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Nourishing beaches and coastlines is a common practice in mitigating the effects
of coastal erosion. Cullet, a geologically compatible aggregate, has been suggested for
use in beach nourishment practices instead of dredged sands. The goal of this research is
to assess the suitability of using of cullet to replace dredged sand as a nourishment
aggregate and to educate the public about the potential uses for cullet as it relates to
coastal erosion.
The compatibility of cullet to natural quartz sand relies heavily on the comparison
of physical characteristics of the grains and ecological compatibility, which compares the
microorganisms that naturally exist on a sand grain to the microorganisms that occur on
cullet in the same environment. Results show under the same environmental parameters,
similar assemblages and amounts of microorganisms grow on both natural quartz and
cullet substrates.
Initial resistance to the concept of purposely putting broken glass onto a beach
from coastal communities and their visitors is anticipated. An opinion survey to measure
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potential acceptance of the practice and to test the value of a hands-on educational
program was conducted using both online and in-person platforms. These surveys will
guide the development of an education program regarding mitigation of coastal erosion
and the potential impacts of beach replenishment with cullet. Results show there is a
concern regarding cullet in beach environments, but a hands-on learning approach may
aide in acceptance.
A comparison of sediment transport models that analyze the movement of a
nourished shoreline and associated variables was conducted. This comparison determined
a need for a model specifically accounting for morphological grain characteristics, the
grains break down over time, and influences on the life of a nourishment project. The
variables of importance include grain size evolution throughout the lifespan of a
nourishment project, grain angularity, and composition relative to the native sediments of
a nourished beach. Ambiguity of grain variables need further refinement with a
forthcoming model.
The biota and survey results show favor of cullet as a suitable beach fill material,
however models including hardness and composition might contest the results related to
project lifespans and overall suitability.
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CHAPTER I
INTRODUCTION
1.1

General Information
Coasts are the boundary between land and water where the geologic nature of the

land is unstable and often vulnerable, and where the environment is constantly changing
under the dynamic power of climate, coastal processes, sediment budget, relative sea
level, and increasing human activity (Klee, 1999). Coastal erosion is a major problem
facing all coastal areas today (Davidson-Arnott, 2010). After many years of study, the
full scope of coastal erosion and related issues have become evident, including but not
limited to the loss of incoming sediment due to levees and dams, disruption of sediment
flow by development and construction, loss of coastline to sea level rise, loss of land to
storms and storm surge (Davidson-Arnott, 2010).
The primary function of a beach is to stabilize a shoreline by absorbing wave
energy (Klee, 1999). Therefore, several methods have been devised to mitigate the effects
of coastal erosion through a variety of methods. The mitigation of coastal erosion by nonstructural means entails the use of the natural sand for beach and dune control and repair
(West, 1995). Nourishing and replenishing beaches and coastlines is a customary practice
in mitigating the effects of coastal erosion. In the 1950s, replacing sand on beaches
became popular in the United States (Hyndman and Hyndman, 2010). In 56 large federal
beach projects in the United States between 1950 and 1993, the Army Corps of Engineers
1

placed 144 million cubic meters of sand on 364 km of coast (Hyndman & Hyndman,
2010).
One temporary way to mitigate damage to coastlines is beach nourishment, which
is defined as the process of mechanically or hydraulically placing sand directly on an
eroding shore to restore or form, and subsequently maintain, an adequate protective, or
recreational, beach (Speybroeck et al, 2006). This process involves the addition of sand at
the updrift end of the longshore drift system for it to be deposited downcoast in an eroded
section (West, 1995). Typically, a beach is already eroding when it is proposed to be
nourished and over time it will return to the conditions pre-nourishment (Dean &
Dalrymple, 2004).
The most important criteria of beach fill materials for nourishment projects
are composition, color, mean grain size, sorting distribution and grain morphology
(Kerwin, 1997; Komar, 1976). For a material to be deemed compatible, the listed
characteristics of the cullet should be the same or similar to that of the natural beach
sand.
Cullet, crushed recycled glass from pebble to clay size grains, has been
suggested as a geologically compatible supplement for natural sand in place of
dredged sand in the effort to combat shoreline erosion (Babineaux, 2012; Foye, 2005;
Makowski et al., 2007). Glass is made from readily-available domestic materials,
such as sand, soda ash, and limestone (GPI, 2018). “Cullet” is the industry term for
furnace-ready recycled glass (GPI, 2018). There are many civil engineering
applications for cullet including being used in glasphalt, concrete additive, building
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materials, filter media, drainage and erosion control, and the reclamation of beaches
(HDR Engineering, 1997).
The capability to crush glass to any size from gravel to dust allows for the
opportunity to use it in clastic beach environments with any grain size distribution
(Babineaux, 2012). In addition to being an inert aggregate for nourishment, the use of
cullet as an alternative to dredging would designate a specific use for this post-consumer
material and would help to raise public awareness concerning the importance of local
proactive recycling programs and reducing the amount of glass products found in
landfills (Babineaux, 2012; Makowski et al, 2007).
Previous studies show cullet and beach sand are comparable based on both
general and physical characteristics and has potential applications for beach management
(Babineaux, 2012; Kerwin, 1997; Makowski & Rusenko, 2007). It has also been shown
that cullet is a benign material in which survivability of marine flora and fauna is not
affected, thus making it a considerably biologically safe alternative material for marine
sediments (Makowski & Rusenko, 2007). A portion of this dissertation investigates the
survivability of terrestrial fauna and microorganisms. It has also been found to be a viable
sea turtle nesting substrate and a suitable dune-fill material and angularity of the grains
may help dune grasses anchor into substrate (Makowski et al., 2008; Makowski et al,
2013). The angularity of the grains aides in the dune grass sustainability in the cullet
system.
It is important to note historical and accidental occurrences of glass within beach
ecosystems (Figure 1.1). For example, in the early part of the 20th century, Fort Bragg in
California was once a place where locals dumped their household trash over the cliffs.
3

This trash included glass, appliances, vehicles (Kim, 2006). In the 1960s, the area was
closed to dumping and cleanup programs were put in place to reduce the size of the trash
piles (Kim, 2006). Since then, the waves have pounded the coastline and have worn down
the materials that were thrown on the beach, producing small, smooth pieces of sea glass
(Figure 1.2).

Figure 1.1

Image of beach environment in Fort Bragg, CA.

Note the pelican. Photo provided by Brenda Kirkland.
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Figure 1.2

Close-up image of the sediments in Figure 1.1.

Note the abundance of sea glass mixed into the natural substrate. Photo provided by
Brenda Kirkland.
1.2

Intellectual Merit
The use of cullet in restoration of beach systems is a concept worthy of further

exploration. Human tampering with natural environments has a long history of
catastrophe and is therefore worthy of extensive cautious and continuous research at
every level from the smallest microbe to the largest marine mammal. Exploration of the
modeled behavior of beach systems with increasing sand is potentially applicable in other
settings, such as wetlands and marshes. Finally, assessment of understanding is the first
step towards full education of coastal citizens about the use of cullet in beach
replenishment and nourishment practices.
The understanding of what grows on sand and cullet under the same conditions
shows similar assemblages thrive. This is a key factor because with the same or similar
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assemblages growing on different types of grains, then using cullet as a replacement or
alternative materials is considered an ecologically and environmentally safe option.
The public opinion surveys show a need for an educational program about coastal
erosion and associated issues, the glass recycling process, potential uses for glass, and
detrimental effects of dredging for sediments in river, bay, or continental shelf
environments. The surveys also show the need for hands-on curriculum in the proposal of
an educational program.
The development and use of a coastal model utilizing morphological
characteristics of individual grains, such as hardness and grain size distribution,
throughout the life of a nourishment project as opposed to just initial volume and grain
size, is beneficial to coastal managers in determining the lifespan of a nourished beach.
The use of this model could usher the use of cullet in other environments, such as bays,
lakes, rivers, and wetlands. The comparative use of this model will help to: (1) determine
if cullet moves through the system in the same manner as native sands, (2) educate the
public of what happens to the materials used in nourished beaches, (3) aid contractors,
coastal managers and industrial companies with how often nourishment would need to
occur based on the materials they choose to use and (4) aid in prediction of how
sediments will move through the system with a significant rise or drop in sea level,
especially in the Gulf Coast region.
1.3

Broader Impacts
The use of cullet for nourishing a beach could have a positive effect on micro-

and macro-environments of the continental shelf by reducing dredging. Beyond that, the
extensive use of cullet in this manner could create a greater market for recycled glass.
6

Increased recycling, and more scenic beaches will positively impact the economy for
coastal areas. The use of cullet in these instances will also pave the way for the use of
glass-sourced aggregates in other systems. Furthermore, this research may prompt
development of other potential uses for recycled glass, such as for sand bags in areas
affected by storm surge or flooding. In a world of rising sea levels, it is important to have
a source of sand compatible for beach nourishments, or to be used as a source of sand for
things like sand bags or man-made coastal structures to help protect coastal communities
from flooding, storm surge, and sea level rise.
The idea of using cullet on beaches could bring more money into the economy of
coastal areas because it could be considered a novelty to the area – designer beaches.
Similar to Glass Beach, California where beachgoers visit the area specifically for the sea
glass, the idea of having a beach made entirely of cullet could potentially add to the
novelty of an area, bringing in more profit for the area.
The implementation of using cullet for beach sand would allow the glass
recycling loop to be closed and would allow for a new use for recycled glass. The EPA
estimates that approximately 75% of household waste is recyclable, but only about 30%
is eventually recycled. In 2013, about 5% of the total household was glass (EPA, 2014).
Using recycled glass for cullet could reduce the total amount of waste.
1.4

Overall Research Goal and Research objectives
This dissertation employs sample collection processes, sediment analysis, data

analysis, surveys, and educational program development to allow the public to gain a
thorough understanding of the potential uses for cullet in relation to the coastal
environment. The overall goal of this research is to assess the suitability of the use of
7

cullet as an alternative aggregate to dredged sand in beach nourishment projects, and to
educate the public about the potential uses for cullet as it relates to coastal erosion. The
objectives of this research are as follows:

1.5

•

Project 1: Effects on Biota (SEM) Determine if what grows on sand will
also grow on cullet in the same environment

•

Project 2: Public Opinion (Surveys) Determine the public’s perception on
the use of cullet in coastal environments

•

Project 3: Model and Associated Variables (Model) Determine how grain
characteristics affect cullet distribution through the coastal environment as
compared to the natural beach sand

Research Hypotheses
Anticipated outcomes for these studies include the determination of: whether

incorporating cullet into a beach system would preserve a healthy, balanced ecosystem.
The individual project hypotheses are as follows:
•

Project 1: Effects on Biota (SEM): given the same environmental
parameters, similar assemblages and amounts of microorganisms will
grow on both natural quartz and cullet substrates.

•

Project 2: Public Opinion (Surveys): There is a need for a public education
program relating to the use of cullet in beach nourishment projects.

•

Project 3: Model and Associated Variables (Model): cullet will move as
efficiently as a natural sand system under similar conditions based on
specific grain characteristics and size distributions.

8

CHAPTER II
EFFECTS ON BIOTA

2.1

Abstract
Replenishing beaches and coastlines is a common practice in mitigating the

effects of coastal erosion. A geologically compatible aggregate, known as cullet, made of
recycled glass crushed to a size comparable with beach sediments, has been suggested for
use in beach replenishment and nourishment practices instead of dredged sands. The
geologic compatibility of cullet to beach sand relies heavily on the comparison of
physical characteristics of the grains including size, shape, angularity, and composition.
Another comparison of note should be the ecological compatibility, which compares the
microorganisms that naturally exist on a sand grain to the microorganisms that occur on
cullet in the same environment. The tested hypothesis was that given the same
environmental parameters, similar assemblages and amounts of microorganisms will
grow on both cullet and quartz dominated beach sand. The cullet and sand assessed for
this study were taken from another experiment involving a small habitat for arthropods,
which had been set up to determine whether the health and vitality of these organisms are
affected. The impact of incorporation was assessed through the analysis of the vitality of
biota introduced to sediment samples with incrementally increasing sand-to-cullet ratios
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in a controlled environment. This study concluded that microbiota is present in equal
quantities on cullet surfaces and natural sand surfaces.
2.2

Introduction
Erosion is a problem threatening coastlines worldwide. The full scope of coastal

erosion problems has become evident after many years of study. These problems include
but are not limited to loss of incoming sediments due to levees and dams, disruption of
sediment by development, loss of coastline to sea level rise, loss to storms, and storm
surge (Davidson-Arnott, 2010).
One temporary way to mitigate the effects of coastal erosion is beach
nourishment, which is defined as the process of mechanically or hydraulically placing
sand directly on an eroding shore to restore or form, and subsequently maintain, an
adequate protective, or recreational beach (Speybroeck et al, 2006). In addition to a
variety of civil engineering applications, cullet - crushed recycled glass from pebble to
clay size grains (Figure 2.1), has been suggested as a geologically compatible supplement
for natural sand in the effort to combat shoreline erosion and the reclamation of beaches
(HDR Engineering, 1997; Foye, 2005). In addition to being an environmentally friendly
aggregate for coastal nourishment, the use of cullet as an alternative to dredging would
designate a specific use for this post-consumer material and would help to raise public
awareness concerning the importance of local proactive recycling programs (Makowski
& Rusenko, 2007).
Previous studies have shown that cullet is a biologically benign material in which
survivability of marine flora and fauna is not affected; it is considered a biologically safe
alternative for marine sediments (Makowski & Rusenko, 2007). With the concern for the
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nesting environments of endangered species, Makowski et al. (2008) showed that cullet is
a viable sea turtle nesting substrate. This study analyzes the presence of microbes on
samples of cullet and sand that were previously exposed to similar environmental
controls.

Figure 2.1

Image of recycled glass cullet before sieving.

Note the variation in grain sizes.

Sediment analysis shows the average size of locally sourced cullet is comparable
to the average grain size for the sand from the Gulf Coast (Babineaux, 2012). Based on
characteristics such as composition, color, mean grain size, sorting distribution and grain
morphology, cullet is compatible with natural quartz sand (Kerwin, 1997; Komar, 1976;
11

Babineaux, 2012). Based on the properties of the individual glass grains in comparison to
the natural dune sand, it has also been found that cullet is a suitable dune-fill material
with the subtle difference in angularity of the grains allowing for a slightly elevated
interstitial water retention capability allowing for a higher moisture content and
stabilization of the vegetation (Makowski et al., 2013).
The use of cullet as an alternative aggregate in beach nourishment projects has not yet
been tested on the Mississippi Gulf Coast. The factors that affect the use of cullet in these
environments includes the compatibility of the glass to the natural beach sand, whether
macro- and microorganisms could thrive in a fully cullet environment, and public
acceptance. Glass has many potential uses, including being used as an alternative
aggregate for beach sand in replenishment projects (Foye, 2005). The potential use of
cullet as an alternative beach replenishment aggregate would close the recycling loop and
reduce the amount of glass products found in landfills.
The focus of this project is to analyze the effects of a cullet environment on hermit
crabs, and microorganisms as compared to that of a natural sand beach. The objectives of
this study are to:
•

Determine whether the use of glass cullet is an ecologically feasible
alternative aggregate for beach replenishment at the macro- and microscale by monitoring both hermit crabs and microorganisms.

•

Through scanning electron microscopy (SEM) analysis, determine general
physical characteristics of sand and cullet grains and assess accumulations
of microorganisms present on both types of grains in the same
environment.

•

Determine if the relative volume of sand to cullet ratio would affect microand macro-organisms. Because a beach is nourished with cullet as a sand
replacement might experience a variation in the volume of cullet to sand
across the environment.
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This study analyzed the effect of cullet incorporated into sandy ecosystems of
terrestrial hermit crabs and address whether the same microorganisms that grow naturally
on beach sand will grow on cullet. The goal/impacts of this study will show if cullet is
compatible with natural beach sand found in Mississippi on a variety of scales, as well as,
identify whether there is a need for analysis of how other biota or environments might be
affected by its use.
2.3
2.3.1

Methods
IACUC request and approval for use of hermit crabs
For this study, terrestrial hermit crabs were used to determine survivability of

fauna in an environment containing varying amounts of cullet. Due to the nature of using
living organisms, the approval of the Institutional Animal Care and Use Committee
(IACUC) was sought to determine if a protocol was required (Appendix A). IACUC does
not have a required protocol for invertebrates, therefore an IACUC protocol was not
required. Standard care was employed.
2.3.2

Hermit crab identification and care
For this study, both Caribbean Hermit Crab (Coenobita clypeatus) and the

Ecuadorian Hermit Crab (Coenobita compressus) were used. These species were
specifically chosen for this study as they have distributions in the Southeastern United
States and prefer both moist and dry sandy environments and can be found as far as 1km
inland (Burggren & McMahon, 1988). The hermit crabs were obtained from the local pet
store who ordered them from Sun Pet, Ltd.
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General husbandry employed as summarized from the Hermit Crab Association
(Wise & Hamilla, 2017) is as follows:
•

Enclosure: minimum 10-gallon aquarium for smaller hermit crabs,
increasing size as the crabs grow.

