ABSTRACT
Title of thesis: DYNAMIC EQUILIBRIUM BEACH PROFILES: FORCES OF
OFFSHORE SEDI MENT TRANSPORT I N MARY
CHESAPEAKE BAY
Degree candidate: Lynda Bell
Degree and year: Master of Science, 20
Thesisdirected by: Dr. Lawrence SanfordProfessor
University of Maryland Center for Environmental Science
To examine the impact of shoreline erosion on the near shore environment, it is necessary
to estimate the quantity and quality of yearly sediment mass that is likely to be added by
erosion. Data were collected in 2008 at ten sites along the Marylam@lsne of the
Chesapeake Bay and compared to both empirical and theoretical models of offshore
profiles. The data collected at each site includserees of threglimensional
bathymetric profiles from offshore transects run at each site, aasvalseries of
sediment core data that were acquired along each transect. Relationships between grain
size, beach type, sediment composition, and strength of eroding sediments were also
explored. The results showed that sands dominated offshéicasediments at most
locations, even though the source sediments were mixtures of sands and muds. The
observed offshore profiles were consistent with expectation from ocean beach profile
paradigms, with the exception that the steepness propalitiofactor was not related to
sediment grain size. An adjusted form of the classic Bruun relationship for predicting

shoreline retreat was in approximate agreement with-termgy observations.



DYNAMIC EQUILIBRIUM BEACH PROFILES:
FORCES OF OFFSHORE SEDIMENT TRANSPORT IN

MARYLANDO6S CHESAPEAKE BAY

by

Lynda Bell

Thesis submitted to the Faculty of the Graduate School of the
University of Marylandat College Park in partial fulfillment
of the requirements for the degree of
Master of Science
2020

Advisory Committee:

Dr. Lawrence Sanford, Advisod MCES Chair
Dr. Cindy PalinkasUMCES
Dr. William Nardin UMCES



© Copyright by
Lynda Bell
2020



Dedication

| dedicate this work to my father, Robert Vincent Creter, who inspired me to become a

scientist from the time | was a little girl. Pop was a Maryland DNR biologist at the time

when environmental sciea was just inits pioneeringstage§ r om t he | ate 19600
through the 19800s. Dados di vleasupeffonts of t he LC
on theChesapeake Bay as well as some of the first protective acts for bay fisheries. The
moratorium on rockfish harvesting was set during his time, helping return this native

species at a commercial level today. His work, and his stories of the watermen and the
Chesapeake brought me back time amg again t
kiddod swimming, crabbing, and sailing in the
educator working at Horn Pointodés wonder ful
helping bring students to the beautiful shores of the Choptank. And finally, toda, | ha

the great honor of joining the MEES program as a graduate student. My time with the

faculty and staff at MEES returned me to the Chesapeake in a way that allowed my

curiosity and study of this fascinating place to deepen and grow. And now, it is with

gratitude and honor that | present this work to the University of Maryland Graduate

School in support of a degree of Master of Science.

0

E



Acknowledgements

| would like to acknowledge madvisor, Dr. Lawrence Sanford for hissight and

support over the years and for the creative inspiration for this project. | would also like to
acknowledge my thesis committee of Dr. Cindy Palinkas, and Dr. William Nardin for
their time in helping to shape and fine tune our work. Finallyquld like to
acknowledgedleffery Halka, and Richard Ortt, of the Maryland Geological Survey for
providing the field and laboratory expertise and support needed for this work.

This project was funded by NOAA Gratd-08-1218 Coastal Zone Management 237.



Table of Contents

s sz £ £ 7z £ z £ £ £ £ 7z £ z£ £ £ £ £ 7z £ 7z 7z

Dedicatio é é 6 é 6 éééééééeéeéeéceceeeeeceeeece

Acknowledgementsé ¢ é ¢ é ¢ éeééeéécéecécéeéeéeéeéeé
Tabl e of Contentséeéééééeééeééeéeéececécédeé
Listof Tabl eséééééécéécééécééeééeéeéecécécecécedie
Listof Figureg é e ¢ é é e éééecéeééeééeceééeééeeééeéévi
List of Abbreviationé € ¢ € é 6 é 6 éééééééeééeéééecéceécéé.ix
Chapter iintroductioré € é e é e é e ééeéeéeéeéeéeéeéceéel
Section 1SealevelRiseé e é e ée6éeéééeéeééeéeéeéeéeé. ..l
Section 2TheLink BetweenSeal evelRise andShorelineErosioré é € € é é é ..4
Section 3Shoreline Erosioiffects on the Nearshore Coastal Environréeéité é ...5
Section 4Management and Evaluation of Shore Eroéi@né ¢ ¢ ¢ é € € é é € 6
Section 5Analytical Solutions to EvalShoreline Changeé ¢ ¢ é é é é é € € .7
Section6. Thesis Statemeéd é e é e é e é e éeéééeéeéeéeéeé. 1l
Chapter2. Methodsé ¢ ¢ 6 é 6 éééééeééééeéeéécéécéeéeél2
Section 1. Introducticdhé é é é € é é e e éééeéééeéeééeééeéeé .12
Section 2The2008MarylandChesapeake Baydach Profile Study é é é é é € 1 4
Section3. Materials and Proceduteé é e é e é e é e ééeéeéeéeéeé .18
Field Procedues
LaboratoryProcedurs
Sediment Samplop
CoreProcessig
Preparing the Sample
Sieving the Sampl
Pipetting
Drying Sand, Silt, and Clay Fractions
Sediment Classification
RSA Analysis
........................................ 32

Sectiond. Calculations and Calibration Pléts é é é .
Bathymetric @ta processm
RSA Analysis
Estimates of the Equilibrium Constaht
Estimates of Shoreline Retrgt)
Section5. Analytical Methods € é é € é é é
Overview
Statistics
Potential Sources of Error

(0]
-
-
-
-
-
-
-
-
-
-
-
-
-
-
w
\l

(O} D~

o

Section6. Methods Conclusiogh é ¢ é e é ¢ ¢ é e ééeéeéeéeéeé . ..a5
Chapter 3. Results and Discussi oné é.a6é
Section lintroductiort ¢ é é é é ¢ é e ééeééeééeéecéécéecéeéé 46

: : 55

Section2. AnalyticalResulte é é é é éeeeéeéeééééeeeceeeeé.
Estimates of Equilibrium Parameté&r
Comparison oA

N

N
N
N
N
N
D



Chapter 4: Co
Appendi ceséeéeé
Tabl eséééeéééé
Figureséeééeeé
Bi bliographyé

Mobile Sand Unit Analys
Bruun Model Analysis

M DN Dy Dy 5
D D~ D DN O

D D DOy Dy —
D D DO DO &
DD D D

M Dy Dy DOy
D D D DN O
D D D D 5
D D~ D DN O
M- D~ Dy D

M D~ D DOy QO
D D D DOy 5

o DO D DN O
D D D D

O @ O O T
> D D D C

D D DN D~
D D D DOy C
D D~ D Dy
M D~ D~ D~ D
M- D~ Dy D

A.Q2p
é.666

.£181é

els®e
és6é

I
é

M D
([N

o

[0 )

D

at

D



List of Tables

Table 1:Site Descriptions (N to S)

Table 2:Calculatedequilibrium profile constant A) valueswith R%. 2008 Bruun Profile
Survey, from bathymetric data (Maryland Geological Survey, R. Ortt)

