
(MWCR) provide that local governments 'should acknowledge the importance of
wetlands for the public good in the land-use planning process ..." Thus, the DNR
established MWCRs"... for local government consideration of wetlands protection" in
their land-use planning processes. The MWCRs expressly are designed only to "...
assist in the identification and protection of wetlands, and do not constitute a state or
local permit program." While these initial and fundamental limitations virtually
preclude conformity with federal program assumption prerequisites discussed above,
there is still cause to be encouraged about emerging state attitudes toward wetland
protection.

The MWCRs acknowledge the existence and probable application of the
federal §404 program to local activities thatare proposed for wetland areas, and the
role of the state under §401 of the CWA. Section 401 of the CWA gives the states
the option to comment on federal permits that may result in any discharge into
navigable waters within their jurisdictions. In most cases, the federally permitted
activity maynot proceed without the state's affirmative certification under §401.

The MWCRs incorporate the definition of wetlands used by the U.S. Army
Corps of Engineers and the EPA with a few additional explanatory comments.
Intertidal wetlands encompassed within the jurisdiction of the state's Coastal
Marshland Protection Act are excluded from the state's definition of freshwater
wetlands.

The MWCRs require local governments to define, Identify and map certain
categories of wetlands and aquatic habitats and include this information in local
plans. The categories identified in the regulation are: open water; non-forested
emergent wetlands; scrub/shrub wetlands; forested wetlands; and altered wetlands.

Whatever protection shall result from defining, identifying and mapping wet
lands, it may not be applicable to wetlands that are less than five acres in size. The
MWCRs grant or recognize administrative discretion to disregard "minimum area"
wetlands through processes that are conditioned upon the methodology employed in
developing the state's wetlands database. At the least, this means that plans and,
presumably, their implementation can exempt from classification or protection
wetland areas that are less than five acres in size.

Local government land-use plans should address a long list of facts and
factors that bear upon the wetlands identified. The MWCRs use the word "consider
ation" rather than facts and factors." However, there is no requirement that taking
into account such "considerations" must result in any particular protective outcome.
In that regard, the MWCRs resemble the ultimate outcome of the National
Environmental Policy Act, a federal statute that has been Interpreted by the U.S.
Supreme Court as not requiring environmentally improved decisions.

A list of preferred uses of wetlands is provided in the MWCRs from which
local governments can choose to include in their land use plans. Similarly, the
MWCRs permit the exclusion from wetlands uses such as toxic or hazardous waste
disposal and hazardous or sanitary landfills.

These regulations reflect a positive attitude of the state and of local
governments toward wetland protection and wise use. However, stateassumption of
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the §404 permitting authority will require more comprehensive and mandatory
legislation and rulemaking before the federal government will suspend its activity in
these wetland areas.
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Abstract

THE LAKE BLUFF BILLOW:

RE-CREATION OF ILLINOIS' PRE-SETTLEMENT
HIGH BLUFF SHORELINE WITH NATIVE VEGETATION

AND SOFT-SHORE COASTAL ENGINEERING
Charles W. Shabica, P. Clifford Miller

and Greg E. Hultman
Northeastern Illinois University

A low-cost, low-impact shore protection system using soft-shore
engineering and native vegetation has been designed and built for the community
beach at Lake Bluff, Illinois.

Intense urban development of the Illinois shore of Lake Michigan has nearly
eradicated natural beaches and a native plant community adapted to actively eroding
glacial till bluffs. During the early part of the 20th century, bluffs were armored
against high lake levels and storm wave attack. This slowed or halted the natural
movement of the bluff face that was essential to the maintenance of beaches and
the high diversity eroding bluff plant community. The result is an engineered
shoreline of groin fields, seawalls and revetments, and bluffs dominated by later
stages of successional plants that typically inhabited the more stable zones.

In the past, prairie, savanna or woodland vegetation at the bluff top was
transported down the bluff face in discrete clumps of topsoil and glacial till, moving
at rates of up to 15 m per year. In some cases, large scale rotary failures created
massive slump blocks that slid across narrow beaches into the lake. This produced
temporary vegetated headlands, referred to in this paper as billows.

In 1991 an interdisciplinary team of coastal geologists, engineers and
environmental scientists cooperated in the reconstruction of a bay-beach, billow and
native plant community system for the Lake Bluff Park District, Lake Bluff, III. The
challenge was to design a system that would look and act like a naturally occurring
component while achieving the goal of beach preservation in a manner both
aesthetically pleasing and environmentally sensitive. Construction began in the fall of
1991. The first phase of planting of native species will begin in the spring of 1992.
Monitoring is planned for five years following construction.