•

Climate: temperatures of 80 – 85 degrees and humidity of at least 75%

•

Substrate: Children's Playsand (silica based) or cocofiber, or a mix of the
two can be used. It must be kept moistened and should be at least three
times deeper than the crab is big. In this study, no cocofiber was used.

•

Water: both fresh and salt water bowls are required and should be deep
enough for the hermit crabs to submerge.

•

Diet: fruit and protein daily with the occasional addition of vegetables and
plant matter.

•

Molting: hermit crabs bury themselves and do not return to surface until
fully molted which can take weeks to months.

•

Shells: 3 to 5 species appropriate shells per crab that are slightly larger
than the currently inhabited shell.

The hermit crabs were fed and watered daily, and the general health of the hermit
crabs was analyzed weekly. This included the amount of food and water consumed, the
maintenance of appropriate climate controls, monitoring growth and movement between
shells of larger sizes, and molting practices.

2.3.3

Sediment acquisition and preparation
The sand for this project was collected on the beach in Biloxi, Mississippi. The

surface sand accommodated the need for the aquarium portion of this project. However,
to collect the cullet for this project, a small glass recycling drive was put in place in the
Geosciences Department of Mississippi State University. The drive collected enough
glass bottles and containers to crush into glass cullet. Reverse Osmosis Distilled (RO/DI)
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water was used to wash impurities from the surface of the sand and cullet before being
used in other portions of this project.
The glass containers were washed using RO/DI water before being broken into
smaller pieces. The smaller pieces were then placed in the crusher. The glass was crushed
to sand sized grains using a rock crushing machine. The grains were then sieved to get a
relative grain size distribution that is comparable to that of the beach in Biloxi, MS. The
sieved glass grains were then used for this and other projects in this dissertation.
2.3.4

Aquarium Set Up
To test the effects on biota health, cullet was purposefully placed into a simulated

beach ecosystem. The environment was simulated using three 10-gallon aquariums with
varying amounts of sand and cullet. The general health of the hermit crabs was analyzed
on a weekly basis.
The setup for this project includes three aquaria, each with varying amounts of
cullet and sand (Figure 2.2). Each aquarium will also house three terrestrial hermit crabs,
the species of which are compatible to what one could find naturally on the Gulf Coast
(Figure 2.3). Table 1 shows the aquarium setups with varying amounts of sand and cullet.
Each aquarium setup housed three terrestrial hermit crabs.
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Figure 2.2

Images of the varying amounts of cullet to sand ratio. (a) 100% beach sand
from Biloxi, MS; (b) 50% beach sand to 50% cullet; (c) 100% cullet.

Figure 2.3

Image showing the aquarium setup.

Note the location of the three hermit crabs in the aquarium: one in water bowl, one in left
corner or aquarium, and one in right corner of aquarium.
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Table 2.1

Aquarium substrate compositions

Aquarium
1
2
3

Substrate Composition
% Sand
% Cullet
100
0
50
50
0
100

# of hermit crabs
3
3
3

Samples from this study were collected and analyzed using SEM to determine
whether the same microorganisms will grow on both sand and cullet. Sample collection
includes pipetting a small amount of grains from each aquarium and placing them into
sample jars with sea water for a period of 48 hours.

2.3.5

•

Control: dry sand and cullet that was not placed in an aquarium

•

Control: dry sand and cullet sprayed with a probiotic (only sample with
probiotic)

•

Wet sand and cullet from Aquarium 1exposed to hermit crabs

•

Wet sand not exposed to hermit crabs

•

Wet sand and cullet from Aquarium 2 exposed to hermit crabs

•

50/50 sand-cullet sample not exposed to hermit crabs

•

Wet sand and cullet from Aquarium 3 exposed to hermit crabs

•

Wet cullet not exposed to hermit crabs

•

Dry cullet from Aquarium 3 – collected near salt water dish

•

Dry cullet from Aquarium 3 – collected near fresh water dish

•

Dry cullet from Aquarium 3 – collected from a hole dug by hermit crab

Microscope analysis

Microscope analysis is intended to show general and surficial morphological
characteristics of both the natural sand and cullet grains, including color, size, and shape.
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The samples collected and used for this analysis include general amounts of the following
percentages: 100% sand, 50% sand/50% cullet, and 100% cullet. The microscopes used
for this analysis include a polarizing light microscope. These samples were collected
prior to the presence of terrestrial hermit crabs.
In order to observe color of the grains, 100 grams of Biloxi sand were measured
and placed next to the same amount of cullet grains of the same size. The sand and cullet
were sieved using standard sieve sizes (Table 2.2). The analyzed samples were of the no.
80 sieve size. The grains were then mixed together.
Table 2.2

Grain size comparison chart modified from the Wentworth Scale
(Babineaux, 2012).

Sieve #
7
10
20
40
60
80
100

2.3.6

US Standard Sieve Series
Opening Size
Microns Millimeters
Inches
Phi Value
2830
2.830
0.1110
-1.50
2000
2.000
0.0787
-1.00
841
0.841
0.0331
0.25
420
0.420
0.0165
1.25
250
0.250
0.0098
2.00
177
0.177
0.0020
2.50
149
0.149
0.0059
2.75

Wentworth Size
Granule
Coarse Sand
Medium Sand
Fine Sand

SEM analysis
Samples collected were prepared for Scanning Electron Microscopy following the

protocol put forth by the Mississippi State University Institute for Imaging and Analytical
Techniques (I2AT). The samples were chosen and mounted on labeled steel stubs.
Samples were chosen based on their location in the aquarium as noted above. All samples
were placed in a drying oven to completely dry out the specimens before being mounted
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on steel stubs and coated with platinum. The mounting process included sprinkling
individual grains onto double sided carbon tape attached to the stub. Each stub is labeled
and numbered to appropriately reflect the aquarium and location from which the sample
was taken. The samples were then coated with a 30 μm layer of platinum (Pt) using an
EMS 150T ES high resolution sputter coater (Figure 2.4).

Figure 2.4

Sediment sample in the Polaron SEM coating system.

The samples were then placed into the JEOL JSM-6500F Field Emission
Scanning Electron Microscope. Images of the individual sand and cullet grains were
taken at the same sequential series of magnifications, ranging from 30x to 20,000x at 5kV
for every sample so that samples of various compositions can be compared at the same
magnification.
To determine the amount of organic matter present in each sample, calculations of
bacterial assemblages were performed on images of both sand and cullet sediments using
a digital method. For this method, the images were mapped using the program ImageJ™.
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ImageJ™ allows for a scale to be applied to an imported image of sediments. An overlay
of polygons can then be created by tracing the areas presumed to be organic matter.
ImageJ™ is then able to calculate area occupied by the organic matter. The dimensions
of the polygons in this overlay is then recorded in a table in which area statistics are
automatically calculated. These area statistics were added together and then subtracted
from the total area of the image giving an amount of organic growth which can then be
compared to the same measurements of other images.
2.4

Results

2.4.1.1

Aquarium observations
The hermit crabs in each aquarium all died at different times. One hermit crab,

living in the 100% cullet environment, survived for the duration of the experiment
(Figure 2.5). Table 2.3 shows the survivability of terrestrial hermit crabs in the varying
amounts of sand and cullet. Overall, terrestrial hermit crabs seem to not be affected by a
100% cullet environment. This result is consistent with previous studies on other
terrestrial crab species (Makowski & Rusenko, 2007).
Table 2.3

Hermit crab survivability

100% sand
3(0)

50/50 sand/cullet
3(0)
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100% cullet
3(1)

Figure 2.5

Image of last surviving hermit crab deeply nestled in a burrow

The composition of the substrate in the image is 100% cullet.
2.4.1.2

Microscope
The main observations made using microscope analysis were whether one could

determine the morphological variations between sand and cullet. The observations of note
were color, size, shape, and surface degradation (Figures2. 6 through 2.10). These
morphological and surficial variations are also confirmed using SEM.
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Figure 2.6

Image showing the n0. 80 sieve grains of the Biloxi sand (left) and the
cullet grains (right).

Note the color variance of the two materials. The cullet is darker because the color of the
glass bottles was brown.

Figure 2.7

Image showing the mixing of the grains

Note that once the grains are mixed, it is difficult to determine the sand from the cullet
grains.
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Figure 2.8

Microscope image of a 100% Biloxi sand sample

Note the conformity of the size and shape of the grains. Almost all of the grains are fairly
rounded. The lines on the ruler are 1 mm apart.

Figure 2.9

Microscope image of a 50% sand/50% cullet mixture.

Note the conformity of the size of sediment grains. Upon close inspections, the angularity
of cullet grains is distinguishable amongst the rounded sand grains. The lines on the ruler
are 1mm apart.
23

Figure 2.10

Microscope image of a 100% cullet sediment sample

Note the high angularity of the individual grains. The lines on the ruler are 1 mm apart.

2.4.1.3

SEM
Scanning electron microscopy was used to analyze sediment grains from

aquariums used in this study. The focus of the SEM analysis was to identify
morphological characteristics of both sand and cullet, as well as whether similar amounts
of organic matter were present on both sand and cullet grains from the same aquarium.
At each magnification, visual differences are present and distinguish a sand or
cullet grain from each other. For example, at both 6,000x and 10,000x magnification at
5kV surficial differences between sand and glass grains can be seen (Figures 2.11
through 2.14). The sand grains have a smoother surface, whereas the cullet grains have a
smooth surface with visible conchoidal fracture. At each magnification, visual differences
are present and distinguish a sand or cullet grain from organic matter. Grains have
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smooth surfaces with conchoidal fracture patterns. Organic matter is found in
filamentous, bacilliform, or coccoid shapes and is associated with filaments of
extracellular polysaccharide biofilm (EPS) as well as nanometer-scale spherical to subspherical structures.

Figure 2.11

SEM micrograph of a sand grain at 6,000x magnification.

Note the grain surface and presence of organic matter.
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Figure 2.12

SEM micrograph of a sand grain at 10,000x magnification.

Note the grain surface and the presence of organic matter.

Figure 2.13

SEM micrograph of a cullet grain at 6,000x magnification.

Note the grain surface, conchoidal fracture, and potential bacteria-like material.
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Figure 2.14

SEM micrograph of a cullet grain at 10,000x magnification.

Note the grain surface and conchoidal fracture.

SEM micrographs showing the comparison of sediments with and without
exposure to the hermit crabs were also recorded. The presence of the living organisms
allows for more organic growth as compared to significantly less organic growth for
sediments not exposed to the hermit crabs (Figure 2.15 and 2.16). However, not to the
same extent, the same phenomena can be seen with sand grains that were under the same
circumstances – exposed to hermit crabs and not exposed (Figure 2.17 and 2.18).
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Figure 2.15

SEM micrograph of the surface of a cullet grain that was not exposed to
living organisms at 6,000x magnification.

Figure 2.16

SEM micrograph of a cullet grain that was exposed to living organisms at
6,000x magnification.

Note the presence of organic growth.
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Figure 2.17

SEM micrograph of sand grain exposed to living organisms at 6,000x
magnification

Figure 2.18

SEM micrograph of a sand grain not exposed to living organisms at 6,000x
magnification.

Note the presence of organic material on an otherwise smooth surface.
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2.4.1.4

ImageJ
Select SEM micrographs were imported into ImageJ for surface analysis of the

presence of organic matter. Comparisons made include:1) cullet with hermit crabs versus
cullet without (Figure2.19 and 2.20), and 2) sand with hermit crabs versus sand without
(Figure 2.21 and 2.22).

Figure 2.19

SEM micrograph of cullet grain not exposed to living organisms with
ImageJ areas highlighted.

Note the areas outlined in yellow. These areas are assumed to be organic matter.
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Figure 2.20

SEM micrograph of a cullet grain exposed to living organisms with ImageJ
areas highlighted.

Note the abundance of areas outlined in yellow. These areas are assumed to be organic
matter.
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Figure 2.21

SEM micrograph of a sand grain exposed to living organisms with ImageJ
areas highlighted.

Note the areas assumed to be organic materials outlined in yellow.

Figure 2.22

SEM micrograph of a sand grain not exposed to living organism with
ImageJ areas highlighted.

Note the areas assumed to be organic materials outline in yellow.
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2.5
2.5.1.1

Discussion
Aquarium experiment
Overall, the aquarium portion of this project produced inconclusive results based

on environmental factors. The basic environmental controls needed for the ideal hermit
crab environment is difficult to maintain in a dry, rock-cutting lab. A proposed solution to
this issue would be to perform this experiment for a longer amount of time in an
environment that can be under more consistent and ideal controls.
Further analysis is recommended using a larger data set of both terrestrial and
marine species because basic environmental controls are difficult to maintain in a lab and
the experiment failed. However, the hermit crabs used in this study seem to not be
affected by an environment of 100% cullet. The organisms used in this study were
specifically chosen because their habitat is a natural sandy beach.
2.5.1.2

Microscope
Although the grain size and shape are important morphological characteristics that

are critical to determining whether the use of cullet is a viable option across
environments, the color of the grains also mediates the amount of heat retained by surface
materials. Prior to the mixing of the sand and cullet grains, a color variance is easily
visible between the two materials (Figure 2.6). Upon mixing the sand and cullet grains,
one can see that the color of the grains is insignificant and undistinguishable to the naked
eye (Figure 2.7). The color of the grains can also be seen in Figures 2.8, 2.9, and 2.10.
Upon closer observation of the 50% sand/50% cullet mix, very slight color variations are
noticeable, but insignificant as compared to larger sizes of cullet as seen in Figure 1.
Therefore, the material’s color brightness is lost as the material becomes finer in grain
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size. Color can be a vital aspect of a material used in nourishment projects. Babineaux
(2012) performed a spectral study using an Analytical Spectral Device (ASD) to show
how the light spectrum is emitted from a material. The color of the material can affect the
albedo of the material thus altering the temperature of the surface in an environment. It is
recommended to perform an in-depth ASD study on these materials on both the large and
small scale.
At the microscopic scale, morphological characteristics of both sediments are
evident and similar amounts of microorganisms and organic matter are present on both
the cullet and sand grains. Morphological characteristics of the sand and glass grains are
an important aspect of the sediments being used in potential nourishment practices. The
survivability of organic matter and microorganisms on both sediments is also important
in the continued viability of an environment and ecosystem. Figures 2.8, 2.9, and 2.10
show the individual grains. In these images, size and shape are visible. It is important to
note the conformity of both size and shape across the three images. The shape of the sand
grains is more rounded, while the cullet grains are significantly more angular. This
supports the fact that glass can be crushed to any grain size and can be incorporated into
specific grain size distributions. In both the images of 100% sand and 100% cullet,
conchoidal fracture is evident. Angularity of the cullet was a concern for the hermit crabs,
but the study was unable to isolate that as a factor.
2.5.1.3

SEM
Qualitative SEM analysis of sand and cullet shows visible differences of the

individual grains. At the same magnifications, individual grains of both materials show
surficial features such as conchoidal fracture and organic growth. Images A.4 and A.5
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show the shape of the sand and cullet grains respectively. The cullet grains have a higher
degree of angularity than the sand grains. It is important to note here that the sand grains
in Image A.4 show some degree of angularity based on the nature of its composition
being silica.
Image A.6 shows the conchoidal fracture of a cullet grain at 6,000x
magnification. This image also shows some organic growth on the surface of the grain.
Image A.7 shows a silica sand grain at 6,000x magnification. Note the diatom frustule
and some organic growth on the surface of the grain.
SEM shows that similar assemblages and amounts of microbial growth and
organic matter occur on both substrates. Figures 2.15 and 2.16 shows the surface of two
cullet grains – one exposed to hermit crabs and one not exposed. The presence of a living
organism allows for the growth of organic and/or bacterial assemblages. However,
Figures 2.17 and 2.18 shows some organic growth on both the exposed and unexposed
sand sediments. This could be due to a variety of factors and suggests that
microorganisms are compatible with cullet in wet environments, such as the hermit crab
habitats, but are also present in dry cullet.
2.5.1.4

ImageJ
The SEM micrographs previously discussed were also processed through Image J.