Table 3. Core top grain size analysis results from the Regutment Analyzer (estimates
of mean grain diameter Pnm) 1 sand portion only as well as the total sample) used to
calculate the Equilibrium Profile Constam¥)(using Equation (1.4 = 20D *%for 0.13

10°m ¢ D ¢ 0.23 103m [Maryland Geological Survey, 2008 Bruun Profile Survey]

Table 4. Mobile Sand Unit Characteristics. Percent Sand (%Sand) calculated from grain
size analysis of core samples from the 2008 suri@gtance = distance along transect in
meters from beginning of 200&thymetry transect for each sampled core position

Table 5: Bruun Model Analysis, Input Data

Vi



List of Figures

Figure 1:B r u ubdqulibrium Beach Profile [Bruun 1968]

Figure 2:Samplinglocations, 2008 Bruun Profigurvey

Figure 3:2008bathymetricexampleprofile with core locationsTodd 6s Poi nt
Figure 4. Threalimensional image of the local bathymetry collected at the Meeks Point
sample site. The analyzed transect is highlighted in red with the most shoreward point
labelled ash and the most offshore point labelledfaé The bathymetry has beeriented

for the best view of the transect. Secondary plot represents the bathymetrgectass
showing collected bathymetry in red and the fitted Bruun profile curve in green. The
calculated coefficient and the coefficient of determination areepted for the fitted line.
Figure 5. Survey ties using leveling lines and handheld GPS at Meeks Point

Figure 6. All cores collected along the Rhodes River transect (bank toe, surf zone,
plateau, and slope). Each core collected is split, labeled handgpaphed.

Figure7. Field Measurement Instructions
Figure 8. Cored Sediment in Cellulose Acetate Butyrate (CAB) tube capped and labeled,
Pleasure Island site. Pictured in the Maryland Geological Survey Sed Lab, Baltimore,

Maryland.

Figure 9.Split, Photographed Cores from Scotland Beach site from tide line, beach, and
channel

Figure 10. Research Vessel 2008 Bruun Profile Survey with an onboard perspective of
transect distance from shore

Figure 11. Leveling lines run from beach to beginrohgheasured offshore 2008
bathymetric profile at Calvert Cliffs

Figure 12 Shoreline Regression Profile
Figure 13. Scotland Beach Bathymetric Cross Sections
Figurel4a. EquilibriumparameteA calculated using 200Bruun ProfileBathymetry

Survey tarsect height and length; correlated with equilibrium paranfetaiculated
from rapid sediment analyzeore top data, sand only.

Vil



Figurel14b. Equilibrium parameteh calculated using 2008 Bruun Profile Bathymetry
Survey transect height and length; cotedawith equilibrium parametéx calculated
from rapid sediment analyzer core top data, total sample.

Figurel5. Mobile sand unit characteristics. Percent sand in core top at each core location
along the 2008 Bruun Profile Study transect, illustratindpirecsand distribution from
beach to end of transect

Figurel6. (a)Shoreline retreat estimates using 2008 Bruun Profile Bathymetric Survey
compared to Maryland Coastal Atlas historic values.

(b)Correlation of historic shoreline retreat wastimates using the 2008 Bruun Profile
bathymetric survey.

viii



PwpbdPE

List of Abbreviations

UMCES, University of Maryland Center for Environmental Science

(A), Equilibrium Profile Parameter

A-A 0Measured Bathymetfjransect End Points

A, Sea Level Height used in Bruunods

Rul e



Chapter lintroduction

Sea Level Rise

Sea level imn extremely sensitvendex of change and vari
system. Global changes in cl i mat eocearsn
whichcan lead in turn to a consequent rise in global sea l@teérshortterm
climatologicalchanges affeatg global sea levetrefluctuations in freshwater input due
to rapidly nelting glacierscoupled atmospheracean perturbationandanthropogenic

or climatological modification of the larfdydrological cycleLonger term changes
affecting sea level includfevisccelastic response of the solid eadhsostatic rebound

and tectoni@ctivity, and changes in the mass balance of ice sheets.

While sea level has remained fairly stable since the end of the ¢datidéion (Lambeck

et al., 2004)more recent changes in sea lav& have been seen in the tide gauge record
startingshortly after the beginning of the industrial era in the lateteenth century
(Douglas 2001, Cazenave et al, 201®) addition totide gauge records showing

evidence ofjlobal sea level risanean sea levehanges have beemeasured byigh
precisionsatellite altimetersvith accurate orbits since 199%lobal mean sea level
variations have been computed from 12889 using TOPEMoseidon, Jasei, and
Jasor? satellite altimetryyielding rates of 3 +/- 0.4 mm/yr Nerem et al, 201,Ablain

et al,2017,Nerem et al, 2018 This rate of sedevel rise is expected to accelerate as
melting of the ice sheets avell asocean heatantent increase as greenhouse gas

concentrations rise.
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Acceleration of sedevel rise over the 20th century has already been inferred from tide
gauge datgChurch et al, 2006, Merrifield et al, 2009, Dangendorf et el, 2@lHpugh
sampling and datasses preclude a precise quantification. The satellite altimeter record
of sealevel change from TOPEX/Poseidon, Jadodasor, and Jasofl is now
approaching 2yearsin length, making it possible to begin probing the record for
climatechangédriven acceleration of the rate gibbal mean sea levehanggChen et

al, 2017).

In addition to aclear observation of glab mean sea level rise froe gauge and

altimetry datg important regional variability has also been reported. In situ ocean
temperature data, mountain glacier surveys, satellite measurements of the mass balance
of ice sheets, and spabased gravity data from the GRACE mission have allowed
guantificaton of the contribution of ocean warming to sea level rise (Cazenave et al,

201Q Tapley et al, 2019

The physical impacts of sea level rise on coastal systems can include flooding in

association with storm surges, wetland loss, shoreline erosiomaalintrusion in fresh

surface water bodies and aquifers, and rising water tables. Changes in dominant wind,

wave, and coastal current patterns in response to local or regional climate change and
variability may also impact shoreline equilibriuhoreine erosion is generalligelieved

to beaccelerated due to sealevelrise Bird® 96 ) wi t h more than 70%

beaches retreatifgecause ofea level rise and anthropogenic forcing (Vali@i295,



2006). As sea level has risen during th& @ntury, rates of beach erosion in the
United States alone have averaged approximately 1 m/yr (LeathermaBGaGl

Leatherman2018.

The Chesapeake Bay, the largest estuary in the United Statesngplex estuarine

systen surrounded by a densetwerk of tributareswith areas of massive marsh erosion
that have been impactég rising sea level in the last centurffhe Chesapeake Bay area

is the third most vulnerable area of the United States to sea level rise, behind Louisiana
and South FlorideFor the Chesapeake Bay, global sea level rise is compounded by
substantial land subsidence rates due to the combination of groundwater withdrawal and

natural geologic effects associated with post glaciation adjustnium&lé et al2016).