Introduction

In this paper, we describe the reconstruction of a Lake Michigan coastal
eroding bluff plant community, armored headland and bay-beach at Sunrise Park,
Lake Bluff, III.

Lake Bluff is a northshore community located approximately 35 km north of
Chicago on the western shore of Lake Michigan. Winter storms coupled with
fluctuating water levels have historically caused severe erosion to this section of
high-bluffed lakeshore. Construction of revetments, seawallsand groins has provided
some bluff protection over the years. Recently, damaged shore protectionstructures
and inadequate amounts of sand in the littoral drift system have caused beaches to
narrow, allowing storm waves to once again erode the bluffs in many locations.
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The site, Sunrise Park and Beach, is operated by the Lake Bluff Park
District and extends 500 m along the shore of Lake Michigan. Most of the park bluffs
have been stabilized and are vegetated with a closed canopy of mature trees. The
subject of this report is a beach and eroding bluff at the south end of the park. This
area is protected by a steel sheet pile groin that is becoming less effective over time
at maintaining the narrow beach to the north (Figure 1).

The lakebed and 21-m-high bluffs at the site are composed of Pleistocene
Wadsworth Till. The lower bluff is a dense silty clay glacial till. The top 3 m of the
bluff is a highly permeable layer of cross-bedded outwash sands and gravel overlain
by 0.5 m of topsoil. The water table lies at the top of the clay causing active seeps
even during extended dry periods. Gullies form where the seeps are most active.
Thin gravel and sand layers in the clay tillwere observed to aggravate bluff failures
by saturating the surrounding clay. Several processes including gullying, soil sliding
and rotary failure were observed at the site.

Plan Development

The task, based on several meetings with members of the Lake Bluff Park
District Commission, was to develop a plan to expand the beach and protect the
bluffs from further erosion and provide access for viewing, walking and sailboating in
an environmentally sensitive manner. Following these meetings, draft plans were
developed including conventionally engineered structures, beach nourishment and
the use of plants for bluff stabilization.

Five public hearings were held in order to share the plans and get input
from citizens, neighbors, the Lake Bluff Yacht Club and interested groups including
the Lake Michigan Federation, Open Lands, Lake Bluff Garden Club and others.

Coastal Processes Study

In order to design the system it was necessary to understand the site's
history and present status of bluff and lakebed erosion and relationships to the sand
supply (littoral drift system) and protective structures.

Photographs from as early as 1897 show well-developed wood sheet pile
and rock-filled piers on the Illinoisnorth shore. These first piers acted as groins trap
ping sand on the updrift (north) sides. In addition, Waukegan Harbor, a total littoral
drift barrier to the north, was constructed in the late 1800s. A deficit in littoral drift
sand caused by Waukegan Harbor and continued lakebed and bluff erosion have
flanked and undermined the piers over time. None of these structures remains intact
and ruins are a serious hazard to boaters. Many of the wood piers were later
replaced with concrete modular groins in the 1930s. The last generation of groins
constructed of steel sheet pile in the 1950s and later have recently begun to fail for
the same reasons.

Results of a study of Illinois beach and nearshore sand deposits sponsored
by the U.S. Geological Survey, Northeastern Illinois University and Illinois-Indiana
Sea Grant (Shabica et al., 1991; Shabica and Pranschke, 1992) show the system to
be sediment-starved where littoral drift sands moving from the north are diverted
offshore by the jetties and breakwaters at Waukegan Harbor. The beach and near-
shore sands are typically less than 1 m thick and extend no more than 300 m
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offshore. Net littoral drift is estimated to be about 10,000 m3 per year to the south.
The potential littoral drift is estimated to be 200,000 m3 or more per year south.

Construction of groins is no longer recommended for beach protection
along the Illinois lakeshore. In 1985, the City of Highland Park commissioned a two-
year intensive survey of their 6 km shoreline. At that time 80 percent of the shore
was armored. Primary recommendations for short-term management include artificial
beach nourishment and construction of breakwaters on the lakeward ends of failing
groins (Shabica, 1986). Since then, 12 breakwaters have been built along the Illinois
north shore, the most prominent being the Forest Park Project in Lake Forest. Plans
for regional beach nourishment proposed by north shore communities are in the
formative stages and are being considered by the U.S. Army Corps of Engineers.