The processing of these images shows just how much surface area is taken up by what is
assumed to be organic matter.
Figures 2.19 and 2.20 show the cullet grains at 6,000x magnification. There is a
small amount of what is assumed to be organic matter in the sample not exposed to the
hermit crabs as compared to the sample that was exposed. The exposed sample shows
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long, linear matter that traverses a large surface area. Also, in the image of the exposed
sample, an area of encrusting matter is apparent.
Figures 2.21 and 2.22 show the sand grains at 6,000x magnification. In both the
exposed and unexposed samples, some level of what is assumed to be organic matter
appears to be growing on the surface. As previously stated, the presence of the organic
matter in both samples could be due to a variety of factors, including human error.
2.6

Conclusions
Overall, cullet is a viable alternative to dredged sand in beach nourishment

projects and the results of this study agree with previous studies. Further analysis of
cullet compatibility with biota is recommended on infauna organisms, including sandsifting or sand-dwelling organisms. For example, an organism accustomed to rounded
grains may not fare well in an environment composed of highly angular grains.
An in-depth albedo study on the color range of cullet relative to native beach
sediments is recommended. Studies on the use of cullet in other coastal habitats and
delicate ecosystems with varying energy systems is recommended.
Limitations to this research include the ages of the hermit crabs used and the
controls of the environmental setting. A continued study with a larger sample group of
similarly aged crabs in a more strictly controlled setting is recommended.
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CHAPTER III
PUBLIC OPINION SURVEYS
3.1

Abstract
The proposed use of cullet in beach environments as an alternative to dredged

sands is expected to be met with resistance. Cullet is a geologically compatible aggregate
made of crushed, recycled glass that can be manufactured to a size comparable to the
natural beach sediment distribution. The goal for this project was to determine what
attitudes or opinions regarding the presence and use of cullet in coastal environments and
determining a need for an educational program informing the public of issues associated
with coastal erosion, as well as, current and potential mitigation techniques. Public
opinion surveys were conducted to measure the level of acceptance of this concept and to
determine if there is a need to experience the material before its use can be accepted.
Initial resistance was anticipated, and the need for a tangible and haptic experience is
shown in the data. The data shows there is a need for an educational program geared
towards informing the public of coastal erosion effects and processes, as well as, the
materials used.
3.2

Introduction
The overall objective of this project was to determine the public’s perception of

the use of cullet in coastal environments and test the value of an educational program
with a tactile learning approach. Surveys were designed to identify the concerns of the
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public and those who utilize coastal areas for recreational and industrial uses, to explore
ways to educate the public about use of cullet for beach restoration, and to test the
validity of those educational pathways. Through this process, data were collected by
presenting a pre-survey to students in freshman-level introductory classes, a short lecture
and a hands-on demonstration were designed to teach about the potential uses and nature
of cullet. A post-survey was given to determine if attitudes are changed through
education, and whether key information was effectively conveyed. The goals of this
paper are to determine if there is a distinct concern with the use of alternative materials in
beach environments, determine if there is a need for an educational program to inform the
public about coastal processes, nourishment practices, and materials used.
Replenishing beaches and coastlines is a customary practice in mitigating the
effects of coastal erosion. Previous studies and research indicate that crushed, recycled
glass (cullet) is geologically compatible with beach sands and is suggested for use in
beach nourishments (Babineaux, 2012; GPI, 2018; Makowski and Rusenko, 2007). As
one example, the GLsand machine by Expleco is a specialty glass reduction machine that
converts glass bottles and containers into raw, glass sand and has a 90% volume
reduction rate that makes the bi-product (cullet) safe to handle (Expleco, 2017). This
“sand” could then be used for beach sand in nourishment practices. This process is being
embraced by other countries. Another example from New Zealand is DB Export that
created an instant bottle crushing machine that will turn bottles into sand substitute in
which they suggest placing directly onto beaches (DB Export, 2017).
The idea of using a material in coastal environments that usually garners a hazard
response could be met with resistance. This paper explores the educational steps needed
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to overcome that resistance and, explores the use of tactile learning. The touch sense is an
intimate sense that is most useful when we physically touch an object (Hultén et al.,
2009). It allows people to establish “a sense of form”, which tells us characteristics for an
object without the inherent need to physically touch it (Hultén et el., 2009). For example,
if you see a knife, you know it is sharp. Relative to sand-sized cullet, the touch sense
allows one to acquire a sense of form for crushed glass that it is not sharp and dangerous.
The reactions formed when one touches something are not only physical, but also
psychological, adding to our feelings and experiences (Hultén et al., 2009). For example,
if you were to cut yourself on a piece of broken glass, you may be opposed to the use of
cullet as a beach sand because of physical ties to the psychological stress of the pain from
the injury. Because memory is biased toward events that are recent, unusual, and
personally experienced, such events are most likely to drive people’s likelihood
judgements (Taylor et al., 2014; Morewedge et al., 2005).
Individuals have various levels of sensitivity and reliance on their touch sense,
making their motivation or preference to touch an object or material the most crucial
factor in determining their specific “need for touch” (Peck & Childers, 2003b).
Borrowing a concept from tactile marketing, touch as a part of learning about specific
materials used in beach nourishment projects has been explored. The “Need for Touch”
(NFT) scale is how individuals process and use information collected through the touch
sense (haptic response) which is preferentially based on motivational differences over
ability (Peck & Childers, 2003a). Individuals experience different preferences for sensory
information, thus the prominence of haptic response is solely dependent on the individual
in question. (Peck & Childers, 2003b). For example, touch is more important for some
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and touch-oriented people are more likely to use this information when deciding if they
would buy a specific object (Peck & Childers, 2003b), or in the case of cullet, determine
whether they would interact with the material on a beach. For both touch- and non-touchoriented individuals a touch experience can positively affect the perception of a product
in situations where product-related information is missing (Hultén et al., 2009). If the
hedonic aspects of touch can increase persuasion, the use of touch in marketing may be
more broadly applicable in marketing than previously believed (Peck & Wiggins, 2006),
especially in respect to the use of cullet as an alternative aggregate in beach nourishment
practices.
Tactile marketing deepens and clarifies the interaction between a firm and its
consumers on a personal level (Hultén et al., 2009). The opportunity to touch products
has been shown to have a persuasive influence on customers’ attitudes and behavior
(Peck & Wiggins, 2006). Touching has been found to increase attitudes and to increase
the confidence in the evaluation of these products (Peck & Wiggins, 2006; Peck &
Childers, 2003b). This can be inferred as a variety of the points on the NFT scale as
follows (Peck & Childers, 2003a):
•

“When walking through stores, I can’t help touching all kinds of
products.”

•

“I place more trust in products that can be touched before purchase.”

•

“I feel more comfortable purchasing a product after physically examining
it.”

•

“I feel more confident making a purchase after touching a product.”

•

“When browsing in stores, it is important for me to handle all kinds of
products.”
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As a marketing example, if a beach is considered as a marketable product, the sand would
be the surface of that product that can be touched. Using the NFT scale here as an
example would imply that touching the sand would allow someone who needs the tactile
experience in deciding about that beach as somewhere they would want to visit. In the
case of cullet, it can be marketed as a “new” sand in areas where nourished beaches may
be losing tourism. Giving people the opportunity to physically experience this material
(cullet) through touch, their perception of the material as a hazardous material may
change. Allowing the consumer to feel both cullet and the natural sand may even further
help in the decision or deepen the perception that cullet is a viable alternative to natural
sand.
3.3

Methods
The use of tactile marketing techniques is a unique perspective in understanding

how people think about the materials they are in contact with while on a beach or in a
coastal environment. To test the importance of an educational program and touch in a
survey, in-person surveys and a tactile demonstration were conducted in addition to
online surveys.
3.3.1

In person surveys
For the in-person surveys, instructor permission was acquired, and a time was

scheduled. The in-person surveys consisted of a two-part survey across two class
meetings. Day 1 consisted of an 8-page pre-survey, a short 15-minute presentation, and a
tactile demonstration. Day 2 consisted of the post-survey.
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3.3.1.1

Pre-survey
The pre-survey contained 49 questions, including multiple choice, text entry, and

Likert-type questions (Appendix B). The questions in this survey were asked to better
understand the respondent’s: 1) familiarity with terms associated with coastal
environments, 2) likeliness of researching a beach material, 3) comfort level of visiting a
beach made with specific materials, 4) level of agreement with statements regarding the
use of glass, 5) level of concern, 6) opinion on specific beach materials, and 7) sociodemographic characteristics (Table 3.1).
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Table 3.1

Pre-survey questions
•

Familiarity

•

Likeliness

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Comfort

Level of
Agreement

•
•

Concern

•
•

Materials

Demographics

3.3.1.2

•
•
•
•
•
•
•

How would you rate your familiarity with the following terms: Coastal
erosion, Beach restoration, Dredging, Beach replenishment, Glass
recycling, Construction, Sea level rise
How likely would prior knowledge of beach material determine if you
visit a specific beach?
How likely would a certain material determine if you visit a specific
beach?
How likely are you to research a beach material prior to visiting?
How likely are you to recycle glass?
How likely are you to visit a beach made entirely of this material?
How safe do you think the material is?
How comfortable would you be with interacting with this material?
How likely would this material discourage you from visiting?
I think glass could be safely used as a beach material.
I would visit a beach made entirely of glass.
I would visit a beach made partially of glass.
I think a beach made of glass is a novelty.
I think glass can be used on a beach safely.
I would visit a beach with glass on it.
I think glass on a beach is dangerous.
I think glass can be recycled into a safe beach material.
I do not think glass should be used as a beach material.
I would be interested in learning more about recycling glass into beach
materials.
I believe recycling glass is generally a good thing.
What level of concern do you have regarding glass on a beach in
general?
What level on concern do you have regarding glass being used as a
beach material?
Which of the following materials would you consider to be a safe option
for beach material?
Have you ever lived in a coastal area? If so, how long?
Would you ever consider living in a coastal area?
In which zip code is your CURRENT household?
In which zip code is your PERMANENT household?
What is your age?
Which coastal areas have you visited?
From which source do you obtain the most information on coastal and
environmental issues?

Presentation and tactile demonstration
After the pre-survey was taken, the surveys were collected, and a brief 15-minute

presentation was presented to the respondents. The presentation consisted of information
relating to coastlines and sea level rise, sand being used as resource, eroding beaches,
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beach nourishment practices, the use of alternative materials and a possible solution using
glass cullet, as well as a brief mention of natural occurrences of glass in beach
environments (Appendix B). The focus of the presentation was to introduce the
respondents to the idea of using glass cullet in beach environments.
After the presentation, the respondents were given an opportunity to touch and
visually compare a natural beach sand collected from Biloxi, Mississippi to a variety of
grain sizes of glass cullet. The materials were presented in small Ziploc bags and petri
dishes. The respondents were encouraged to experience the materials through touch and
visual analysis to form an opinion of the materials. The importance of the tactile
demonstration is to show whether the respondents change their opinion of glass being
used as a beach material from pre- to post-survey. If the respondent’s opinion changes,
then it will show the effectiveness of tactile demonstration relative to the use of
alternative materials in beach nourishment practices.
3.3.1.3

Post-surveys
The post-survey contained 23 questions, including multiple choice, text entry, and

Likert-type questions. The questions in this survey were asked to better understand the
respondent’s: 1) level of agreement with statements regarding the use of glass, 2)
likeliness of researching a beach material, 3) level of concern, 4) opinion on specific
beach materials, and 5) socio-demographic characteristics (Table 3.2). Some of the
questions in the post-survey were identical to those in the pre-survey. The post survey
was given during the next class meeting.
Although the survey was given in the introductory geoscience classes, only a
small portion of the respondents were geoscience majors and other students in these
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classes were studying disciplines across the MSU campus with the heaviest
representation in business, education, and communication. Due to the age and education
level of the in-person respondents, these student samples come close to approximating
the general public but are not fully representative of the general public. The focus of this
part of the study was to determine if a tactile demonstration would change an individual’s
opinion of the use of glass as a beach material.
Table 3.2

Post-survey questions

Level of agreement

•
•
•
•
•
•
•
•
•

Likeliness

•
•

Concern

•
•
•
•

Materials

•

Demographics

•
•
•
•
•
•

I think glass could be safely used as a beach material.
I would visit a beach made entirely of glass.
I would visit a beach made partially of glass.
I think a beach made of glass is a novelty.
I think glass can be used on a beach safely.
I would visit a beach with glass on it.
I think glass on a beach is dangerous.
I think glass can be recycled into a safe beach material.
I would be interested in learning more about recycling glass into beach
materials.
How likely would prior knowledge of beach material determine if you
visit specific beach?
How likely would a certain material determine if you visit a specific
beach?
How likely are you to research a beach material prior to visiting?
How likely are you to recycle glass?
What level of concern do you have regarding glass on a beach in
general?
What level on concern do you have regarding glass being used as a
beach material?
Which of the following materials would you consider to be a safe option
for beach material?
Have you ever lived in a coastal area? If so, how long?
If no, would you ever consider living in a coastal area?
In which zip code is your CURRENT household?
In which zip code is your PERMANENT household?
Do you recycle glass?
What is your age?

IBM SPSS Statistics software was used to analyze all the responses produced by
the pre- and post-surveys. In order to test the significance of the difference between the
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pre- and post- survey responses, the variables were tested to determine if it was normally
distributed using the Descriptive Statistics and Explore functions. For normal
distributions, the pre- and post-surveys were then compared using paired samples t tests.
For non-normal distributions, the non-parametric Wilcoxan signed-rank test was used.
3.3.2

Online Surveys
The online surveys were generated using Qualtrics, a private online survey tool,

and then distributed using the social media platform Facebook Inc. Once the survey was
posted on my personal account, it was then shared by various people. Professors, students
(current and former), friends, and family helped to distribute the survey using Facebook.
A few people also shared the survey with others via email or within groups on Facebook.
Those that shared the survey also shared a brief description of the survey itself.
The online survey was identical to the in-person pre-survey, and contained 49
questions including multiple choice, text entry, and Likert-type questions (Table 3.1).
The difference between the in-person pre-survey and the online survey is the lack of the
presentation and tactile demonstration. This difference is important to show whether a
tactile demonstration and presentation are important in the development of an
individual’s opinion to the use of alternative materials in beach nourishment projects.
The online results are presented alongside the in-person survey responses and are
discussed as a representation of the public relative to the student response that is
represented by the in-person surveys.
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3.4

Results

3.4.1

Demographics
Demographic information was collected to better understand the survey sample.

For both sets of respondents (online and in-person) questions were asked about age,
current and permanent zip codes, coastal areas visited, and preferred information sources.
3.4.2

Ages
Results on the ages of the respondents were obtained from 194 for both the online

and in-person pre-survey, and 154 responses for the in-person post-survey (Table 3.3).
Overall, the online respondents had a wider range of ages, whereas the in-person
respondents were mostly in the “18 – 25 years” age group. This age disparity is most
likely due to the in-person surveys being given in the Introduction to Earth Science
classes, as opposed to being circulated online using social media.