Although sat#ite altimetry data has been used worldwide to constrain estimates of global

and regional sea level rise data to accuraciesiin, altimetry data coverage is too

broad in the area of Maryland and Virginiads
level changesHistoric sea level rise in the Chesapeake Bay has been measured primarily

with tide gauges and observations of shoreline lasdoric austatic sea level rise has

increased from 0.5 mm per year, from 1000 to 1850AD, to more than 3@emyear

during the 20th century (Stevenson et al, 20D@)ear trends in relative sea level heights

in theChesapeake Bags measured yde gauges from 1958007,rangeal from 2.66

+/- 0.075 mm/yr at Baltimore, Maryland to 4.406 /086 mm/yr at Hamph Roads,

Virginia (Barbosa and Silva, 2009Due to the gentle slope of most of the Chesapeake

Bay margin, asea level increase of this magnitumesr the last 50 yeamses a



significant threat in terms of wetland loss &mvironmental impaciThe deadal rate in
the 1990s waalso unusuallyigh. This unprecedented rate triggered marsh losses in
boththe Chesapeake and Delaware béajstoric Landsat Thematic Mapper satellite
imagery suggests that more than half of the tidal marsh area of the Edles&ay

shows signs oflegradatior{fKearney et al, 2002).

The Link BetweeBea Level Rise and Shoreline Erosion

One of the primargonsequencesf sea | evel rise in Maryl andéd
shoreline loss, especially along marshy shorelines. S$heieks is an issue of concern

for many coastal landowners, as well as for communities dependent on coastal habitat for
recreation and commercial fishing industridshealthy dynamic shoreline should

behave in a balanced manner with episodic eventosfom and accretion, creating a

dynamic equilibrium in the nearshore and offshore environment. Seasonal changes,

storms, orientation of shorelines (fetch), wind, and other local factors help to shape and

design a balanced, dynamic shoreline. When sehiise increases to the level that

natural dynamic processes cannot compensate fi@rinanentlegradatiorof the

shoreline ensues.



Shoreline Erosioiieffects on the Nearshore Coastal Environment

The effects of erosion on nestrore water quality and habitat are complex, as are the
effects of different types of shore protection structutestuaries and coastal

embayments of the Midtlantic region have been significantly impacted by erosion, loss
of submerged aquatic vegetati(SAV), loss of marsh, increasing shoreline hardening,
nutrient enrichment, declines of key species from overharvesting and disease, and
hypoxia and sustained algal blooms (e.g. Hagy et al. 2004, Kemp et gl Glib@%t et al
2014 Griffith et al 2020. In addition, climate change and climate variability interact
with these stressors to alter temperature, freshwater flow, sea level, and ultimately
population dynamics of both benthic and pelagic species (Kimmel and Roman, 2004,

Kimmel et al. 2006).

In general, erosion leads to increased nutrient loads, all of which degraddhaesar

water quality. Sediment input is greatest in neséwore waters due to shore erosion in the
northern (Maryland) reaches of the Chesapeake Baythermore, erosion is a soa of
sediment deposition into navigable channels that then require dredging (Marcus and
Kearney 1991; Hobbs et @0®). However, natural eroding shorelines also can provide
ecosystem services such as beach habitat and a source of sediment for S&wlbeds
marshes, which in turn improve water quality and help protect shorelines from further
erosion. Thus, management of erosion is a significant challenge, particularly in estuarine

systemsKoch et al, 200¥.



Management and Evaluation of Shore Erosion

Several important types of information are required to evaluate and manage shore erosion
appropriately. Among the most important is an understanding of historical rates of
erosion and how they relate to environmental factors such as wave attack, tidal
height/flooding, bank composition and heighear shorsediment composition, theear
shoredepth profile, and rates of sea level rise. Given a reasonable understanding of these
factors, it should be possible to estimate the response of unprotectdihebdoe

changes in sea level and weather, due to climate change.

To examine the extent of offshore sediment transport due to shoreline erasibabla
estimate of the rates and composition of sediment input intcsheeg waterss
necessaryNea shore bottom sediments may account for a third to a half of the total
sediment input due to shore erosion. Theresaxery few detailed data sets available on
nearshore bathymetry and bottom sediment composin Chesapeake Bdlgat recent
estimats of sediment input due to shore erosion have been based on application of an
assumed split between bank and reenre contributions applied uniformly to all
locations(Hennesseet al. 2003; Dr. Carl Cerco, Pl for USEPA Chesapeake Bay Water
Quality Modeldevelopment, personabmmunication) Analytical profile modeling is an
alternative technigur modeling shoreline and profile change. By developing
analytical solutions originating from mathematical models that describe the basic physics
involved inshoreline change, essential features of beach response may be derived,

isolated, and more readily comprehended.



Analytical Solutiongo Evaluating Shoreline ChangEguilibrium Beach Profiles

An equilibrium beach profile results from steady wawmeing during the seasonal cycle.

In the summer sand is deposited on to the begedting a bermwhile the winter beach

is charaterized by sand being eroded from the beach and deposited into the near shore
and offshore profile Beach profiles fluctug with asonal cycles of wave enenghere
beach slopes are a function of the ratiodhe disturling wave forces versubke restoring
particle forces Slopesarealso related to grain size, where larger grain sizes generate

steeper beaché€Benassai, @06).

To accurately moddbeach profiles, closefibrm mathematical solutions of the equation

for shoreline and profile @mge have been developed (Brul®68; Edelman, 1972;

Dean, 1991; Kriebel and Dean, 1993 hese aalytical solutions serve maintg identify
characteristic trends in beach change through time and to investigate basic dependencies
of the change on the incident waves and water levels as well as the initial and boundary
conditions. Equilibrium beach profile models have been developegkiimine various

features of beactesponse to shoreline change.

Dean (1983) defined an equilibrium beach profile as a profile that results from steady

wave forcing during the seasonal cycle with the assumption that the system is undergoing

constant eargy dissipation.He expressed this relationship as

1/hdF/dx = D (1.1)



where h is water depth at a distance x from the shoreline, Fusatreeenergy flux in

shallow water, and 8s the dissipation coefficient of energy. Using linear wave analysis
and the equation for wave energy flux in shallow water, Dean was ablénatesan
equilibrium parametefA) that was related to breaking depth (d) and the distance offshore

to the breaking depth (x) using the equation

d = Ax?3 1.2)

Moore (1982) and Dean (1983), found thatvas possible to define a relationship

betweenhe equlibrium parameteA and ranges déeachgrain diameter (Das well ago

thefall velocity (wr) of particles (Moore, 1982; Dean, 1983jor example:

A= (104 +0.0861(D))> for 0.12 10°m¢ D ¢ 1.0 10%m (1.3)
A=200 063 for 0.13 10°m¢ D ¢ 0.23 10°m (1.4)
A= 0.50; 4 wherews = fall velocity inm/s (1.5)

This allowed a beach profile model to be developed that related energy dissipation and
wave energy flux in shallow water to grain size of the transported sedimentwd he

thirdspowerlaw relationshign equation (1.2also estimates jgarticularshape of the

profle. Deandés equil i bri um pssipation df energgoweél s howed



breaking waves destabilizes sediment partiddaswhen destabilizing forces equal

restorative forces dynamical equilibrium occurs.

One of the fist classic beach profile models used to calculate the response of the

coastline to sea water level was developed by Bruun (1968). Bruun tested his model with

both lab experiments and field studiesalculate both the landward and shoreward

limits of theequilibrium profile and is referred to nowBs u u n 6 ©«rBMauduenlé6 s Rul e
(Benassai, 2006). The model looks at both the sediment volume variation on the active

portion of the beach profile and the volume needed to maintain the profile in equilibrium.
Bruundés Rule combines the generated sand vol
volume needed to maintain equilibrium. By doing this, he was able to

relate shoreline retreat to the vertical extension of the equilibrium beach profile, sea level

rise, aml the berm height of the beaffigure 1)
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Figure 1. Bruundés equilibrium beach profile



Bruunds Rule can be written in the form:
X=AQ /B+D (12.6)

Where

X = shore retreat (regression of the coastline)

A = increasen sea leel (sea level rise)

D = limiting depth between predominant near shore and offshore material

C = distance to limiting depth from the shore (amplitude of the equilibrium profile)

B = shore elevation (berm height)

BruuRwilse i s independent of m@ssareshdtmofie hape whe
shape is estimated by tfBp ower | aw and is dependent on gr
useful forits simplicity although it ofteroverestimates beach regressiBerfassai,

2006).Deands model i ncorporates the idea of gr e
shape butmay not be applicable to all types of shorelines. Howeliesgt models can be

used together to estimatee amount of sands input by shoreleresion as well as the

guantity of yearly sediment mass thalikely to be added to the near shore environment.