Plant Community Study

The modern bluffs along the Illinois lakeshore are dominated by later
stages of successional plants that typically inhabited the more stable zones. This,
coupled with the intrusion of alien woody plants, severely reduced the diversity of the
beach and bluff plant community, particularly the pioneering and early serai stages.

During the early part of the 20th century, large scale planting of woody
plant material (thought to stabilize soil movement) such as black locust, coupled with
native woody colonizing plants, such as cottonwood, aspen and ash, quickly
overtook the newly protected bluff face community. Alien woody plants, buckthorn
and honeysuckles also colonized the bluffs or were planted. The resulting shade and
aggressive growth suppressed the native plant community. Fragmentation of the
original eroding bluff plant community resulted in a net loss of available natural seed
source for colonization of areas with recent soil movement.

Plants most suited to the original unstable environment were able to
tolerate extremes in soil quality, temperature, moisture and high winds. The species
makeup of the coastal bluff plant community was thus a combination of a few hardy
survivors of the plant community living at the top of the bluff and species tolerant of
the high-energy bluff-face conditions.

To assist in the planning of the development of the plant community on the
Lake Bluff site, an existing ecological model was located and studied. One of very
few and probably the best remnants of an actively eroding glacial till bluff plant
community in Illinois occurs approximately 7 km south of Lake Bluff at Fort Sheridan.
All serai stages are present at this site displaying varying levels of disturbance. Plant
inventories were completed and the various plant communities analyzed for clues as
to the environmental factors that shaped them.

All native herbaceous plants present at the Fort Sheridan site were included
in a seed planting list for Sunrise Park. What is not commercially available as seed
will be collected at Fort Sheridan and contract grown as plugs for future planting.
Additional plants not found at the Fort Sheridan site but thought to have grown at
other sites and since lost to erosion were also included in the initial seed mix. A

cover crop will be used to protect the new seeding and recently disturbed soils from
surface erosion. Annuals and biannual flowers were included to provide immediate
aesthetic appeal for the restoration. (The plant list is available from the authors and
will be published in a separate report.)
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Design of Shore Protection Structures

The bluff and beach protection method determined to be best suited to this
site is a combination quarrystone breakwater at the north end of the beach and a
armored headland to the south. The armored headland was designed to mimic the
large-scale soil slump blocks (billows) observed in areas of high bluff erosion. In this
case the headland must be well armored with stone for longevity.

Project Construction

A low crested spur-breakwater 30 m in length was constructed off the sheet
pile groin at the north end of the beach shore parallel to the south (Figure 2). The
armored headland (billow) was built along the south groin and shore-perpendicular.
The billow is constructed of stone surrounding a landward section filled with bluff
clays and soil. The billow will be planted with species considered most resistent to
this highly exposed part of the system. The stone used in the structures is three- to
five-ton boulders of Waterloo quartzite.

The near vertical scarp at the top of the bluff was graded back to a more
stable angle. Curtains drains were dug in areas of intense seeps on the bluff face to
reduce the possibility of future rotary failure slump blocks. Wave damaged areas at
the bluff toe were filled with concrete rubble and quarrystone and covered with local
bluff soil.

Beach Nourishment

To assure that the new breakwater and headland will not interfere with the

littoral drift system, 8,500 tons of sand and gravel were added to the beach cell. The
existing groin at the north end of the beach was buried in the sand and gravel.

Planting

Soils on the disturbed zones of the bluff were protected by erosion control
blankets over the winter and will be planted in the spring of 1992. The blankets will
be removed and balled and burlaped woody plants will be planted. The undisturbed
sections of the north bluff that were revegetated with alien grasses and crown vetch
from an earlier restoration project will be herbicided and the entire site will be
hydroseeded. Erosion control blankets will be reinstalled on the disturbed soil
sections.

No topsoil was added to the site to best mimic the original soil conditions
and reduce competition from the annual alien weeds typically present in the topsoil
seed bank.

A drip irrigation system will be installed for the balled and burlaped plant
material. No watering will be done on the hydroseeded areas. This should minimize
surface erosion problems that may occur on the sloped site due to standard
watering practices.

Existing woodland plant communities on the undisturbed bluff sections at
Sunrise Park will be thinned of invasive alien woody plants and aggressive native
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colonizers to increase the diversity and quantities of herbaceous plants to help
control surface erosion.

Project Monitoring and Management

The project will be monitored for five years to assure that there is no
adverse impact on iakefront properties downdrift. The plant community will also be
monitored and thinned of invasives and seeded as necessary. As the bluff will be
stabilized, on-going management is necessary to maintain the pioneering and early
serai stages of succession.
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