Table 3.3

Ages of respondents

Age

Online

18 – 25 years
25 – 35 years
35 – 45 years
45 + years
Total

53 (27.32%)
46 (23.71%)
31 (15.98%)
62 (31.96%)
192 (100%)

3.4.3

In-person
Pre-Survey
187 (96.39%)
5 (2.58%)
2 (1.03%)
0 (0%)
194 (100%)

In-person
Post-Survey
147 (95.46%)
5 (3.25%)
2 (1.30%)
0 (0%)
154 (100%)

Zip codes
To better analyze the regional differences between the online and in-person

groups, respondents were asked about their current and permanent zip codes. To clarify,
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“current” meaning where they currently live, and “permanent” meaning where they call
home.
For example, a current zip code for an in-person respondent may be the location
of Mississippi State University in Starkville, Mississippi (39759), whereas, their
“permanent” zip code might be that of Scott, Louisiana (70583). In order to determine
whether a zip code was coastal or non-coastal, the zip codes were entered into Google
Maps to determine to which county or parish they were assigned. If the county was
within a 2-county buffer along the coast, then the zip code was classified as “coastal”;
whereas, if it was not within the 2-county buffer, then it was classified as “non-coastal”
using county maps for verification.
The responses to this question shows the range of where the respondent currently
resides and whether they currently live in a coastal area. Of the 190-online responses to
the “current” zip code question, 20% (38) of respondents currently live in a coastal area,
and the remaining 80% (152) respondents live in a non-coastal area (Table 3.4).
Of the 190-online responses to the “permanent” zip code question, 23.16% (44)
respondents have a permanent residence in a coastal area, and the remaining 76.84%
(146) of respondents have a permanent residence in a non-coastal area (Table 3.4). The
online respondents for both current and permanent zip codes have international responses
from India and Australia in addition to the responses within the United States.
Of the 186 In-person Pre-Survey responses to the “current” zip code question,
3.76% (7) of respondents currently live in a coastal area, and the remaining 96.24% (179)
of respondents currently live in a non-coastal area. Of the 186 In-person Pre-survey
responses to the “permanent” zip code question, 18.28% (34) of respondents have
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permanent residences in coastal and the remaining 81.72% (152) respondents have
permanent residences in non-coastal areas (Table 4). Of the 146 In-person Post-survey
respondents, 4.79% (7) of respondents currently live in a coastal area, and the remaining
95.21% (139) of respondents currently live in a non-coastal area. Of the 146 In-person
Pre-survey responses to the “permanent” zip code question, 18.49% (27) respondents
have permanent residences in coastal and the remaining 81.51% (119) of respondents
have permanent residences in non-coastal areas (Table 3.4). The disparity between the inperson responses for current zip codes being non-coastal over coastal, could be due to the
majority of the students living in the surrounding areas of the university. The disparity
between the in-person responses for permanent zip codes being non-coastal over coastal
could be due to other state universities being closer to coastal areas.
Table 3.4

Zip code responses

Online
Pre-survey
Post-survey

3.4.4

# of respondents
190
186
146

Current
Coastal
Non-coastal
38
152
7
179
7
139

Permanent
Coastal
Non-coastal
44
146
34
152
27
119

Coastal areas visited
Respondents were asked about the coastal areas they have visited in their lifetime

and could mark all the areas that applied (Table 3.5). The “Other” responses in both the
online and in-person groups included places such as Haiti, Japan, Iceland, India, Alaska,
Jordan, the Bahamas, Indonesia, Red Sea, Black Sea, the Great Lakes Beaches,
Antarctica, and the Mediterranean. The online group marked a total of 913 locations,
whereas the in-person group marked a total of 749 locations, indicating that the online
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group has traveled more. The three most commonly marked locations of “coastal areas
visited” among both groups were the Gulf Coast, the Atlantic coast of Florida, and
Georgia/Carolinas.
Table 3.5

Coastal areas visited by respondents

Location
Hawaiian Islands
Gulf Coast
Mid-Atlantic
Mexico
South America
Australia/New Zealand
Pacific Northwest
Atlantic coast of Florida
Northeastern United States
Caribbean Islands
Central America
Asia
California
Georgia/Carolinas
Canada
Pacific Islands
Europe
Africa
Other
Total # of respondents

3.4.5

Online
46 (23.96%)
170 (88.54%)
64 (33.33%)
63 (32.81%)
9 (4.69%)
11 (5.73%)
43 (22.40%)
92 (47.92%)
45 (23.44%)
67 (34.90%)
32 (16.67%)
16 (8.33%)
76 (39.58%)
85 (44.27%)
25 (13.02%)
9 (4.69%)
36 (18.75%)
9 (4.69%)
15 (7.81%)
192

In-person pre-survey
19 (10.00%)
180 (94.74%)
32 (16.84%)
58 (30.53%)
10 (5.26%)
3 (1.58%)
28 (14.74%)
101 (53.16%)
43 (22.63%)
53 (27.89%)
25 (13.16%)
6 (3.16%)
55 (28.95%)
72 (37.89%)
13 (6.84%)
9 (4.73%)
33 (17.37%)
6 (3.16%)
3 (1.58%)
190

Information sources
Respondents were asked about the source from which they obtain the most

information on coastal and environmental issues (Table 3.6). Both groups of respondents
were asked to mark only one, but most in-person respondents marked more than one.
The “Other” responses included: scientific journals, peer-reviewed articles, online news
services, YouTube, Reddit, local town discussions, Netflix documentaries, and scientific
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websites including National Weather Service (NWS) and National Oceanic and
Atmospheric Association (NOAA). The online group gets most of its information
(72.53%) on coastal and environmental issues from internet and web searches, social
media, and TV; whereas, the in-person group gets most of its information (76.50%) from
internet and web searches, social media, TV, and K-12 or higher education sources.
Table 3.6

3.4.6

Information sources of respondents
Information source

Online

Internet/web
Educational books
Social Media
TV
School
Radio
Newspaper
Friends
Other
Total # of respondents

90 (46.63%)
15 (7.77%)
25 (12.95%)
25 (12.95%)
12 (6.22%)
1 (0.52%)
8 (4.15%)
10 (5.18%)
7 (3.63%)
193

In-person
pre-survey
118 (61.14%)
26 (13.47%)
82 (42.49%)
79 (40.93%)
92 (47.67%)
12 (6.22%)
19 (9.84%)
50 (25.91%)
7 (3.63%)
193

Familiarity
Both groups of respondents were asked questions on how familiar they were with

specific terms relating to coastal environments and this study. There were between 239
and 242 recorded online responses to the familiarity questions (Table 3.7 and 3.8). There
were 194 recorded responses for the In-Person Pre-Survey (Table 3.9 and 3.10). Using
the end point determination that one (1) is “very familiar” and seven (7) is “not very
familiar”, data show that the online respondents were overall more familiar with the
presented terms.
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The online survey shows that the general population is: “familiar” to “somewhat
familiar” with coastal erosion; somewhat familiar with beach restoration; split between
“not very familiar” and “somewhat familiar” on dredging and beach replenishment;
“somewhat familiar” with glass recycling and construction; and “very familiar” with sea
level rise.
Table 3.7

Online respondent’s familiarity
1
33
(13.64%)
22
(9.09%)
20
(8.26%)
20
(8.26%)
30
(12.40%)

2
41
(16.94%)
35
(14.46%)
19
(7.85%)
21
(8.68%)
34
(14.05%)

3
43
(17.77%)
40
(16.53%)
53
(21.90%)
41
(16.94%)
40
(16.53%)

4
35
(14.46%)
37
(15.29%)
37
(15.29%)
43
(17.77%)
47
(19.42%)

5
31
(12.81%)
40
(16.53%)
35
(14.46%)
30
(12.40%)
34
(14.05%)

6
23
(9.50%)
34
(14.05%)
26
(10.74%)
38
(15.70%)
33
(13.64%)

7
36
(14.88%)
33
(13.64%)
50
(20.66%)
48
(19.83%)
22
(9.09%)

Construction

37
(15.29%)

44
(18.18%)

49
(20.25%)

42
(17.36%)

32
(13.22%)

26
(10.74%)

9
(3.72%)

Sea Level Rise

43
(17.77%)

52
(21.49%)

37
(15.29%)

39
(16.12%)

25
(10.33%)

22
(9.09%)

24
(9.92%)

Coastal
Erosion
Beach
Restoration
Dredging
Beach
Replenishment
Glass
Recycling

Table 3.8

Online familiarity statistics

Coastal Erosion
Beach Restoration
Dredging
Beach Replenishment
Glass Recycling
Construction
Sea Level Rise

N
242
241
240
241
240
239
242

Mean Response
3.84
4.13
4.36
4.44
3.87
3.43
3.47

Standard Deviation
1.980
1.879
1.905
1.906
1.836
1.711
1.924

The in-person pre-survey shows how familiar students are with the same topics
(Table 3.9 and 3.10). Here we see that students are: “not very familiar” with coastal
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erosion, beach restoration, dredging, and beach replenishment; and are only “somewhat
not familiar” with glass recycling, construction and sea level rise. Compared to the online
survey respondents, the students in the pre-survey are less familiar with these terms. This
may be due to when in the classes the surveys were given (early in the semester in Intro
to Earth Science classes), or the respondents age.
Table 3.9

In-person pre-survey respondents familiarity
1
15
(7.73%)
11
(5.67%)
19
(9.79%)
13
(6.70%)
14
(7.22%)

2
12
(6.19%)
20
(10.31%)
11
(5.67%)
13
(6.70%)
13
(6.70%)

3
24
(12.37%)
22
(11.34%)
16
(8.25%)
24
(12.37%)
44
(22.68%)

4
24
(12.37%)
32
(16.49%)
17
(8.76%)
24
(12.37%)
37
(19.07%)

5
41
(21.13%)
41
(21.13%)
18
(9.28%)
32
(16.49%)
26
13.40%)

6
35
(18.04%)
33
(17.01%)
27
(13.92%)
34
(17.53%)
30
(15.46%)

7
43
(22.16%)
35
(18.04%)
86
(44.33%)
54
(27.84%)
30
(15.46%)

Construction

27
(13.91%)

21
(10.82%)

36
(18.56%)

37
(19.07%)

31
(15.98%)

17
(8.76%)

25
(12.89%)

Sea Level Rise

21
(10.82%)

22
(11.34%)

41
(21.13%)

36
(18.56%)

26
(13.40%)

24
(12.37%)

24
(12.37%)

Coastal
Erosion
Beach
Restoration
Dredging
Beach
Replenishment
Glass
Recycling

Table 3.10

In-person familiarity statistics

Coastal Erosion
Beach Restoration
Dredging
Beach Replenishment
Glass Recycling
Construction
Sea Level Rise

N
194
194
194
193
194
194
194

Mean Response
4.76
4.60
5.21
4.90
4.33
3.90
3.99
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Standard Deviation
1.854
1.790
2.094
1.898
1.788
1.884
1.844

3.4.7

Likeliness to visit a site and to do prior research
Respondents were asked a series of questions on their likeliness to complete a

specific task. These questions include how likely is it that: prior knowledge would help
determine if they visited a specific beach, a certain beach material would determine
whether they visited a specific beach, they would do research on beach materials prior to
visiting a beach, and they are likely to recycle. The responses for the in-person pre- and
post-surveys were tested for normality using the skewness and kurtosis (Table 3.11). The
responses from pre- to post-survey were then analyzed using paired-samples t-tests to
determine the significance of the change (Table 3.12). Using the end point determinations
that one (1) is “very likely” and seven (7) is “not very likely”, data show that the
differences from pre- to post-survey of the likeliness questions are not all significant.
Data are mean ± standard deviation, unless otherwise stated.
Table 3.11

Tests for normality

Question
Prior knowledge
Beach material
Research
Recycle

Table 3.12

Skewness
0.311
0.158
0.267
-0.075

Z Skewness
1.5867
0.8061
1.3622
-0.3827

Kurtosis
-0.064
0.228
0.996
0.514

Z Kurtosis
-0.1641
0.5846
2.5538
1.3179

Paired-samples t-tests for likeliness

Question

Test

Prior knowledge
Beach material
Research
Recycle

t-test
t-test
t-test
t-test

Mean
-0.29412
-0.05882
-0.44444
-0.24183

Standard
Deviation
2.25914
2.07502
1.79872
1.80287
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Result

DOF

Sig

t = -1.610
t = -0.351
t = -3.056
t = -1.659

152
152
152
152

0.109
0.726
0.003
0.099

Respondents were asked how likely it is that prior knowledge of beach material
determine if they would visit a specific beach. The mean responses shifted from
(3.6667±1.929) in the pre-survey to (3.37251±1.88094) in the post-survey. The post
survey elicited a non-significant increase of 0.29412 (95% CI, 0.18264 to -0.06672) in
referring to whether prior knowledge of beach material would affect the respondents
decision to visit a specific beach from pre- to post-survey, t (152) = 1.610, p=0.109). This
indicates that respondents are slightly more likely to require prior knowledge of beach
materials before visiting a specific beach.
Respondents were asked how likely the beach materials would determine whether
they would visit a specific beach. The mean responses shifted from (3.6732 ±1.80580) in
the pre-survey to (3.6144 ± 1.68243) in the post-survey. The post survey elicited a nonsignificant increase of 0.05882 (95% CI, -0.27261 to 0.39026) in referring to whether a
specific of beach material would affect the respondents decision to visit a specific beach
from pre- to post-survey, t (152) = 0.351, p=0.726). This indicates that a specific beach
material would not directly influence the respondents decision to visit a specific beach
location.
Respondents were asked how likely they are to do research on beach material
prior to visiting a beach. The mean responses shifted from (5.4902 ± 1.63481) in the presurvey to (5.0458 ± 1.72573) in the post-survey. The post survey elicited a significant
increase of 0.4444 (95% CI, 0.15714 to 0.73175) in referring to how likely they are to
research beach materials prior to visiting a specific beach from pre- to post-survey, t
(152) = 3.056, p=0.003. This indicates the respondents would be more likely to do
research on beach material prior to visiting a beach.
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Respondents were asked how likely it is they are to recycle glass. The mean
responses shifted from (4.0131± 1.93305) in the pre-survey to (3.7712 ± 1.89701) in the
post-survey. The post survey elicited a non-significant increase of 0.24183 (95% CI, 0.04613 to 0.52979) in referring to how likely they are to recycle glass pre- to postsurvey, t (152) = 1.659, p=0.099. This indicates that respondents are slightly more likely
to recycle glass.

3.4.8

Agreement
Respondents were asked a series of questions on their level of agreement with

certain statements. These questions include whether they: would visit a beach made
entirely of glass, would visit a beach made partially of glass, think a beach made of glass
is a novelty, think glass can be used on a beach safely, and think glass on a beach is
dangerous. The responses for the in-person pre- and post-surveys were tested for
normality using the difference of the pre- and post-survey responses.
Due to the normality of the data, a paired-samples t-test was used to
determine whether there was a significant mean difference in responses from pre- to postsurvey. The skewness, kurtosis, and respective z-score values for the pre- to postdifferences for each question are listed in Table 3.13. The responses from pre- to postsurvey were then analyzed using paired-samples t-tests to determine the significance of
this change (Table 3.14). Using the determination that one (1) is “strongly disagree” and
seven (7) is “strongly agree”, data show that the differences from pre- to post-survey of
the agreement questions are all significant.
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Table 3.13

Normality tests for agreement

Question
Visit entire glass
Visit partial glass
Novelty
Glass beach safe
Dangerous

Table 3.14

Skewness
0.394
0.170
-0.347
-0.067
-0.351

Z Skewness
2.0102
0.8673
-1.7704
-0.3418
-1.7908

Kurtosis
-0.125
-0.069
-0.095
-0.236
-0.125

Z Kurtosis
-0.3205
-0.1769
-0.2436
-0.6051
-0.3205

Paired-samples t-test for level of agreement

Question
Visit entire glass
Visit partial glass
Novelty
Glass beach safe
Dangerous

Statistics
type
t-test
t-test
t-test
t-test
t-test

Mean
2.29412
2.22876
0.86928
2.22876
-1.94771

Standard
Deviation
1.91216
1.84425
2.03163
1.87959
2.05769

Result

DOF

Sig

t = 14.840
t = 14.948
t = 5.292
t = 14.667
t = -11.708

152
152
152
152
152

0.000*
0.000*
0.000*
0.000*
0.000*

Respondents were asked to rate their level of agreement with visiting a beach
made entirely of glass. The mean responses shifted from (2.7451±2.04080) in the presurvey to (5.0392 ± 1.61360) in the post-survey. The post survey elicited a significant
increase of 2.29412 (95% CI, -2.59954 to -1.98870) in referring to whether they would
visit a beach made entirely of glass from pre- to post-survey, t (152) = -14.840, p=0.000).
This increase indicates they agree more with the statement in the post-survey, after the
presentation and hands-on experience.
Respondents were asked to rate their level of agreement with visiting a beach
made partially of glass. The mean responses shifted from (3.4118 ± 1.96190) in the presurvey to (5.6405 ± 1.41707) in the post-survey. The post survey elicited a significant
increase of 2.22876 (95% CI, -2.52333 to -1.93418) in referring to whether they would
visit a beach made partially of glass from pre- to post-survey, t (152) = -14.948,
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p=0.000). This increase indicates they agree more with the statement in the post-survey,
after the presentation and hands-on experience.
The respondents were asked to rate their level of agreement with the statement of
a beach made of glass is a novelty. The mean responses shifted from (3.6667 ± 1.95003)
in the pre-survey to (4.5359 ± 1.70921) in the post-survey. The post survey elicited a
significant increase of 0.86928 (95% CI, 0.54478 to 1.19378) in referring to whether they
think a beach made of glass is a novelty from pre- to post-survey, t (152) = 5.292,
p=0.000). This difference from pre- to post indicates that respondents are more likely to
think of a glass beach as a novelty after the survey presentation and hands-on experience.
Respondents were asked to rate their level of agreement with the statement that
glass can be used on a beach safely. The mean responses shifted from (3.3007 ± 1.95003)
in the pre-survey to (5.5294 ± 1.50464) in the post-survey. The post survey elicited a
significant increase of 2.22876 (95% CI, 1.92854 to 2.52898) in referring to whether
respondents believe glass can be used on a beach safely from pre- to post-survey, t (152)
= 14.667, p = 0.000). This shift indicates that after the survey presentation and hands-on
experience, the respondents believe that glass can be used on a beach safely.
Respondents were asked to rate their level of agreement with the statement of
glass on a beach is dangerous. The mean responses shifted from (5.1569 ± 1.78855) in
the pre-survey to (3.2092 ± 1.48525) in the post-survey. The post survey elicited a
significant decrease of -1.94771 (95% CI, -2.27638 to -1.61905) in referring to whether
respondents believe glass on a beach is dangerous from pre- to post-survey, t (152) = 11.708, p = 0.000). This shift indicates that after the survey presentation and hands-on
experience, the respondents believe that glass on a beach is less dangerous.
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3.4.9