Thesis Statement

It was proposed that the Bruun and Dean models of offshore equilibrium beach profiles
could be applied to sites in the Chpsake Bay in Maryland if consideration was made

for the differences in site composition, location, and environment from the original sandy

10



beach open ocean sites that were the basis for the Bruun and Dean models. By using
bathymetry to survey and map tlgape of the whole offshore physiographic profile

along a transect perpendicular to the beach at each site, and choosing sediment sampling
sites to obtain cores that reflected beach and transect morphology and site variability, a
data set was acquired th@uld be used as input to several of these analytical profile
models. These data were then used to attempt to answer questions on how far offshore
the coarse sands get transported, whether there was a dominant amount of fine sediments
being transportedffshore, which types of shorelines provide the most fine sediments to
the offshore sediment budget and how far offshore they are transported, and finally
whether the rates calculated for shoreline erosion at each site agree or disagree with
profile modelpredictions. By answering these important questions and comparing these
measurements to models of offshore equilibrium profiles, a better estimate of the amount
of shoreline retreat as well as the amount and type of sediment transported offshore

duringsea | ev el rise in Marylandés Chesapeake

11
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Chapter 2: Methods

Introduction

Site selection should be influenced by certain temporal and spatial boundéess

survey andlefine a physiographic unit such as an offshore beach profistudy short

term coastal dynamics, a short time interval that allows for analysis ofithe da

phenomena over the observed period is a sufficient temporal scale in which to design the
survey. To observe a spatial scale or shape of a physiographic unit, it is necessary to
survey the entire unit, which is defined as the zone where any coastgéchalan or

profile influences th adjacent coastline. Surveyitige physiographic unit is important

to define the limits of the area affected by coastal dynamics. Several surveys can be
combined to define profile shape such as topographic trankeuiss(irvey data),

bathymetric surveys, and analysis of photos and maps of historic shoreline. Sediment
sampling also can provid@assessment of beach and profile morphology and

variability, with sampling points located at all major changes in morpk@tang the

cross shore transect that defines the profile. Shoreline seasonal changes and engineering
structures should also be considered in selecting sangings. This allows for

samples to be spatially located and related to important changesphotogical and
hydrodynamic zones. These samples can then be examined further in the
sedimentological laboratory by analyzing both the physical and chemical properties of
the sediment at each site. This data can then be used as input to equilibohmproéke
models and estimates of shoreline regressidre sites in this study were selected
create a survey of Marylanddés Chesapeake
eroding beach types, berm heights, fetch orientations, and geographianie®¢gigure

12
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2). This diverse set of data was then used as input to test the effects of onshore and
offshore sediment size and strength, physical properties of the environment, and sea level

rise on the shape of the offshore profile.

The resultant prdke parameters were then used in calculations of shoreline erosion rates.
Sites were also selected to test whether the offshore profile shape in the Chesapeake will
exhibit a degree of dependence on factors other than grain size and the associated
incidert wave energy. The composition and relative strength of the eroding sediments
that comprise both the shore and the adjaceat shorare likely to strongly influence

the resulting profile shape. Where insufficient sand sized particles are availtdde in
eroding geologic formations to create a mobile beach anesheag environment, it is

not clear that the equilibrium profile will apply. Similarly, portions of the profile can be
strongly influenced by the antecedent topography that was formed theitegst glacial
maximum when sea level was as muc®hsneterdelow its present level in the mid
Atlantic region. Where the eroding banks are sandy and relatively high, a large amount
of sand sized particles are delivered into the shore zone aridfiudéince the resultant

profile shape. This survey represented a variety of beach sediment types ranging from
coarse sands to fine silts as well as a variety of beach heights such as high bluffs, low
sandy pocket beaches, and an eroding marsh site (T,apgpendix 1) These factors

and their influence on the offshore profile were used to determine site selection in the

2008 Bruun Profile Survey.

13



The 2008 Maryland Chesapeake Bay Beach Profile Study

In 2008, data were collected at ten sites along 16tnkters of the Maryland shoreline

of the Chesapeake Bay and compared to both empirical and theoretical models of
offshore profiles to better estimate a sediment budget for eroding shorelines in an
estuarine environment. This effort was a madjency collaboration with University of
Maryland Center for Environmental Science, Horn Point Labs (UMCES/HPL) and the
Maryland Geological Survey (MGSupported by NOAA Grant 1@8-1218 CZM 237.

The surveyed area included bay shorelines from Kent County, north of the Chesapeake
Bay Bridge (near the Estuarine Turbidity Maximum), as well as shorelines on the eastern

shore (from Tilghmandés | sland to Habon@gésbs

S

Chesapeake Bay (St. Marybds and Calvert Count

2008, a data report was prepared and delivered to the Maryland Chesapeake and Coastal
Program, and the information was added to Maryland Shorelines Online
(http://shorelines.dnr.state.md.usb6w inactivg. Since that time, the information from
Maryland Shorelines online has been incorporated into the Maryland Coastal Atlas

(https://dnr.maryland.gov/ccs/coastalatlas/Pages/defauly.aspx

Thedat collected at each site includederies o§hore normathreedimensional
bathymetric profiles of an offshore transect run at eachdiiferential leveling at the
shoreline, and collection of sediment cores and grab samples along a surveyed offshore

profile. Further analysis of these data, as well as existing historical shoreline change

14
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data, provided an assessment of whether the observed rates of shoreline retreat could be
explained by simple shoreward translation of the observed Bruun profile, given the

historical rate of sea level rise.

To attempt to answer the question of whether simplified clésed mathematical

solutions of offshore sediment transport can be applied to the 2008 Chesapeake Bay

study, several limitations had to be examined.mDéas model for equi |l i bri
profiles was based primarily on sandy beaches and the transport of a mobile sand unit

into the near shore environment during shoreline recession. The beaches surveyed in the

2008 Chesapeake Bay study were not entirely ceagbof sand. The site compositions

varied with a mixture of coarse and fine sands, as well as several of the sites being

entirely composed of marsh sediments. These sites were purposefully selected to see if

these profile models could be applied to siked had a variety of sediment types.