Concern levels
Both groups of respondents were asked about the level of concern they had

regarding glass on a beach in general (Table 3.15). Due to the normality of the data, a
paired-samples t-test was used to determine whether a significant mean difference existed
in responses from pre- to post-survey, in this case concern level regarding glass on a
beach in general. The statistics for the pre- to post-survey differences for this question are
listed in Table 3.16.
Table 3.15

Concern levels of respondents regarding glass on a beach in general
1= not concerned; 7= extremely
concerned
4
5
6
7
56
21
20
10
43
47
35
15
38
32
16
8

General Concern Level
Online
PrePost-

Table 3.16

1
23
10
11

2
25
27
19

3
41
17
29

Statistics for general concern levels
Online
PrePost-

N
196
194
153

Mean Response
3.65
4.31
3.92

Standard Deviation
1.625
1.638
1.562

Respondents expressed less concern in the post survey (3.921±1.568) than they
did in the pre-survey (4.322±0.136). The post survey elicited a decrease of -0.401 (95%
CI, -0.702 to -0.100) in the concern level from pre- to post-survey. The post survey
elicited a statistically significant decrease in the concern level regarding glass on a beach
in general, t (151) = -2.635, p=.009).
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The respondents were then asked to list their specific concerns regarding glass on
a beach in general (Table 3.16). They were asked to mark all that applied. For the online
group, the main concern was safety (69%). For the in-person pre-survey, the most
common concerns were safety (93%), human health (74%), and the environment (61%).
The data show that these concerns decrease from pre- to post-survey. “Other” responses
included: children swallowing glass, the feel of it, the impact on ecosystem, grain size
and sharpness, and consumption by flora/fauna.
Table 3.17

Specific concerns of respondents regarding glass on a beach in general

Human Health
Safety
Toxic chemicals
Environment
Other

Online
97 (40%)
167 (69%)
66 (27%)
90 (37%)
15 (6%)

Pre144 (74%)
181 (93%)
84 (43%)
119 (61%)
15 (8%)

Post84 (55%)
116 (75%)
59 (38%)
87 (56%)
5 (3%)

Both groups of respondents were asked about the level of concern they had
regarding glass being used specifically as a beach material (Table 3.18 and 3.19). Due to
the normality of the data, a paired-samples t-test was used to determine whether there
was a significant mean difference in responses from pre- to post-survey, in this case
concern level regarding glass being specifically used as a beach material. Participants
expressed less concern in the post survey (3.632±1.589) than they did in the pre-survey
(4.566±1.593). The post survey elicited a decrease of -0.934 (95% CI, -1.218 to -0.650)
in the concern level from pre- to post-survey. The post survey elicited a statistically
significant decrease in the concern level regarding glass on a beach in general, t (151) = 6.505, p=0.009).
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Table 3.18

Concerns of respondents regarding glass specifically used as a beach
material

Specific Concern Level
1
2
Online
18
22
Pre7
19
Post16
28

Table 3.19

1= not concerned; 7= extremely concerned

3
38
19
27

4
47
45
32

5
27
50
34

6
21
31
10

7
21
23
6

Statistics for specific use
Online
PrePost-

N
194
194
153

Mean Response
3.98
4.53
3.61

Standard Deviation
1.745
1.584
1.598

Respondents were then asked to list their specific concerns regarding the use of
glass being used specifically as a beach material (Table 3.20). They were asked to mark
all that applied. For the online group, the main concern was safety (64%). For the inperson pre-survey, the most common concerns were safety (86%) and human health
(63%). The data show that these concerns decrease from pre- to post-survey. “Other”
responses included: people swallowing glass, associated costs of using the material, the
feel of it, the impact on the ecosystem, grain size and sharpness, impact on the local
ecosystem, the weathering processes of the material, erosion compared to the natural
material, the impacts on other ecosystems – such as rivers, wetlands, and marshes,
organisms using glass in established ways and unknown results of this use.
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Table 3.20

Specific concerns regarding glass specifically used as beach material

Human Health
Safety
Toxic chemicals
Environment
Other

3.4.10

Online
91 (38%)
155 (64%)
57 (24%)
85 (35%)
14 (6%)

Pre122 (63%)
166 (86%)
79 (40%)
110 (57%)
8 (4%)

Post69 (45%)
99 (64%)
52 (34%)
75 (48%)
7 (5%)

Materials
Both groups of respondents were asked about what materials they would consider

a safe option for a beach material (Table 3.21). For the in-person surveys, this question
was asked in both the pre- and post-surveys. Respondents were asked to mark all that
apply.
Table 3.21

Online
PrePost-

Materials responses
Fine
Sand
191
(35.05%)
189
(38.03%)
145
(32.15%)

Coarse
Sand
155 (28.44%)
151 (30.38%)
113 (25.06%)

Pebbles
110
(20.18%)
123
(24.75%)
89 (19.73%)

Glass

Plastic

Other

74 (13.58%)

8 (1.47%)

7 (1.28%)

28 (5.63%)

2 (0.40%)

6 (1.21%)

96 (21.29%)

7 (1.55%)

1 (0.22%)

The online group had a moderate response to the use of glass as a safe beach
material at approximately 14%. The majority of the chosen materials were fine sand,
coarse sand, and pebbles at a total of approximately 84%. The in-person respondents
were less open to the use of glass as safe beach material in the pre-survey with a response
rate of 5.63%, but the response rate increased to 21.29% in the post-survey. Overall, both
groups think the ideal safe beach materials are a combination of fine sand, coarse sand,
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and pebbles, with glass being a secondary choice. The “Other” responses included: shell
fragments, dirt, clay, vegetation, cement, pink salt, and wood chips.
3.4.11

Images
Images of four different materials were shown to respondents of the online survey

and in-person pre-survey. The images were not shown in the in-person post-survey.
Respondents were asked a series of questions relating to the materials shown in each
image (Table 3.22). The in-person respondents were shown the same materials in the
hands-on demonstration as shown in the images. The materials include 100% cullet,
50/50 mix of sand and cullet, 100% sand, and a sample of large grain cullet (Figure 3.1).
Table 3.22

Image questions
•

Likeliness

•
Safety

•

Comfort

•
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How likely are you to visit a beach
made entirely of the material in this
image?
How likely are would this material
discourage you from visiting this
beach?
How safe do you think the material
in this image is?
How comfortable would you be
with sitting, walking, or laying on
this material?

Figure 3.1

Images of the materials shown in the survey.

From left to right: fine-grain cullet, mix of sand and cullet, sand, and large cullet.

Respondents were shown the image of fine-grained cullet (Figure 3.2). The mean
responses for both the online and pre-surveys are shown in Table 3.23. Relative to this
image, data show that the online group is slightly more likely to visit a beach made
entirely of this material. The online group also consider this material to be fairly safe and
are more comfortable than the in-person group. The online group is less likely to be
discouraged from visiting a beach made of this material.
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Figure 3.2

Image of fine-grained cullet

Table 3.23

Fine-grained cullet image responses for online and pre-surveys

Likeliness to visit
Safe
Comfort
Likeliness to discourage

Online
PreOnline
PreOnline
PreOnline
Pre

N
224
194
224
194
224
194
224
194
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Mean Response
4.12
4.37
3.95
4.67
4.32
4.66
4.42
4.13

St. Dev
1.756
1.650
1.588
1.753
1.788
1.823
1.782
1.842

Respondents were shown the image of a mix of cullet and sand of similar grain
sizes (Figure 3.3). The mean responses for both the online and pre-surveys are shown in
Table 3.24. Relative to this image, data show that the online group is slightly more likely
to visit a beach made entirely of this material. The online group also consider this
material to be fairly safe and are slightly more comfortable than the in-person group. The
online group is less likely to be discouraged from visiting a beach made of this material.

Figure 3.3

Image of the cullet and sand mixture
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Table 3.24

Mixed material image response for online and in-person pre-surveys

Likeliness to visit
Safe
Comfort
Likeliness to discourage

Online
PreOnline
PreOnline
PreOnline
Pre

N
214
194
212
194
213
194
213
194

Mean Response
4.12
4.37
4.02
4.47
4.26
4.37
4.48
4.27

St. Dev
1.743
1.699
1.652
1.746
1.763
1.756
1.758
1.766

Respondents were shown the image of sand (Figure 3.4). The mean responses for
both the online and pre-surveys are shown in Table 3.25. Relative to this image, data
show that the in-person group is slightly more likely to visit a beach made entirely of this
material. The in-person group also considers this material to be fairly safe and are slightly
more comfortable than the online group. The online group is slightly less likely to be
discouraged from visiting a beach made of this material.
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Figure 3.4

Image of sand used in the survey

Table 3.25

Sand image responses for online and in-person groups

Likeliness to visit
Safe
Comfort
Likeliness to discourage

Online
PreOnline
PreOnline
PreOnline
Pre

N
196
191
196
191
195
191
196
191
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Mean Response
2.20
1.86
2.34
2.02
2.35
2.07
5.48
5.69

St. Dev
1.450
1.360
1.396
1.345
1.465
2.526
1.779
1.932

Respondents were shown the image of large grain cullet (Figure 3.5). The mean
responses for both the online and pre-surveys are shown in Table 3.26. Relative to this
image, data show that the online group is slightly more likely to visit a beach made
entirely of this material. The online group also considers this material to be fairly safe
and are slightly more comfortable than the in-person group. The online group is slightly
more likely to be discouraged from visiting a beach made of this material.

Figure 3.5

Image of large grain cullet
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Table 3.26

Large cullet image responses for online and in-person groups

Likeliness to visit
Safe
Comfort
Likeliness to discourage

3.5

Online
PreOnline
PreOnline
PreOnline
Pre

N
200
193
199
193
200
193
200
193

Mean Response
5.43
5.90
5.43
6.16
5.84
6.35
3.51
3.15

St. Dev
1.800
1.708
1.571
1.368
1.493
1.245
2.217
2.284

Discussion
The main goal of this study was to test the value of an educational program that

involves a hands-on experience and a short presentation dealing with the use of cullet in
beach nourishment projects by implementing both in-person and online surveys. The
effectiveness of the educational program is demonstrated by the data.
The demographic data show that the online group was older and traveled to more
coastal areas than the in-person group. Data show online respondents were more familiar
with coastal related terms than the in-person respondents. Both the groups were most
likely to glean most of their information relating to coastal issues from online sources
with values of 46.63% for the online group and 24.33%, for the in-person group. The inperson respondents also had relatively high response rates for school, social media, and
TV as sources of news/ with values of 18.97%, 16.91%, and 16.29%, respectively.
In determining the significance of the likeliness of the respondents to do a certain
task, it was found that a decrease in means from pre- to post-survey would indicate a
higher likeliness. Of the questions asked for likeliness, the only significant response after
the hands-on educational experience was the likeliness to do research on beach material
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prior to visiting a beach. The other questions regarding the likeliness of prior knowledge
and a specific beach material determining whether they would visit a specific beach also
showed a decrease, but not significant. The likeliness to recycle also showed a nonsignificant decrease. Overall, the respondents showed they were somewhat likely to do
the tasks, but only the research task showed significance.
In determining the significance of the level of agreement to certain statements, the
change from pre- to post-survey showed a notable change for all agreement questions.
The statements from pre- to post-survey for visiting a beach made entirely and for
visiting a beach made partially of glass both showed a change from ‘disagree’ to
‘somewhat agree’ indicating that after the hands-on educational experiences
The question of whether they view a beach made of glass as a novelty had the
smallest increase towards agreement of all the agreement questions. Previous research
determined that the perception of coastal erosion will be directly linked to what the
surveyed population views as normal or novelty. It is important to note here that
“perception is reality” (Berry, 2018). What the public perceives as normal will determine
what can be used. For example, designer beaches –where the color of the beach is
controlled using specific colored glass, could be considered a novelty to an area.
By conducting surveys to determine if the public’s concerns about climate change
might be associated with perceived changes in other weather-related events, such as
precipitation and flooding, Taylor et al. (2014) provides an example of how perception
can change within a population based on what the population experiences as a “normal”.
What a respondent perceives as “normal” can change with their sense of place. For
example, someone who is from a coastal area where the beaches are nourished with
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cullet, may view this use as normal because it is what they are used to. Whereas,
someone who is not from a coastal area where cullet is used in nourishment, may view
this use as a novelty.
To be as unbiased as possible, agreement questions of whether the respondents
viewed glass on a beach as safe and dangerous were asked. From pre- to post-survey, the
response went in favor (somewhat disagree →agree) of viewing glass on a beach as safe,
with the same difference occurring for the respondents viewing glass on a beach as
dangerous (somewhat agree →disagree).
Both groups showed concerns about the general presence of glass on a beach and
the idea of glass being specifically used as a beach material. Although, the concern levels
regarding both general presence and specific use for the in-person group decreased from
pre-to post-survey, it should be noted that there is still a concern present. This can be seen
in the specific concerns section of results where although the percentage of respondents
expressing concerns decreases. If there were no concerns, then the percentage of
respondents expressing concerns for these issues would be zero.
Both the online and in-person groups were asked late in the survey what materials
they considered to be safe options for beach materials. Both groups overall favored a
combination of fine sand, coarse sand, and pebbles, with glass being a secondary choice.
However, this question was also asked in the post-survey where there was an
approximately 15.5% increase in the percentage of respondents who chose glass as a safe
option. This could indicate the effectiveness of the hands-on educational experience.
Based on the “other” responses to materials including dirt, clay pink salt, and wood chips,
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it can be assumed both groups need more information about the materials used in
nourishment projects on beaches.
The image questions were asked to the online and in-person pre-survey
respondents. This data set shows that overall, the online group was more open to the idea
of using cullet as a beach sand and were even less likely to be discouraged by the large
grain cullet.
Overall, the results of the surveys show that tactile learning makes a difference in
how people perceive the use of cullet as a nourishment material. Based on the results of
the survey, it is suggested that an educational program with a hands-on portion be
developed and include information on coastal processes, beach nourishment projects, and
the materials used.
3.6

Conclusions
The goal of this study was to determine if there is a distinct concern with the use

of alternative materials in beach environments and identify a need for an educational
program to inform the public about the associated coastal processes. After conducting the
online and in-person surveys, it was determined that there is a concern for the use of
cullet in beach environments and that the implementation of a hands-on (tactile) learning
experience or educational program would be beneficial to address the concerns.
Based on the mean responses for familiarity, the public (online) group is more
familiar with terms related to coastal erosion and beach environments than the students
(in-person) group. Particularly, the age and education level of the online group could be
an indication of their familiarity, as most of the in-person group are between the ages of
18 and 25 and are enrolled in the introductory geology courses.
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Both groups view the idea of using alternative materials, such as cullet, as a
novelty. All respondents consider a combination of fine sand, coarse sand, and pebbles as
an ideal safe mixture for beach materials, with the addition of glass being a secondary
choice. Concern levels of both groups, whether stationary or decreasing, still exist from
pre- to post-survey. This means that even though the level decreases from pre-to postsurvey, there is still a concern. An educational program that addresses these concerns
would be beneficial to implement.
Several limitations existed within this study. The lack of a post-survey for the
online group limited the capability of testing the value of the hands-on experience where
the students had the opportunity to interact with the materials. The limited range of
classes in which the in-person surveys were implemented restricted the capability of
gauging the perception of the in-person respondents. In future studies, a broader range of
class types and levels would be included. It would also be beneficial to include the
images questions in the post-survey, instead of just within the pre-survey.
Overall, the implementation of tactile marketing concepts could be beneficial in
an education program relating to the use of alternative materials in beach environments.
This project is significant because it identifies areas that communities need to address
through public education before using glass cullet for beach nourishment. In so doing,
this study contributes to laying the ground work for using recycled glass to help
communities promote tourism, and mitigate erosion related to sea level rise.
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CHAPTER IV
MODEL
4.1

Abstract
Modelling sediment transport and shoreline evolution after beach nourishments is

not a new process. The current applied models and the associated variables typically
include volume and grain size distribution of the nourishment materials. Morphological
grain characteristics of the nourishment materials, such as hardness and angularity, are
not included in the current models, and could be important in determining the
compatibility of cullet in nourishment projects as compared to native beach sand. The
goal of this paper is to discuss the current shoreline evolution models with the associated
variables and describe a forthcoming model that models the lifespan of a nourishment
project which incorporates the degradation of the nourishment materials based on
hardness.
4.2

Introduction
The objective of this chapter is to review existing beach nourishment evolution

models and describe the variables needed to differentiate the pros and cons of the
potential use of cullet in nourishment practices. This chapter begins with a brief history
and discussion of factors affecting the coastline, beach nourishment, and a comparison of
materials, followed by a description of the existing beach nourishment evolution models
and the associated variables in the methods. This review of models provides the basis for
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a discussion and comparison of the output validity based on available variables and lays
the groundwork for a description of an exploratory forthcoming model.
4.2.1

Factors affecting shoreline
Most of the world’s shorelines are in a state of accelerating erosion (Klee, 1999;

Pilkey and Cooper, 2004). There are many factors, both natural and human-induced,
affecting shoreline change and the erosion rates of these areas. Some of the natural
factors include, but are not limited to, the geologic characteristics of the shoreline,
morphologic characteristics of the sediment grains, effects of longshore currents, waves,
tides and other fluctuations in sea level (Klee, 1999). Focusing on the morphologic
characteristics of the sediment grains, the longer distance a sediment particle is
transported, the smaller and more rounded it becomes (Klee, 1999).
Some human-induced factors include, but are not limited to, implementing hard
structures (groins/jetties) and dredging to mitigate the natural migration of sand and to
build the shoreline outward (Klee, 1999). Another human-induced factor to consider is
offshore sand disposal and sand mining. Through the process of dredging inlets and other
passageways to ease the passage of large ships, the natural flow and mixing of water,
sediments, nutrients, and organisms between terrestrial and marine environments is
disturbed (Klee, 1999). Despite this human interaction with the coastal environment, the
natural processes of littoral drift and shoaling of materials still occurs, thus making the
ever-constant circle of erosion/dredging budget an issue that continues today. Many of
the human-induced causes of erosion are the same devices used to control coastal erosion
(Klee, 1999). The feasibility of a project depends on current and future beach forming
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processes, sea level, and sediment supply such that an equilibrium can be obtained
between the depositional and erosional forces in a specific area (Klee, 1999).
4.2.2

Beach nourishment- tool of choice
Beach nourishment is generally defined as the introduction of new sand, placed

on the beach by hydraulic or mechanical means, which had the immediate effect of
increasing the dry beach width and is the most widely used response to shoreline erosion
in the United States (Davison et al., 1992; Valverde et al., 1999). This definition
encompasses both restoration and nourishment in which the first is a major sediment
contribution to initially widen an eroding beach, and the latter is considered smaller
periodic contributions for maintenance (Davison et al., 1992).
The utilization of rigid or hard structures for coastal engineering to combat
erosion began in the 1800s and the first recorded beach nourishment project took place at
Coney Island, New York in 1922 (Davison et al., 1992). Between 1922 and 1950,
approximately 72 projects were constructed in the United States (Davison et al., 1992).
Prior to this, the use of hard structures, including groins, jetties, and seawalls were the
primary erosion protection for beaches in the United States (Hillyer, 1996). While
protecting the shoreline, these structures often decreased the recreational value and
attractiveness of the beach (Klein and Osleeb, 2010). In many situations it is more costeffective and environmentally suitable to replicate the protective characteristics of natural
beach and dune systems through the replenishment of the sand (Douglass, 2002).
Computer modeling of shoreline changes became a preferred method of shoreline
modeling in the 1970s and has become as complex as the environment it depicts. The
design of beach nourishment projects has evolved from the rudimentary dumping of
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material on a shoreline to a quantitative exercise based on geomorphic principles and
engineering theories (Davison et al., 1992).
Beach nourishment is a soft engineering solution that attempts to address the
sediment-deficit problem by adding sediment to the affected area. Given that
replenishment itself does not stop the natural erosional processes, it is designed to serve
as an ephemeral, sacrificial buffer to protect coastal property and structures (Weathers &
Voulgaris, 2013). This placement of sand on a beach to restore (or to build) it the most
non-intrusive technique available to the coastal engineer (Dean & Dalrymple, 2004).
During any time-step in which the shoreline in a beach designated as a nourishment area
erodes beyond its original position, sand is added to the environment to bring the
shoreline back to its original position (Slott et al., 2010). Beach nourishment, therefore,
compensates for an imposed recession of the coastline or divergences in wave-driven
longshore sediment transport by adding sand to the shoreline system (Slott et al., 2010).
The numerous benefits of beach nourishment have allowed for it to be the tool of
choice in combatting the natural erosional processes. These benefits include, but are not
necessarily limited to:
1.

Reduced storm damage due to a widened berm, advanced beach profile in
addition to protective dunes that can dissipate wave energy (Dean, 1987;
Dean, 2002; Davison et al., 1992)

2.

Recreational and environmental enhancement (Dean, 2002)

3.

Promoted tourism (Davison et al., 1992; Dean, 2002)

4.

Increase in sediment budget and benefits to downdrift beaches and
communities (Davison et al., 1992)

5.

Cost is generally lower and spread evenly over time compared to hard
structures (Davison et al., 1992)
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6.

Projects are inherently flexible, can adjust quickly to oscillations of water
levels, and can be applied to beaches previously stabilized with hard
structures (Davison et al., 1992; Dean, 2002)

In addition to protecting the shoreline, beach nourishment is desirable because it provides
greater aesthetic appeal over hard structures (i.e. groins and seawalls) and extends the
recreational part of a beach area (Weathers & Voulgaris, 2013). Nourished beaches can
be designed to create habitat lost through erosion, enhance depauperate habitat, or add
habitat where shore protection or recreation are the primary goals (Nordstrom, 2005).
Despite being an advantageous form of coastal erosion management, beach
nourishment comes at a high financial and environmental cost. Finding suitable fill
material requires much effort (Dean, 2002; Weathers & Voulgaris, 2013). Nourishment
projects cost on the order of $1,000/m to $3,000/m ($300/ft to $1,000/ft) of beach and
require a “seasoning” period after which the additional dry beach width is typically
maintained at a width of 20 to 30 m (60 to 100 ft) (Dean, 2002). Some trends that add to
the attractiveness of this method of erosion control include, but are not limited to (Dean,
2002): (1) desire to reside along shorelines is increasing the values of upland structures
and infrastructure; (2) beneficial effects of adjacent shorelines (addition of sand); (3)
restoration of habitat in areas where it has been lost through erosion. The ideal candidate
for nourishment is a beach with a substantial upland economic base (i.e. high amounts of
tourism) and with a small to moderate erosional trend such that, with modest amounts of
nourishment, balance can be restored to the system (Dean, 2002). Despite these attractive
trends and advantages, the three main challenges of beach nourishment costs are:
1.

Exhausted or limited offshore sand resources within a reasonable
proximity to project area. Transporting the materials from a distant source
increases the overall cost of the project (Dean, 2002; Weathers &
Voulgaris, 2013).
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4.2.3

2.

Environmental impacts to local fauna, including sea turtles. In areas where
sea turtles nest, nourishment practices are sometimes limited to winter
months (vigorous wave months), thus increasing the cost (Dean, 2002).

3.

Dealing with the negative perception of beach nourishment projects in
which it is costly and ineffective (Dean, 2002).

Beach nourishment materials
Typically, a beach is already eroding when it is proposed to be nourished and over

time it will return to the conditions pre-nourishment (Dean & Dalrymple, 2004). In some
cases, the projects in which dredged sands are used, the sand typically washes out within
a few storm seasons due in part to smaller grain size. If a beach is nourished or
replenished, it is most commonly replenished with beach-quality sand that is dredged
from the continental shelf and nearby bay areas which are then placed on the beaches.
The dredged off-shore sands that are placed on the beaches often have a finer grain size
than the grains on natural wave swept beaches. With advantages of significant quantities
of beach-quality sand within a reasonable proximity to project site, being reasonably nondisruptive to the local communities along shoreline and efficiency allowing for lower unit
costs than other methods, it is estimated that more than 95% of all sand volumes placed
in beach nourishment projects are through dredging from offshore sources (Dean, 2002).
Characteristics of an ideal borrow pit for offshore dredging include: an area parallel to an
immediately seaward of the beach to be nourished, a thickness of sand of at least one to
two meters, the sand should be a reasonable match for the natural sand in size and color,
be free of rocks, and contain minimal silt and clay (Dean, 2002).
In the broadest sense, sediment compatibility refers to the degree to which the
nourishment sediments would perform compared to nourishment with native
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sediments (Dean, 2002). For example, the sediment fill (borrow sand) is judged to be
compatible if the nourishment grain size distribution is similar to that of the native
sand (Dean, 2002). The grain size of sediment fill is a key factor in terms of
nourishing a beach. Should finer sand be placed on the beach, it would not be in
equilibrium, and it is expected that much of the material would be moved offshore by
the waves (Dean & Dalrymple, 2002). Ideally, the grain size of the source should be
the same size or larger than the native sand beach to minimize erosion (Chatzipavlis
et al, 2012; Dean, 2002; USACE, 1984). Based on general physical characteristics, it
has been found that cullet and beach sand are compatible (Kerwin, 1997). Cullet –
crushed, recycled glass from pebble to clay-sized grains, can be crushed and rounded
to a specific size through the recycling process to match the grain size of the sand
grains on the beach (Babineaux, 2012).
It is important to note that the primary difference between glass and quartz is
quartz is naturally crystalline SiO2 and glass is amorphous. This is important in that
the mechanical properties and durability of each material are defined by the structure
of the material. It is known that quartz has a hardness of 7 on the Moh’s Hardness
Scale and glass has a hardness of 5.5. With glass being softer than quartz, it may
break down faster under certain conditions. Albeit, both materials exhibit conchoidal
fracture, as well as a glassy luster, is usually translucent to transparent and white or
clear in color. The durability of glass sand will determine its resistance to abrasion
and the rate at which the glass sand grains are rounded and abraded in the littoral zone
(Kerwin, 1997). Even though the glass sand should abrade at a faster rate than
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naturally occurring quartz grains, it is still more durable that carbonate sands,
providing a stable and durable beach fill material (Kerwin, 1997).
Glass is made from readily-available domestic materials, such as sand, soda
ash, limestone and “cullet,” the industry term for furnace-ready recycled glass (GPI,
2018). These materials are mixed, or “batched,” heated to a temperature of 2600 ℉ to
2800 ℉ and molded into the desired shape (GPI, 2018). It is important to note that
glass is 100% recyclable, can be recycled endlessly without loss in quality or purity,
can be substituted for up to 95% of raw materials as the only material used in greater
volumes than cullet is sand, and the technology for recycling glass is relatively simple
and well established (GPI, 2018; EPA, 1992). The reuse of cullet is complicated,
however, by the fact that different types of glass are not always compatible for
recycling. The glass produced by different manufacturers differs in both form and
chemical composition (EPA, 1992). Although all glass is composed of silica and
sodium oxide (soda ash), the type and quantity of other compounds added vary
slightly in different types of glass. These differences frequently cause problems in
recycling glass, because producers of some types of glass have strict specifications
for the chemical makeup of any cullet they might use (EPA, 1992). These differences
can also alter the hardness of individual cullet grains.
With the ideal candidate for nourishment being an area with a substantial upland
economic base and a small to moderate erosional trend, most of the Gulf Coast would not
necessarily meet these requirements due to the high erosional trend of the region. With
the influx of sediments brought to the Gulf of Mexico through the Mississippi River and
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its delta, sediment that can be used for dredging projects along the Gulf Coast is
abundant. However, because of the great distances traveled by sediment deposited by the
Mississippi River, the individual grains are typically smaller and more rounded than
sediment found along the natural coastline. Thus, Mississippi river sediment can be
washed out within a few storm seasons, or one large storm, because the grains do not
meet equilibrium with the natural beach sand.
Relative to the cost of materials, nourished beaches are typically re-nourished on
a continuous basis of between 2 and 6 years along the Gulf Coast. That being said, if the
modern-day cost of dredged materials is roughly be $9.52/ yd3 and the cost for cullet is
approximately $45/ton, then the cost of a beach nourished with cullet may possibly be
more expensive than a beach nourished with dredged sands Also, one cannot assume that
the cost of the material factors in the effort put in by a third party to produce, transport,
maintain, and implement the material into the beach environment, thus making the
overall project costs of using either dredged or cullet materials costlier. The feasibility of
a project depends on current and future beach forming processes, sea level, sediment
supply with grain size being a crucial factor, such that an equilibrium can be obtained
between the erosional and depositional forces for the nourished areas (Klee, 1999).
The value of modeling beach nourishment using glass cullet is that it enables the
understanding of how the sediment moves through the beach system and the
determination of whether physical characteristics of individual grains influence the
compatibility and movement of material through the system over time. This is significant
because it will aid coastal stakeholders in the prediction of the lifespan of nourishment
projects and required nourishment interval.
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4.3

Methods
A significant problem associated with beach nourishment design is predicting the

lifetime of a project (Dean & Dalrymple, 2004). Many different models have been
suggested and used in determining the evolution of nourishment projects. This review
paper is meant to discuss and evaluate the models that are commonly used to predict the
shoreline evolution and the lifespan of a nourished beach.
Through a comparison of the models presented, and the inclusion of the variables
listed in each model, from the simplest to the complex, the main variables relating to the
individual sediment grains are volume and grain size. Each of the models presented
represent how the sediment moves through the system in determining the “lifespan” of
each individual project. Based on this determination, it becomes imperative to consider
the variables in each model and how grain characteristics of various materials play into
the model itself. The individual grain characteristics and properties will be important to
determining the overall effectiveness of using cullet for nourishment projects.
When comparing the outputs of the individual models, if the characteristics of
each material are the same, then the outputs for each model relative to the materials used
will be the same. As the models become more complex and integrate more characteristics
of individual grain sizes, it becomes more likely that the outputs will differ for each
material. If the characteristics are assumed to be the same, then the outputs will be the
same, thus allowing for a compatible material. If the characteristics are not assumed to be
the same, then the outputs will be different. This difference between materials calls for a
more detailed model that will factor in the differences in a manner that relates to the
lifetime of a nourishment project.
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4.3.1
4.3.1.1

Model Description and Assessment
The Thumbnail Method - Description
To estimate the beach durability on the east coast of the United States, Pilkey

(1987) suggested a thumbnail method to obtain a rough estimate or to roughly check the
volume of sand required for initial replenishment. This method is based on the empirical
regional beach durability experience from past replenishment projects and the following
relationship is suggested:
𝑋
𝑉𝑙 = ( ) 𝑣
𝑛
where:
•

Vl is the total volume of sand required to maintain a design beach of a
given length (l)

•

n is the assumed interval of required major restoration

•

X is the desired project life or design life, and v is the volume of initial fill
placed along beach of length (1)

•

l =length (Pilkey et al., 1994).