Bruundés Model may also be |imited in its app
most of the field data used in Bruundés study

were dominated by ocean swells.
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Site Name Site Number | Location GPSPosition Shoreline Bank Elev | Extent
(UTC) Type above water| Reach
Meeks Point Eroded bluff
11 Kent County | 4356452N fronted by 7-15m 400m
402345E beach
Pleasure Island| 15 Baltimore 4343481N Graded Graded 175m
County 379605E beach shoreline
Rhode River 18 Anne Arundel| 4302781N Bluff with 3m 200m
County 368124E adjacent
beach
Long Point 7 Dorchester 4295313N Eroded bluff| 0.6-1.5m 150m
County 386287E fronted by
beach
Toddods 33 Dorchester 4275778N Low bank; 0.91.2m 200m
County 391156E pocket
beach
Scienti|21 Calvert 4264203N Bluff 15-18m 100m
Cliffs County 368244E fronted by
beach
Calvert Cliffs 22 Calvert 4251633N Eroding 20-25m 500m
County 376940E bluff
Richland Point | 3 Dorchester 4234310N Eroding 0.3m 500m
County 397254E marsh
Elms Beach 23 St . Ma n 422791N Bluff 2m 100m
County 380739E fronted by
beach
Scotland Beach| 25 St . Mai 4214826N Bluff with 0.31.2m 350m
County 383312E beach

Table 1. Site Descriptions (N to S)
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Materials and Procedure

To measure dong-distanceoffshore profile, a field definition of the profile was needed

to begin the surveykForthis survey, an offshore profile was defined to be a measurement
profile run pependicular to the shoreline from beach to the beginning of the main
channel. Sediment cores were then collected from the beach to an offshore profile point,
measured perpendicular to the shoreline for each site. Bathymetry and GPS data were
collected alog the profile, and grain size analysis was completed for the mobile sand
layers of the beach and nesdrore sediments in order to examine the relationship

between sediment size and the equilibrium profile parameter for Chesapeake Bay

shorelines (Figure,Appendix 2, Appendix 3
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Field Procedures

Bathymetry data eretaken with an echo sounder collocated with an onboard,
boat mounted Trimble GPS receiver across a grid covering the offshore profile
both along reach and perpendicular to the shore. This allowed for a sampling
interval large enough to creat¢hmeedimensionaloffshore profile of the bottom
along the profilgFigure 4) To tie the beginning of the onboard bathymetry

profile with the beach site, local land survey ties were needed. Leveling lines
were run from the beach site into the water to the begirofithe onboard
bathymetry profile site using leveling equipment &addheldTrimble GPS
receivergFigure 5) These surveys were correlated with historic ties in the study
area where previous site sediment studies were conducted by the Maryland

Geologcal Survey.
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Figure 4. Threalimensional image of the local bathymetry collected at the Meeks
Point sample site. The analyzed transect is highlighted in red with the most
shoreward point labelled a&s and the most offshore point labelled A The
bathymetry has been oriented for the best view of the transect. Secondary plot
represents the bathymetric cresstion showing collected bathymetry in red and
the fitted Bruun profile curve in green. The calculated coefficient and the
coefficient ofdetermination are presented for the fitted line.
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Figure 5. Survey ties using leveling lines and handheld GPS at Meeks Point

Sediment core dataasethen simultaneously takdérom the shore along the

profile, out to approximately 9 metedtspth at the edge of the main channel, with

an average sampling interval of four cores per(Eitgure 6) Core locations

were also marked with a TrimbleandheldGPS receiver. Core selection criterion
were based on representation of geomorphological changes algrofitee

observed while on sitejther at the beach or through bottom profiling on the

survey boat. A beach core was taken at each Bite neaishore profile was

sampled at the mean tide line and several meters offshore at 1m water depth. The
remaining offshore profile was sampled based on bottom structure viewed

through the depth findesuch as sand wavemnd finally out to the profile end
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point at approximately 9 meters deptinstructionswere developed ithe fieldto

accurately describthe process of profile measuremend aoring (Figurer).

A EGEIPIIaIDPAEARNDEr -~ =R B

Figure 6. All cores collected along the Rhodes River transect (bank toe, surf
zone, plateawand slope). Each core collected is split, labeled, and photographed.
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Field Measurement Instructions

Task 1: Identify site
Purpose: Understand current conditions and fetch which influences erosion

Step 1.Go to coordinates on site page. Verify site has not been armored or
changed to prevent erosion. If site has been armored, see if there is daldecep
site in the neavicinity thatappears to be the same structure (bank height, soil
type, etc.). Record a short description of site, take some pictures, and describe
fetch and shoreline.

Task 2: Conduct a bathymetric survey of site

Purpose: To develop a profile from the shorehi offshore. The lines surrounding th
main profile are used to verify there are no anomalies in the prdikecute using
KnudserEcho controlsoftware and load config file: Bbruunbruunconfig.cfg. Verify
GPS coordinates are being read. Record bmttary and ascii file with everything
selected for the ascii file (this is default and should not need to be changed)

Step 1 Run a line (in either direction) perpendicular to the shoreline using the site

coordinates (generally) as one end. The linailshiun far enough out that you see the

depth drop off significantly to a plateau. The goal is to run the line long enough to

the sediment is being lost in the sink rather than active mobility. At Pt. Lookout that

looks to be aroundl4-foot depth,and at Scotland beach that lookd&around®1-foot
depth. It was founbtlest to watch Ozi to run this line straight and perpendicular to th
beach. Record the ending point of this line as the transect end point on the datash
documentation pugses, try to run this at the same speed and fairly straight.

Step 2 After this profile (in a new file)runtwo lines to the north of your profile line and

two lines to the south of your profile line (all perpendicular to shoreline). Thistisg
demonstrate that there are no major variations in the profile. If necegsamgan pick

where

Eet. For

one of those lines as your main profile line if there is something in the way or anomalous

in the first one. If you move the main profile line to one of thaker ones, change the
transect end points on the datasheet to match the one you pick.

Step 3 Finally, do two or threeross trackgnew file) just to have some tias for the
survey. Try to make one of these as close to shore as possible tothelewi
bathymetry creation.

Task 3: Differential Leveling at shoreline
Purpose: Tien upland topography with bathymetric profile.

Step 1 Setupthetripod and level at high spot (typically on bank)thiébank is

unmanageably high.é.> 15 feet or so}henjust setup at base and provide an estima
of bank height. Record GPS (white Magellan) of tripod and height of instrument (st
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rod measurement from ground to the center of the level objectivedt#teron
datasheet

Step 2Record several points to generally describe upland topography to near shor
bathymetry. Typically, completa top of bank reading, toe of bank reading, high wat
mark (rack line), tide level mark (current water level), and dwvthree readings of the
nearshae. Each site is different. If there is a bluff with a straight drop to the water,
will not be necessary to survag many pointsAt each location record GPS, and leve
readings (middle most importambp, and bottom readings for distance). Annotate
data sheet. Also annotate the time (UTC from the white GRP®)ddide level mark so i
is possible t@o back and retrieve tide information to tie both the upland and the
bathymetry surveys together. For points collected in thestesie, recordstimated
depths also.

Task 4: Collect cores and grab samples along profile line
Purpose: Collect and describe the active mobile sediment layer along the profile.
Secondary purpose is to attempt to describe the thickness of this layer.

Step 1 Collecta core sample and grab sample at a location near the tide line, but ir
water. Typically, this is in water depths of less than a foot. Annotate @B&h,and any|
other data on datasheet. Label core and grab bag with site name, date, and cogs #
will generally be between 60 and 2 f e

Step 2 Collect 34 more cores and grab samples along the surveyed profile. At eag
record depth, GPS location, and obtain a grab sample and core. In generaltattem
core along significant structural changes and before the profile rolls off to depth. T
has been more complicated to determine in the field and generally turns into collec
core at 1 meter of depth along the profile, two meters of depth alemydfile, and threg
meters of depth along the profile. If there aand waves in the profile attenptcollect
a core at a peak and trough of the waves, and then one more before the prohiié tl|
depth. Wth anything deepehan 2.5 meters opsit is necessartp use the aluminum
liners. It was found that simply drivirige CABsto refusaland pulling them out with
the plumberés test bob is the best me

(1%}

er

t

1 the

t. Co
et i

th site
DOt

his
ting a

1Y

t hod

rather than just purely pullingpem out &o seems to helip retrieval.

Figure7. Field Measurement InstructigrR. Ortt, Maryland Geological Survey
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Laboratory Procedurdsr the 2008 Bruun Survey

The definition of sediment morphology and texture gives some indications of
theirorigin and evolution; the analysis of petrography is useful to define the

origin of sediment matrix. Grain size can be defined by direct measurement of
particle diameters or, indirectly, by
based on settlingelocities of quartz sphereBhe most important sediment
characteristic is the particle grain size (the measure of grain dimensions and their
statistical distribution). Other interesting parameters are color, texture, surface

morphology (aspect and strunt), shape and degree of rounding.

One technique ofrgin size determination uses a set of nested sieves with

different mesh size An amount of sedimenfzasseshrough a sedf nested

sieves in which the size is gradually smaller down the stack. Gragrisapped on

a sieve if their size is smaller than mesh openings. The sieves are agitated by hand
or mechanically to make the selection more efficient (without forcing the grains
through the mesh). The weight of each size class is expressed anaqfdiee

total sample weight.

Analysis of muddy sediments commonly carried out by pipette analysis. The
sample of sediments is put iroaeliter graduated cylinder containing distilled
water. An amount of dispersing agent is added to avoid pdtactilation.

After agitation, 20 ml aliquots of mixture are taken using a pipattepecific
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i nterval s, as s u fewaeribdach lligubtss egaporated ana g .
the sediment amount is determined measuring weights of containers with and
without sediments. In somases, the presence of contaamts can have a

significant influence on the accuracy of measurements.

Sediment size classification is usually performed with the assumption that

particles are roughlgircular,and the grain secan be expressed as a projected

cross section.Most common classifications are based on Wentworth scale and

Krumbein scale. Statistical analysis of sediments demonstrates that size

di stribution of particles hiassth@ll @@ar it hn
diameter of a particle D (mm) =" Sedimentological analyses and

interpretations clearly depend on the quality of data; quality data can be best
achieved through standardized sample prep
Maryland Geolgi cal Soci etyds Coastal and Estuar
Lab has carefully developed procedures for grain analysis. These procedures are

detailed in their laboratory procedures mararad were followed in the

processing of the 2008 Bruun Survey sagspl

Sediment sampling

Subaqueousediment samples wecellected for analysis using specialized
equipment. Grab samples and cores were collected asgadbored sediments

were collected ireithercellulose acetate butyra€AB) or aluminumcore liners.
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Recovered cores we trimmed at the skmentwater interface, cappednd

returned to the lab for analygiSigure 8).

Figure 8. Cored Sediment in Cellulose Acetate Butyrate (CAB) tube capped and
labeled, Pleasure Isldrsite. Pictured in the Maryland Geological Survey Sed
Lab, Baltimore, Maryland.

Core processing

In the lab, sediment cores wesit, photograped, and described. Each core was

carefully examined to identifyeslimentary units and classified using Mensell

system of sediment classificatiddediments weréhensubsequently subampled

and readied for analysé@sigure 9)
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Figure 9. Split, Photographed Cores from Scotland Beach site from tide line,
beach, ad channel

Preparing thesample

Sediment samples weamalyzed for water content, bulk density, and grain size.
Two homognous splits of each sample werecessedone for bulk property
analyses and the other for grain size characterization. Sample®useder

content analysis wemvided into 1520 g portions, dried at 86, and hen
reweighed. Water content wealculated as the percentage of water weight to the
total weight of wet sedimenfamplesised for grain size analyses wereided

into 35409 portions and immediately introduced into a mstép cleaning

process to remove salts, carbonates, and argaaiter that could interfere with
analysigMaryland Geological Survey Sed Lab Procedure, personal

communication, J. Halka).
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Sieving thesample

The separation of sand and-silay portions of the sample wascomplished by
wet sieving through a-phi mesh sieve. The sand fraction wdrsed and
weighed. The finer silt and clay sized particles warspended in 1000mL of

dispersant solution and readied to pipette.

Pipetting

In a 1000mL graduated cylinder, thediment wasgitated and suspended. At
specified tmes thereafter, 20mL aliquots equipetted (Carver 1971, ko

1974): these subamples werassumed to represent tiirge-grainedsediment
present in the sampl e. The pipette
calculate the distribution ofrfe particles in the sample. Based on the theory that
the larger particles will fall at a fasteate,and velocity is proportional to the
square of the diametethe size distribution wadetermined by recording the

change in the sample weight as a tiorcof time.

Drying sand,silt, andclay fractions

The sieved sand fraction and eifed silt and clay aliquots wedeied at 68C and
weighed. The percentages of dry weight of saiticland clay werecalculated for

eachsample. Sand fractions were tHarther analyzed using a rapid sediment
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analyzer (RSA All fraction percentages weoalculated based on the dry weight
of sand, silt, or clay relative to the dry weight of the entire dewatered sediment

sample.

Sedimern classification

Given the proportions of sand, silt, andyckize particles, sediments were
classified accor di ngystemsof Gassefigaion.dhies and
procedure wasompleted by calcutang the necessary parameteeeded to

determinewater content and grain size distribution.

RSAanalysis

The sand only portions of each sample were further analyzed using the rapid
sediment analyzer in the Sedimentology Laboratory at the Maryland Geological
Survey. The rapid sediment analyzer developed by the Maryland Geological
Survey is based on a microbate system designed by Gibbs (1974), and

modified by the Coastal Engineering Research Center of the Army Corps of
EngineergThe Design and Calibration of a Rapid Sediment Analyzer and
Techniques for Interfacing to a Dedicated Computer Sydtatka et a1 1980)

The basic system consists of three elements: a plexiglass tube filled with degassed
water, a sample introduction, or injector assembly; and a digital electrobalance

(Cahn model DTL 750Q0) resting on an adjustable Xable. The
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electrobalanceral injector are interfaced withHewlettPackard 9821A
programmable calculatoiThe Rapid Sediment Analyzer (RSA) is basically a
long cylinder containing distilled water, where an amount of sediment is
introduced and allowed to settle. Particles arkectdd on a pan connected with a
balance recording sediments weight. The RSA has a computerized system to
record weight data over time. The method is based on the principle that the
falling velocity of grains in water varies with the diamestrapeand specific
weight of particles. The system measures indirectly the grain size, on ihefbas
settling and hydraulic behavior of particles. Measured velocities are compared
with known settling rates and the distribution of particles is expressed as

Agui val ent di ameterso.