The factor n is based on Table 1 in Pilkey (1987) which presents a summary of
beach replenishment performance on USA east coast beaches with values of n = 9 years
for Florida, n = 3 years for New Jersey, and n = 5 for the remaining East Coast barriers.
With increased experience in replenishment of neighboring beaches the factor should be
adjusted accordingly. In the case of the Gulf Coast, this number may vary. Beaches
nourished with cullet tend to need maintenance after approximately 2 to 10 years at a cost
of approximately $10/yd3 to $50/yd3 with an estimated need of two million cubic yards
needed for a two-mile project (CDBWSCC, 2002). Beach nourishment with glass cullet
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has been demonstrated in Broward County, Florida which started in 2004 (Foye, 2005;
Makowski et al, 2008). For the Gulf Coast in 1996, the average cost per cubic yard of
dredged materials was found to be $6/yd3 (which would be $9.52/ yd3 in 2018 based on
inflation) with no significant increase in the average cost per cubic yard of nourishment
sand to have occurred over time (Trembanis et al., 1999).
The benefit of the equation proposed by Pilkey is to determine how much
sediment is needed for the proposed lifetime of a project, including the volumes
associated with the subsequent renourishment projects that would be required to maintain
the nourished area. This equation works best with an area that has been nourished before
or is adjacent to a nourished area. The more nourishments and information available, the
more accurate the calculations of the beach response and project lifetime with this
method will be. This method is especially useful with predicting the amount of materials
needed over a long period of time in places where political and economic reasons are
more likely to dictate the beach nourishment interval as opposed to the condition of the
beach itself (Pilkey et al., 1994).
4.3.1.2

The Thumbnail Method – Assessment
The Thumbnail Method (Pilkey et al., 1994) looks at the determining the total

volume of material needed for the entire lifespan of an individual project. The outputs of
this method are based on the restoration and nourishment history of the individual areas.
For example, considering the Mississippi Gulf Coast, from 1942 to 2001 a total of
25,407,433 cubic yards of nourishment materials were used throughout a minimum of 20
replenishment projects (WCU, 2012). This method only uses the initial fill volume based
on nourishment history of the area, the desired life span of the project, and the amount of
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time between nourishment projects. Based on these variables, the outputs will be the
same for sand and cullet, however, the cost of the projects may change based on the cost
per cubic yard of each material.
4.3.1.3

Linear Erosion Model – Description
The Linear Erosion Model, as presented in Verhagen (1993) is a simple model

that predicts the future location of the shoreline relative to some fixed position (Weathers
& Voulgaris, 2013). The use of this model is limited to those cases where coastal erosion
is large with respect to the quantity of the nourishment and the evaluation of a restricted
part of the beach (Verhagen, 1996).
The erosion of a nourished beach consists of two main components: (1) the linear
component of erosion and (2) extra erosion caused by both longshore losses and the
adaptation of the profile in the cross-shore direction (Verhagen, 1996). For a nourishment
extending over a relatively long stretch of beach without adaptation losses, only the linear
erosion needs to be considered and can be expressed as:
𝑉𝑡 = 𝑉0 − 𝑎𝑡
where,
•

Vt = volume at given time (m3/m)

•

V0 = the volume of the nourishment (m3/m)

•

a = linear component of the coastal erosion (m3/m/year)

•

t = time (years)

This model makes a few assumptions. The first being that an erosion rate is a
linear function of the extension of the nourishment into the sea (Verhagen, 1996). Note
here that the “loss” of material is due to nourished sands moving out of the nourishment
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area to neighboring coastlines or to an adjacent environment. Overall the lost sand, being
a continuous part of the littoral system, contributes to the general stability of the
coastline, however not in the desired location (Verhagen, 1996). The second assumption
is a constant volumetric erosion rate over time and does not account for any changes in
the shoreline erosion rate due to the placement of the fill material (Weathers & Voulgaris,
2013). The third assumption us that the shoreline will move at the same historical
constant rate that it has followed through its lifetime (Weathers & Voulgaris, 2013).
4.3.1.4

Linear Erosion Model – Assessment
The Linear Erosion Model looks at predicting the location of the shoreline relative

to a fixed position. The outputs of this method are limited by the variables, in that it only
considers the volume of the nourishment material. If only the volume of the nourishment
material is considered, then the outputs for sand and cullet will be the same. Despite
differences in the degradation rates and hardness of sand (in this case, natural quartz) and
cullet, the overall volume of the material should not change but may shift to a finer
distribution over time (Figure 4.1). As the grains break down, the finer pieces become
part of the overall system and can be carried further away than the larger grains. Based on
the degradation rate of the nourishment material, this process may shorten the lifespan of
a nourishment project thus requiring renourishment to happen more frequently.
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Figure 4.1
4.3.1.5

An example of the breakdown of material/grain size over time.
The Verhagen Model – Description

The assumption of the erosion rate to be a linear function of the extension of the
nourishment into the sea results in an exponential decay of the nourished volume
(Verhagen, 1996). Through the recognition of the placement of fill material on the beach
creating perturbation to the shoreline and causes accelerated initial material losses, which
decay over time, this can be quantified as an exponential decay equation:
𝑉(𝑡) = 𝑉0 𝑒𝑥𝑝 (

−𝑡
)
𝑇𝑐

where,
•

V0 = initial volume of fill

•

V = remaining fill at time (t)

•

Tc = decay coefficient that relates to a characteristic decay time in which
37% of the original fill remains (Verhagen, 1996).
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This decay equation was then combined with the Linear Erosion Model to create the
Verhagen Model, which apportions the loss into two variables:
−𝑡
𝑉(𝑡) = (1 − 𝑝) 𝑉0 𝑒𝑥𝑝 ( ) + 𝑝𝑉0 − 𝑎𝑡
𝑇𝑐

where:
•

p describes the portion of sediment loss to linear erosion

•

(1-p) describes loss due to fill adjustment

The most effective beach nourishment is one where the project requires only the
necessary amount that is equal to the exact yearly loss averaged over the erosion rate
prior to the nourishment (i.e. p = 1) (Verhagen, 1996). It should be noted that a
nourishment where the volume of nourished material is not equal to the yearly loss (i.e. p
= 0) is not necessarily the least effective beach nourishment. Thus, an equation to
calculate the efficiency (E) of a nourishment project was developed:

𝐸=

𝑉𝐸
𝑎𝑇𝐿
=
𝑉0
𝑉0

where, TL can be calculated from:
𝑝𝑉0 − 𝑎𝑇𝐿 + (1 − 𝑝)𝑉0 𝑒

𝑇
− 𝐿
𝑇𝑐

=0

with the remaining variables not previously defined are:
•

VE = effective nourishment volume

•

TL = time until the moment when all nourished sand washed away

Therefore, a nourishment with a volume of VE = aTL is the most effective (Verhagen,
1996).
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This model assumes an erosion rate that is the same before a nourishment as after
a nourishment providing researchers and coastal managers with the volume of fill
material remaining after linear erosion and fill adjustments (Verhagen, 1996). This is
beneficial in understanding how the material moves through the system and the nourished
area, as well as the efficiency of a nourishment project. Because nourishment materials
will move out of the nourished area into areas that are adjacent, this is considered a “loss
of material”, although contributing to the stability of the general coastline long term, just
not locally or in the nourished location (Verhagen, 1996). It should also be noted that the
efficiency of a project may change with the influx of storms moving through the area or
with a change in sea level.
4.3.1.6

The Verhagen Model – Assessment
The Verhagen Model looks at predicting the volume needed for nourishment

projects and can show, based on erosion rates, how long it will take before renourishment will be needed. This model does not account for any individual grain
characteristics of the fill material, therefore the outputs for this model will also be the
same for sand and cullet. However, factors such as the breakdown of grains over time
will determine the efficiency of the project. For example, based on the degradation rates
of the fill material, and in turn, the migration of the sediment out from the nourished area,
the outputs for sand and cullet may differ slightly.
4.3.1.7

The One-Line Model – Description

The simplest coastline model, the One-Line Model, assumes that the coastal profile is
maintained as constant but is shifted in the onshore or offshore direction as the result of
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erosion or accretion (Fredsøe & Deigaard, 1992). The One-Line Model, as originally
presented by Pelnard-Considere (1956), tracks the position of one contour line over time
and is the first quantitative shoreline-change model (Weathers & Voulgaris, 2013). Some
assumptions made in the development of the One-Line Model include (Weathers &
Voulgaris, 2013):
•

Pre-nourishment and nearshore coastlines are straight and parallel

•

Monochromatic waves arrive at a constant (small) angle of approach

•

Longshore sediment transport due to wave-induced longshore currents as
modeled by the Coastal Engineering Research Center (CERC) formula
(USACE, 1984; Thieler et al., 2000; Rosati et al., 2002)

The volumetric longshore sediment transport (CERC formula) is as follows:
⁄
𝐾 𝐻𝑏3 2 sin 𝑔⁄𝛾 sin 2(𝛽 − 𝛼𝑏 )
𝑄 =
8 (1 − 𝑝)(𝑠 − 1)
2

where the variables are defined as:
• K = constant of proportionality based on sediment size (see Dean, 2002)
•

Hb = breaking wave height

•

g = gravitational constant*

•

s is the specific gravity of the sediment**

•

p = porosity of the sediment**

•

𝛾 = ratio of Hb to water depth at break point*

•

𝛼𝑏 = azimuth angle of a breaking-wave ray and

•

𝛽 = azimuth angle of a projection normal to the shoreline.

*Note that g and 𝛾 are constants taken as 9.8 m/s2 and 0.78, respectively. **The values
for s and p are dependent on the materials used, and in the case for a quartz sand are 2.65
and 0.4, respectively.

92

In the case of a beach nourishment project where the sediment is homogenous, then Q
becomes a function of the shoreline configuration after nourishment and the local wave
breaking height (Weathers & Voulgaris, 2013). To model the movement of through a
beach system, the volumetric sediment transport can be further manipulated to show
changes in the profile area (A), corresponding to sediment transport rates alongshore
(Weathers & Voulgaris, 2013):
⁄
𝜕𝐴
𝜕𝑄
𝜕𝑄 𝜕𝛽
𝐾𝐻𝑏5 2 √𝑔⁄𝛾
𝜕 2𝑦
=−
= ( )( ) =
cos 2(𝛽 − 𝛼) 2
𝜕𝑡
𝜕𝑥
𝜕𝛽 𝜕𝑥
8(𝑠 − 1)(1 − 𝑝)
𝜕𝑥

Which can be reduced to the One-Line Model (Dean, 2002):
𝜕𝑦
𝜕 2𝑦
=𝐺 2
𝜕𝑡
𝜕𝑥
where,
•

y = shoreline position in the cross-shore direction

•

t is time

•

x is distance in the alongshore direction

•

G (the diffusion coefficient) is given as follows:
⁄
𝐾 𝐻𝑏3 2 √𝑔⁄𝛾
𝐺=
8(𝑠 − 1)(1 − 𝑝)(ℎ𝑐 + 𝐵)

With the variables being defined as the same used in the CERC formula. The vertical
extent of active profile, B, to closure depth, hc, is represented as (hc + B) (Dean, 2002;
Dean & Dalrymple, 2004; Weathers & Voulgaris, 2013).
The One-Line Model is most useful for predicting idealized planform evolution
following beach nourishment and can be appropriately manipulated to be applied to a
variety of boundary conditions (Weathers & Voulgaris, 2013). Assumptions made by the
One-Line Model are small changes in the shoreline profile are due to beach nourishment
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and the movement of fill material through the system. The One-Line Model is limited to
beaches with incident wave angles less than 25o (Pelnard-Considère, 1956; Elko & Wang,
2007). A full, detailed discussion on the One-Line Model and the variety of boundary
conditions in which it is applicable is available (Dean, 2002).
The simplicity of the One-Line Model makes it useful and easily manipulated in
order to be applied to a variety of boundary conditions. This simplicity allows for the use
of this model in a variety of conditions along the same coastline. For example, the Gulf
Coast has an abundance of coastal environment types and associated boundary conditions
that can evolve from year to year with seasonal changes.
4.3.1.8

The One-Line Model – Assessment
The One-Line Model looks at predicting the location of a single contour line over

time. With the CERC formula (Eq. 7), this model considers more characteristics of the
fill material than just volume as previously shown through the Linear Erosion and
Verhagen Models. Values for the individual grain characteristics for sand and cullet may
differ slightly, thus producing slightly different outputs. If the differences are not
significant enough to show a change in the overall model, then the outputs will most
likely be the same or similar.
The individual grain characteristics presented in the CERC formula are all taken
as constants except for specific gravity and porosity, which are both based on the
materials used. The specific gravity and porosity for a natural quartz grain, assuming
purity, are approximately 2.65 and 0.4, respectively. With the possibility of impurities or
inclusions in the material, the specific gravity may vary slightly. However, the specific
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gravity for cullet is approximately 2.5 and the porosity would be similar to that of sand
due to grain size and shape.
4.3.1.9

The Modified 1-Line Algorithm – Description
Because of the simplicity and conditions assumed by the One-Line Model, other

researchers have developed a model that extends the one-line approach in important ways
by exploring consequences of high-angle wave-dominated wave climates on the
instability of shorelines (Murray & Ashton, 2005). The Modified 1-Line Model
Algorithm is an exploratory model developed to increase the understanding of the key
processes that affect shoreline evolution. The Modified 1-Line Model Algorithm also
introduces deep-water wave heights and angles, and then calculates breaking-wave
heights and angles assuming shoaling and refraction over contours that parallel local
shoreline orientations (Ashton et al., 2001; Murray, 2003; Murray & Ashton, 2005). This
model was created to specifically simulate shoreline evolution over long timescales
(Ashton & Murray, 2006).
An assumption made by this algorithm is that shoreline evolution is driven by
gradients in alongshore sediment transport on larger spatial and temporal scales (Ashton
et al., 2001; Ashton & Murray, 2006). As this model predominately applies mainly to
shorelines that are to remain covered with at least a veneer of mobile sediment, even in
eroding shoreline locations (Ashton et al., 2001). Several natural phenomena were
intentionally omitted because the goal of this development was investigation of the range
of coastal landforms and behaviors resulting from fundamental instability in alongshore
sediment transport occurring in regions with predominantly high-angle waves (Ashton et
al., 2001).
95

4.3.1.10

The Modified 1-Line Algorithm – Assessment

The outputs of the Modified 1-Line Algorithm would be similar to that of the
One-Line Model in that it builds off the One-Line Model and includes the same
individual grain characteristics through the use of the CERC formula.
4.3.1.11

The Combined Model – Description

To incorporate the sediment transport theory and the fill apportionment
characteristics, Weathers and Voulgaris (2013) combined the One-Line Model and the
Verhagen Model, giving the Combined Model as:
2

𝜋
𝑙
𝑏 {[(sin(2𝑛 − 1)( ⁄2)( ⁄𝑏))]} 𝑒𝑥𝑝(−𝛼𝑛 𝑡)
𝑉(𝑡) = (1 − 𝑝)𝑉0 8 ∑ ( )
(2𝑛 − 1)2 𝜋 2
𝑙
∞

𝑛=1

where, the included variables are the same as those described earlier in the Verhagen and
One-Line Models. This combined model addresses the assumption of an endless
nourishment situation by accounting for end losses of the fill material by combining the
processes, however, the idea of linearly superimposing the prefill erosion rate to the fillloss model does not improve the performance of the predictability of the fill-performance
model (Weathers & Voulgaris, 2013).
4.3.1.12

The Combined Model – Assessment

The Combined Model combines the Linear Erosion Model and the Verhagen
Model. With this combination, individual grain characteristics are not included, therefore
the outputs will be the same for sand and cullet.
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4.3.1.13

The Bruun Rule & the Equilibrium Shoreface Profile – Description
As presented in Thieler et al. (2000), to develop a simple model of coastal

evolution, Bruun (1988) examined profiles using the empirical relationship of: 𝑅 =
𝐿
𝑆
(𝐵+ℎ)

where:
•

R = recession due to sea level rise

•

S = Sea level rise

•

L = width of the active profile

•

B = berm height

•

h = depth of active profile base

This relationship assumes a constant profile shape in the form of:
ℎ = 𝐴𝑥 𝑚
where,
•

h = water depth

•

m = 0.67 (Dean, 1977).

Dean (1977) developed this Equilibrium Shoreface Profile and related A to
sediment fall velocity by transforming Moore’s sediment grain size data to the equation:
𝐴 = 0.067𝑤 0.44
where,
•

w = sediment fall velocity in cm s-1 (Thieler et al., 2000).