Calculations and Calibrations

Bathymetic Data Processing

This study required the processing of several uniquely different data sets. For
analysis obffshoretransects, and bottom slope features, bathymetry data was
taken with an echo sounder collocated with an onboard, boat mounted Trimble
GPS receiver across a grid covering the offshore profile both along reach and

perpendicular to the shofEigure 10)
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Figure 10. Research Vessel 2008 Bruun Profile Surveyamitbnboard
perspective of transect distance from shore

This allowed for a sampling interval large enough to credteeedimensional
offshore profile of the bottom along the profil€o tie the beginning of the
onboard bathymetry profile with the beach site, local land survey ties were
needed. Leveling lines were run from the beach site into the water to the
beginning of the onboard bathymetry profile site using leveling equipment and

handheldTrimble GPS eceivergFigure 11)
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Figure 11. Leveling lines run from beach to beginning of measured offshore 2008
bathymetric profile at Calvert Cliffs

These surveys were correlated with historic ties in the study area, where

previous site sediment studieere conducted by the Maryland Geological

Survey Analysis ofthe bathymetry data, aradl the ties to the land surveys, as

well as the GPS weigh points that were collected, was complsilegl Golden

So f t wGrapledsa 2D and 3D graphing, plotting, and analysis software

package. Thiprogram wasisedtof i t t he measured transect

written as the equation
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d:AX2/3
where the y axis ithe depth, and the x axis is the measured transect. This allows
(d) to be calculated from points along the transect as they are fit to the
equation. (A) is then dit-derivedconstant, as opposed to being calculated from
grainsize. This was the fist approach to calculatir(@), using the bathymetric

transectdata only, and no core or grain size data along the offshore profile.

RSA Analysis

Improvedaccuracy ofdry weightestimates fothe sand fraction of the sample

was completed using the Rapid Sediment Analyzer described above in [Methods,
Laboratory Proceduresfediment classification walsencompleted by

calculating the necessary parameters needed to determine both wateragmhtent

grain size distributioifAppendix 4)

Estimates othe Equilibrium Paramet€A)

Using linear wave analysis and the equation for wave energy flux in shallow
water, Dean was able to estimate an equilibrium pararg@ténat was related to
breaking depth (d) and the distance offshore to the breaking depth (x) using the
equation

d =Ax?? (1.2).

Additionally, Moore (1982) and Dean (1983), found thatas possible to define
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a relationship between the equilibrium param@¢iand ranges of beach grain
diameter (D) as well as to the fall velocitys\wf particles (Moore, 1982; Dean,

1983). For example:

A= (1.04 +0.08B(D))> for 0.13 10°m¢ D ¢ 1.0° 10°m (1.3)
A=20D % for 0.13 10°m¢ D ¢ 0.23 10%m (1.4)
A= 0.50; %4 wherew; = fall velocity inm/s (1.5)

In the 2008 Chesapeake Bay Bruun Profile Study, estimates of grain siee

sand portion of the core top samplesrethenused to define the beach grain
diameter, D Additionally, the fall velocity wwas measured for each sand aliquot
tested in the Rapid Sediment Analyzer (RSA). These measurements of P and w
were therused to calculate the equilibrium paraméfdras dependent on grain

size for comparison of estimates(8) as defined in the bathymetry analysis

which wasdependent on profile shap

Estimates oShoreline RetreaiX

Bruunds Rul e ctedshnd vwokime variatien wthretime eequared
sand volume needed to maintain equilibrium. By doing this, he was able to
relate shoreline retreat to the vertical extension of the equilibrium beach profile,

sea level rise, and the berm height of the be&élding input variables of profile
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length (C) and depth (D) at the end of transect from the 2008 Bruun Profile
Survey, as well as local sea level rise from tide gauge data at ea@), séted

historic shoreline berm height (BB r u u n § writteR in fthe form:
X=AQ /B+D (1.6)

was used to estimate shoreline retreat (X) from the 2008 survey data.

Analytical Methods

Overview

Various models have been proposed to explain the shape of a shore perpendicular
profile across a beach and the associated nearshore environment. The profile at
any location is presumed to represent a dynamic equilibrium in which the forces
that tend to exde the shore and move sediment offshore are in relative balance
with the forces that tend to move sediment onshore, resulting in an equilibrium
profile. This equilibrium represents a balance between the destructive and
constructive forcesf beach devejamentover a long period of time, which, on

sandy shores results in a profile shape that is almost invariably concave upward.

[R. Ortt, personal communicatipn

In the 2008 survey, analyses of the bathymetry data and how it relates to

equilibrium profiles was based on the relatively simple mathematical form of
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d=Ax**based on Deanés 2/ 3 .l aw stated in

Here,d was understood to be the equilibrium defathas a function of the
distance offshorex. The equilibrium profile constanfj was then empirically

calculated for each 2008 profile location for the best fit to the data

The appropriateness of this equation for open ocean sandy coasts was documented

in a study of 500 profiles from the East and Gulf coasts of the United States (De
1977). Justification of the use of tH#3 power functionn the 2008 analysis was
that itprovided a reasonable fit to the data aatj has been recommended for use
in describing equilibrium beach profiles in the U.S. Army Corps of Engineers,

CoastaEngineering Manual (Dean et al., 2006).

Objections to the use of this equattmave been related to the fact that it is a two
dimensional representation of a three dimensional environment and does not
account for longshore transport of eroded sand, oes @ account for

interruptions to that longshore movement by coastal inlets or other features. The
eqguation is also monotonic in form and cannot adequately represent offshore bars
that often occur in the Chesapeake Bhyaddition, the equation assusrtbat the

profile is closed at both the landward and seaward sides. Thus, no sediment

moves | andward of the dune | ine or ber m

dept ho. Many barrier beaches which have

equilibrium equation migrate landward in response to risingees via over
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wash and thus violate the assumption that movement of sediment is only between
the beach and the nearshore environment. However, the gesrdrahtion in

the work of Dean (Dean, 197 8nd the recommendation of its use by the Amy
Corps (Dean et al., 2006) argues in favor of its use in describing the
characteristics ahebeach and associated nearshore environment in the

Chesapeake Bay (Maryland Geological Survey, R. Ortt, 2008)

Theprofile shape described by Equation (1.2) has been utilized to estimate the
landward translation of the shore (i.e. shore erosion) in response to sea level rise
that is necessary to maintain the equilibrium profile. This relatiortsinigoe

illustrated sbhematically as a shoreline regression profiigre ).
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Figure I-3-32. Components of sand volume balance due to sea level rise and associated profile
retreat according to the Bruun Rule

12. Equilibrium profile showing the relation between areas of deposition and
erosion in response to a given sea level rise. From U.S. Army Corps of Engineers

Coastal Engineering Many&008 Figure 111-3-32
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In response to a given rise in sea level, sediment is deposited on the bottom
seaward of the déintersection point. o
transport into or away from the profile location, the shore will erode to provide a
volume of sandaughly equivalent to that deposited in the adjacent nearshore
zone. The profile shape immediately adjacent to the shoreline will determine the
amount of erosion that takes place. Thus, with knowledge of the equilibrium
profile shape and the constdA) in Equation (1.2), the potential shore erosion

for a given sedevel rise can be estimatéwm the Bruun equation Despite the
simplifications inherent in this equation as noted above, an analysis of nearly 300
profile locatiors along the miédAtlantic coast that were not influenced by inlets or

coastal engineering projects found a high correlation between sea level rise and

shore erosion gsredictedby the Bruurrule (Leatherman et al, 2000).