To summarize, Dean (1977, 1991) and Moore (1982) developed Bruun’s simple
model. This model only requires one parameter which has been correlated with grain size
and is the only form that can be applied in a predictive manner (Dean, 2002). This simple
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rule assumes of a closed material balance system between the (1) beach and nearshore
and (2) the offshore bottom profile (Bruun, 1988). The limiting conditions for this model
include no net longshore transport of sediment and no significant seaward-directed
sediment transport occurring beyond a certain water (closure) depth (Thieler et al., 2000).
Bruun (1988) discusses the proper use of the Bruun Rule, associated boundary
conditions, deviations and adjustments which make the rule useful for interpretation of
the observed phenomena in quantifiable terms. Other extrapolations of this rule require
more than one parameter: Bodge (1992) requires two and Inman et al. (1993) requires
eight (Dean, 2002).
4.3.1.14

The Bruun Rule & the Equilibrium Shoreface Profile – Assessment

Similar in simplicity to some of the previous models, the Bruun Rule only needs
one parameter. Grain characteristics are not included in this relationship, thus putting the
outputs for both sand and cullet as the same.
4.3.1.15

Beach Length: Durability Relationship – Description

Dean (1983) proposed the relationship that the lifespan of a beach nourishment
project is related to its length by a square law relationship based on (as presented in
Thieler et al., 2000):
(𝑡𝑝 )2 = (𝑡𝑝 )1

𝑙22 𝐾1
𝑙12 𝐾2

where:
•

tp = time to lose a percentage (p) of fill volume

•

l = alongshore length of project

•

K = rate constant
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•

Subscripts of (1 and 2) = two projects contemplated for same site

It should be noted that this relationship of beach planform erosion is derived from
the One-Line Model (previously discussed) and assumes that all erosion occurs at the
ends of the beach planform, and that offshore losses are negligible (Thieler et al., 2000).
4.3.1.16

Beach Length: Durability Relationship – Assessment

The Beach Length: Durability Relationship, having been derived from the OneLine Model, follows the same output assumptions as the One-Line Model in that if the
individual grain characteristics are the same, then the outputs would be the same,
indicating an appropriate match in the modelling of sand and cullet through the beach
system.
4.3.1.17

Renourishment Factor (RJ)- Description

A ratio expressing the rate at which a nourishment material of a given grain size
distribution erodes relative to the erosion rate of the native sediments is used to estimate
renourishment intervals (Thieler et al., 2000). This relationship is presented as (USACE,
1984):
2
𝑀𝛷𝑏 − 𝑀𝛷
∆2 𝜎𝛷𝑏
𝑅𝐽 = 𝑒 [∆ (
) − ( 2 − 1)]
𝜎𝛷𝑛
2 𝜎𝛷𝑛

where, M and 𝜎 are the respective phi (Φ) mean and standard deviation of the sediment,
and the subscripts n and b refer to respective native and nourishment sediment
characteristics (Thieler et al., 2000).
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4.3.1.18

Renourishment Factor (RJ) – Assessment

The renourishment factor being a ratio for the grain size distribution of eroded
sediment eroding relative to the native sediments is a relationship that deserves more
exploration in a discussion of glass cullet. The USACE (1984) states that a winnowing
parameter (∆) is used to express any size selectivity of borrow material erosion. For
example, a large value of (∆) is indicative of all grain sizes being removed at nearly equal
rates; whereas a small (∆) value is indicative of a discriminatory erosional process
removing certain grain sizes more quickly than others (Thieler et al., 2000).
4.3.1.19

GENESIS – Description

By combining the CERC longshore transport equation and a shoreline change
equation, the GENESIS shoreline change model was created as an empirically based,
one-line numerical model Hanson and Kraus (1989). This generalized model was
designed to simulate the long-term shoreline changes resulting from coastal engineering
and/or beach nourishment activities that may alter spatial and temporal gradients in
longshore sediment transport, as well as to develop regional-scale sediment budgets and
can be applied to any stretch of shoreline (Young et al., 1995; Thieler et al., 2000). The
GENESIS model is a complex, one-line model, meaning that the beach/shoreface, crossshore profile shape is assumed constant as it moves landward or seaward, and remains
constant along the entire modeled reach through the entire model run (Young et al.,
1995). One limitation of this model is that it cannot model shoreline changes produced by
cross-shore sediment transport, such as those associated with storm events (Young et al.,
1995).
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4.3.1.20

GENESIS – Assessment

GENESIS is a complex, one-line model designed to simulate shoreline changes
caused by beach nourishment projects in the long term. Despite its complexity, it does not
factor in the morphological grain characteristics of the sediment fill in a manner that
could effectively show the life span of a nourished beach with a material that may be
softer than the native materials. It is therefore not useful in studies of recycled glass
cullet.
4.3.1.21

SBEACH – Description

SBEACH is an empirically based numerical model designed to predict storminduced beach and dune erosion (Larson and Kraus,1989), as well as bar formation and
movement (Thieler et al., 2000). The primary application of this model is in the design of
beach nourishment projects, to evaluate the response of various beach configurations to
simulated storms (Thieler et al., 2000). The model makes the following assumptions:
profile change is the result only of cross-shore processes due to breaking waves; sand is
conserved (i.e. no net loss or gain of material); and longshore processes are uniform
(thus, not considered) (Thieler et al., 2000).
4.3.1.22

SBEACH – Assessment

Although SBEACH does not factor in the morphological grain characteristics of
the fill material being used in nourishment projects, it does evaluate the response of
various beach configurations to simulated storms, which is beneficial in areas such as the
Gulf of Mexico. This model has been further developed into NSBEACH, which has the
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capability to predict longer-term simulation without increasing the computational time
(Yuan and Cox (2013).
4.3.1.23

Sedtrans05 – Description

In the most recent version of SEDTRANS, Sedtrans05 is a one-dimensional
numerical model that accounts for the complex sedimentary environments related to
coastal environments, providing boundary layer parameters, bedform development, and
transport rates (bedload and suspended load) for both sand and cohesive sediments
(Neumeier et al., 2008). Sedtrans05 differs from previous reiterations of the model in that
it includes a new cohesive sediment algorithm providing detailed variations of sediment
properties with depth, represents suspended sediments as a spectrum of settling
velocities, includes the flocculation process, and provides simulations of multiple
erosion-deposition cycles (Neumeier et al., 2008). SEDTRANS05 has been combined
with hydrodynamic models to simulate sand transport processes around coastal features
(see Bastos et al., 2003). The Sedtrans05 model is included in this review for its ability to
simulate either sand or cohesive sediments, which could be important when considering
alternative materials, such as cullet, and the inclusion of finer grains in the grain size
distribution of fill materials.
4.3.1.24

Sedtrans05 – Assessment

With the cohesive sediment algorithm, the Sedtrans05 model has the capability to
more accurately determine bed erosion and deposition (Neumeier et al., 2008). This
application can be important in modelling of finer grain size distributions of potential fill
materials, such as cullet. The capability of matching the grain size distributions of cullet
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to the native sediments, including the finest grains, allows for the comparison of the
cohesive characteristics of the finest grains of cullet and native sediments.
4.3.2

Discussion
Predictions can be carried out with relatively simple models and it is shown that

the capability to predict the performance of beach nourishment projects is almost as good,
if not better than the more complex models, in some cases (Dean, 2002). In the case of
the use of cullet as an alternative material to a natural quartz sand in beach environments,
the simple models do not provide enough detail to show a difference between the two
materials. However, the more complex models that incorporate individual grain
characteristics are more likely to provide a more accurate snapshot of the lifespan of the
nourishment project. With regard to the models reviewed here, the main problem is the
lack of inclusion, beyond just initial grain size, distribution, and volume, of other grain
characteristics of the nourishment materials. In the case of recycled glass cullet, the most
important characteristic is hardness, which is not included.
Through the analysis of the models presented, it was found that the volume and
grain size of the aggregate materials are the only factors in the sediment transport models
used. The results are accurate. However, delving further into the models presented, one
finds that physical characteristics of the grains, such as hardness may play a vital role in
grain size over time. The models assume a set grain size or a small range of grain sizes,
across the surface and with depth.
The need for a shoreline prediction model that includes not only the initial grain
size distribution and volume, but the breakdown of the material over time may be
beneficial to the determination of whether cullet is a viable material to use as an
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alternative to dredged sands in beach nourishment projects. What this model will entail is
the breakdown over time of the material (cullet) based on known degradation rates to be
included into calculations of the longshore sediment transport, Q and the diffusion
coefficient, G. At each time step, the grain size distribution shifts to a finer state (Figure
1), and based on hardness or durability of the materials, may happen at an increased rate.
A model that includes the degradation rate of the material in the prediction of the location
of the beach would allow for coastal managers to more accurately predict the overall
lifespan of a nourishment project.
4.3.3

Conclusions
Most of the shoreline evolution models do not factor in the morphological grain

characteristics of the sediment fill material, which is important in determining the
lifespan of a nourishment project. Because most of the models presented in this review do
not factor in the morphological characteristics of the sediment fill material, the use of an
alternative material such as cullet could cause the models to produce an output that may
be incorrect relative to the expectation of output relative to native sediments. It is
suggested that a shoreline evolution model that incorporates the continuous breakdown
over time of the sediment fill material be developed.
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CHAPTER V
SIGNIFICANCE AND FUTURE WORK
5.1

Significance
The continental United States has approximately 17,672 kilometers (10,983

miles) of beaches, which is about 30% of the total shoreline (Garrison, 2011). Beaches
rim the coastal areas around the Gulf of Mexico Basin. The Gulf region covers
approximately 600,000 square miles with measurements of 995 miles from east to west
and 560 miles from north to south (EPA, 2014). The marine shoreline from Cape Sable,
Florida to the tip of the Yucatan Peninsula extends approximately 3,540 miles with
another 236 miles of shoreline on the northwest tip of Cuba (EPA, 2014). The United
States coastline is approximately 1,631 miles. This number increases drastically to over
16,000 miles in the United States alone if bays and other inland waters are included
(EPA, 2014). The importance and the protection of the coastlines of the United States is
not a topic to be taken lightly.
Coastal areas are among the most densely populated areas of the southeastern
United States. As of 2010 approximately 123.3 million people, or 39% of the nation’s
population lived in counties directly on the shoreline and this number is expected to
increase by an additional 10 million people or 8% from 2010 to 2020 (NOAA, 2014). To
look at these numbers in a different way, coastal areas have an average population
density of 446 persons/mi2 as compared to the 105 persons/mi2 for the United States as
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whole (U.S. Census Bureau, 2011). From 2010 to 2020, an increase in this population
density of 37 persons/mi2 is expected for coastal areas, with an increase of 11 persons/mi2
for the United States (Woods & Poole, 2011; NOAA, 2012). Figure 5.1 is an image of the
Gulf of Mexico Basin lit up at night. Note abundance of light at major population centers.
With the abundance of people and a heavy reliance on tourism in coastal areas as an
economic driver, coastal erosion and sea level rise are serious issues that need to be
considered, thus making the protection of coastal areas and beaches a significant area of
study. Coastal areas and their study are extremely important in understanding the world
in which we live.

Figure 5.1

Image of the Gulf of Mexico Basin at night (Grifo, 2012).
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5.2
5.2.1

Further and Associated Issues
Human Impact
What happens in coastal zones is of direct concern to a large fraction of the

people in the United States living in coastal areas because 30 of 50 states abut a major
body of water and are home to roughly 85% of the nation’s population (Montgomery,
2003). Despite only about half of the population living in the coastal regions of those
states, the population of these coastal regions is growing rapidly (Montgomery, 2003).
Many developed nations have experienced a four-decade rush to the shore, with
concomitant beachfront development and exponentially increasing total values for
beachfront real estate, infrastructure, and buildings (Pilkey & Cooper, 2004).
With this increase in population and usage of the coastal environment, the coastal
zone is facing urgent problems, including human encroachment, natural hazards, loss of
habitat, deteriorating environmental quality, reduced biodiversity, and diminishing levels
of shellfish and fish populations (Klee, 1999). To combat these problems, instead of
studying individual and different aspects of coastal issues, which may lead to different
conclusions regarding coastal management, an integrated approach is needed in which a
more highly participatory management approach replacing the traditional segmented
approach where each agency concentrates on one of the aspects of the overall coastal
picture (Camfield, 1991; Klee, 1999; Knecht & Archer, 1993). Although, the integrated
coastal management paradigm is not a new practice, most of its concepts are based on the
building blocks of modern environmentalism, including renewable resources,
wastelessness, habitat and environmental protections, sustainability, recycling, and more
(Klee, 1999; Knecht and Archer, 1993). Despite the use of these practices throughout
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history and today, the question is no longer, “How do we implement these ideas, concepts
and principles?” (Klee, 1999), but rather, “When the cycle of shoreline movement
exceeds a century, how do we get the public to plan that far in advance?” because coastal
processes take place over long periods of time (Camfield, 1991). Investigators studying
coastal processes have been aware of the cyclic nature of shoreline change for some time
but is necessary to do a better job educating the general public (Camfield, 1991).
5.2.2

Use of artificial materials in the environment
Beach nourishment is our nations most widely used response to shoreline erosion

(Valverde et al., 1999). Although cullet has been shown to be geologically and
environmentally inert when properly produced, with the popularity of glass recycling, we
should be wary of placing cullet into the environment without performing the adequate
research for the surrounding ecosystems, such as wetlands, marshes, and reefs, along with
the inhabiting organisms. While one objective of this research is to create a new use for
cullet in Mississippi and to close the glass recycling loop, there will come a point when
using cullet in coastal ecosystems is no longer sustainable--when glass is being recycled
to make sand. It is at this point or before, other materials should be considered for coastal
nourishment practices, or economies should consider moving inland (see Hyndman and
Hyndman, 2010). “Beaches exist in a dynamic equilibrium, responding to storms or a rise
in sea levels by slowly migrating – retreating toward the land or, in the case of barrier
islands, rolling over themselves. When people interrupt this movement by compacting
and confining sand with roads and buildings, and further disrupt the flow of sand with
groins, jetties and seawalls, they demolish nature’s way of maintaining beaches and
guarantee their destruction” (Kemper, 1992; Kaufman & Pilkey, 1983). The general
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assumption with beach nourishment in general is that the erosion rate before nourishment
equals the erosion rate after nourishment (Verhagen, 1993).
Similar to the use and effects of recycled glass for beach nourishment materials,
another use of artificial materials in coastal ecosystems is their use in building artificial
reefs. Solid structures placed on the seabed to support, or as a part of, the offshore energy
units create new habitats in areas dominated by soft bottoms and can be defined as
artificial reefs (Langhamer et al., 2009). Traditionally, artificial reefs in the United States
have been built by dumping surplus “materials of opportunity”, are often used for
preservation and rehabilitation of marine habitats, and in many cases, the primary
justification for the construction of these “reefs” were for waste disposal rather than
resources enhancement (Brock and Norris, 1989; Langhamer et al., 2009;). Most artificial
constructions in the marine environment consist of non-natural materials, such as treated
wood, metal, glass, rubber, rigid plastic, concrete, or fiberglass (Langhamer et al., 2009).
However, when placed in areas of little or no topographical relief, these reefs served to
attract and locally enhance fishery resources (Brock and Norris, 1989). These “materials
of opportunity” include but are not limited to automobiles, refrigerators, tires, and
concrete pipes; and each material comes with a variety of detrimental impacts on the
surrounding marine communities through pollution and leaching of heavy metals – such
as zinc, instability due to natural disturbances by surf, or short life expectancies due to
insufficient planning to meet biological needs of target fish populations (Brock and
Norris, 1989; Collins et al., 1994). Many artificial submerged structures do not have the
primary function of reefs but will inevitably be colonized by organisms based on the
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increase in the structural volume and arrangement complexity of the materials and
substrata (Langhamer et al., 2009).
5.3

Limitations and Future Research
This research is a culmination of three projects that open the doors to further

research that needs to be done looking at cullet in place of sand before it is used in the
proposed environments. It is important to note that this research is done specifically
regarding beach environments and the appropriate research needs to be done for the use
of cullet in other coastal and marine settings before it is used in those environments.
It is important to note that any attempt to mitigate erosion is a temporary solution
to a permanent problem in that a natural process cannot be stopped long term. The
research presented herein shows three facets of a rapidly expanding realm of research that
could be done using cullet in coastal ecosystems.
Other areas of note that should be considered before the use of cullet in coastal
environments include but are not limited to: impacts of silicosis on human lungs relating
to cullet, impacts of cullet on sand-sifting and sand-dwelling organisms (both soft and
hard bodied), impacts of cullet in reef systems, the utilization or incorporation of cullet
into wetland, river, and lacustrine ecosystems, the effect of ocean acidification on the
corrosion rate of glass, and the effect of cullet on the surface temperatures of coastal
environments (albedo).
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APPENDIX A
PROJECT 1: EFFECTS ON BIOTA
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Figure A.1

IACUC approval form
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Figure A.2

IACUC approval form continued
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Figure A.3

Aquarium set up with a 50% sand/50% cullet substrate.
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Figure A.4

Aquarium set up with a 100% cullet substrate.
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Figure A.5

Aquarium setup with a 100% Biloxi sand substrate.
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Figure A.6

SEM micrograph of sand grains at 33x magnification.

Note the natural roundness of some of the grains and the angularity of the others.
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Figure A.7

SEM micrograph of cullet grains at 30x magnification.

Note the angularity of the individual grains
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Figure A.8

SEM micrograph of cullet grain at 6,000x magnification.

Note the conchoidal fracture and the organic growth.
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Figure A.9

SEM micrograph of a sand grain at 6,000x magnification.

Note the skeletal feature and the organic growth.
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Figure A.10 SEM micrograph of the surface of a cullet grain at 10,000x magnification.
Note the conchoidal fracture lines and the organic growth on the surface of the grain.
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Figure A.11 SEM micrograph of the surface of a sand grain at 10,000x magnification.
Note the skeletal structure of the grain and the organic growth in the foreground. Note the
organic growth within the skeletal structure as well.
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Figure A.12 SEM micrograph of the surface of a silica grain at 6,000x magnification.
This sample was from a 50% sand/50% cullet mixture that was exposed to hermit crabs. Note
the conchoidal fracture and some organic growth on the conchoidal surface.

130

APPENDIX B
PROJECT 2: SURVEYS AND IRB APPROVAL
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APPENDIX C
PROJECT 2: SURVEY PRESENTATION SLIDES
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