Statistics

The shape of the equilibrium profile, and thus the paranj&tén equation (1.2),
has been shown to be related to the sediment grain size or fall velocity as a
conseqguence of the ability of the incoming wave energy to erode and move
particles of differehsizes (Dean, 1991: Hanson and Kraus, 1989). Foséinds,
the value of A) has been estimated to range from approximately 0.063 to 0.15
(Dean et al, 2006), and for sediments finer than sdA)isalues are less than

0.05.
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To examine influence othe estimates dfd) further, orrelation between

empirical estimates of the equilibrium paraméfrusing bathymetry data, and
calculated estimates of the equilibrium param@using grain size data was
completed using a regression analysis. Theetation between these two
estimatesofA)\was compl eted using MS Excel 6s
for the coefficient of determinatiofR, R, adjusted R), and standard error. An

ANOVA regression was also completed (Appemix

In addition to examining the bathymetric and grain size data to look at the
relationship between sediment size and the equilibrium profile parameter, the
shape of the profile itself was plotted using the bathymetric ddtabathymetric
cross sectionshownin Figurel3 are three dimensional images of the local
bathymetry collected at a sample site. The analyzed transect is highlighted in red
with the most shoreward point labelladand the most offshore point labelled as
A 6 The bathymetry has beenanted for the best view of the transect. Located
below thethreedimensionaimage of the bathymetric profile are bathymetric
crosssections showing cldcted bathymetry in red and the fiteeguilibrium

profile curve ingreen The calculate@quilibriumcoefficient (A) (labeled here as
C), and the coefficient of determinatio &e both presented in the cross

sectional plot for the fitted line.
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Bruun Profile
Scotland Beach

20x Vertical Exaggeration

Meters - Mean High Water

Prlnr

4:14-9007’: The red line depicts the transect used for analysis.
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Figure 1. Three dimensional image of the local bathymetry collected at the sample site. The analyzed transect is
highlighted in red with the most shoreward point labelled as A and the most offshore point labelled as A'. The
bathymetry has been oriented for the best view of the transect.
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Figure 2. Bathymetric cross-section showing collected bathymetry in red and the fitted Bruun profile curve in green.
The calculated coefficient and the coefficient of determination are presented for the fitted line.

Figure13: Bathymetric Profile Example, Scotland Beach Site
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Potential Sources of Emro

Survey geometry in the 2008 Bruun Profile Surwasdesigned tdoest estimate
the equilibrium beach profile at each sitéowever, hese assumptions in
geometry mayave contributed tpotential sources of error the equilibrium
profile models tsted in this studyThe first assumption made in the field was the
definition ofthetransed lengthto be measureduring the bathymetry surveys
The transect length wasfdesd as a line with a starting point on the shoreline
(pointA, figure 13)and an end point at the location in the Chesapeake Bay
channel wheréhe baybottom flattened oubr whenthe water depth plunged
when watching the bottothrough sonar on the bogdoint A 6figure 13) The
plottedtransecprofilesshown in Figure 13 therepresent the entimaeasured
beachprofile, with theupland survey data incorporatedthe profile Using
Deands e d=uAx’f(1.2), dwas therassumedo bethe totalprofile
height andx assumed to bé¢otal profile length. When solving empirically for the
equilibrium parameter, Aandsui n g D e afr$/x?® Raddble definitions
were set from the bathymetry datebe definedas follows: x = length ofA-A @r

transect lengthd = difference in measured profile height frompot t o A

Finally, when choosing input data to solywv
Law, X = AC/B+D, the equation variablesere definedo beX = historic rate of

shoreline change\ = sea levkrise from closest tide gaug® = measured berm
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heightfrom MG S BEDNUTS Survey C = distance to limiting deptfmeasured
length of the profileandD = limiting depth(measured height of the profilep
regressioranalysis washenrun on thiscalculationof shoreline change at each

siteto definecloseness of fit (Appendix)5

Methods Conclusion

In the 2008 survey, it was also anticipated that the profile shape in the Chesapeake would
exhibit a degree of dependence on factors other than grain size and associated incident
wave energy. The composition and relative strength of the eroding sedihants

comprise both the shore and the adjacent nearshore are likely to strongly influence the
resulting profile shape. Where insufficient sand sized particles are available in the
eroding geologic formations to create a mobile beach and nearshore enniahmmaot

clear that the equilibrium profile will apply. Similarly, portions of the profile can be
strongly influenced by the antecedent topography that was formed during the last glacial
maximum when sea level was as mucB®hsnbelow its present el in the midAtlantic
region. Where the eroding banks are sandy and relatively high a large amount of sand
sized particles are delivered into the shore zone and will influence the resultant profile
shape. These factors and their influence on the pnoike an important consi@gion

when analyzing the data set in more detail.
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Chapter 3: Results and Discussion

Introduction

Analysis of the data gathered in the 2@8)8un Profilestudy provided an assessment of
whether observed rates of shorelimetreat can be explained by simple shoreward
translation of the observed offshore profile, given the historical rate of sea level rise.

By usingabathymetry surveyo map the shape of the whole offshore physiographic
profile along a transect perpendicular to the beach at each site, and choosing sediment
sampling sites to obtain cores that reflected beach and transect morphology and site
variability, a data set wascquired that could be used as input to several analytical profile
models. Several data sets from the 2008 Bruun Profile Survey therauisedto test the

relationship betweergrain size versus profile shapadthe equilibriumparamete(A).

First, the equilibrium parametérwas calculated using 2008 Bruun Profile

Bathymetry Survey transect heights and lenftable 2) Table 2 summarizes thé)(
value calculated from the bathymetry data for each of the sites examinedsitudlyis

and most fall within the reported ranges of 00685 for fine sands, and less than 0.05
for sediments finer than sands, with high degrees of confidence as expressed by the

coefficient of determinationRP?) values.

These estimates were then etated with estimates of the equilibrium paraméter
calculated from rapid sediment analyzer core top grain sizeudeig equation (1.4) with

D defined as mean grain size diamef€able 3, Figure 14 a, b).

A= 200D 63 for 0.13 10°m¢ D ¢ 0.23 10°m (1.4)
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Additionally, by looking at the variation in beach types and heights, as well as the
amount of sand versus fine sediment at each site, characteristics of the mobile sand unit

and variations in the profileere able to be examined (Table 4, Figure 15).

Site Name Calculated ConstanfJ R?

Toddds Poi nt|0.036 0.882
Calvert Cliffs 0.043 0.814
Long Point 0.045 0.83%
Richland Point 0.017 0.678
Elms 0.069 0.910
Scotland Beach 0.054 0.912
Scientistds |[0.079 0.932
Rhodes River 0.069 0.9
Pleasure Island 0.036 0.866
Meeks Point 0.150 0.912

Table2. Calculated Equilibrium Profile Constar)(valuesfrom best fits to the
Dean equatiofor the 2008 Bruun Profile Survewith R?
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Site Profile Par. A (RSA
Sand Total
Only Sample
Calvert 0.114 0.217
Elms 0.103 0.442
Long 0.123 0.314
Meeks 0.106 0.766
Pl. Isl. 0.122 0.225
Rhode R. 0.107 0.148
Richland 0.057 0.038
S. Cliffs 0.133 0.552
Scotland 0.093 1.467
Toddds P|0.133 0.956

Table 3. Core top grain size analysis results from the Rapid Sediment Analyzer
(estimates of mean grain diametdnidn)i sand portion only as well as the total
sampleused to calculatthe Equilibrium Profile Constant4) using Equation
(1.4)A= 20D °¢3for 0.12 10°m ¢ D ¢ 0.23 10°m[Maryland Geological Survey,
2008 Bruun Profile Survey]
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Regression Analysis Equilibrium Parameter
A
Bathy vs RSA (Sand)

g0 8, | e ytuonoum
% 0.1 | eeeeseeneeceecPoees ... ...... g R2=-@0278 ®
3 .
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A (Bathy)

Estimates of the Equilibrium ParameterA
Bathy vs RSA (Sand)

0.2

0.15
A 01
0.05

0
1 2 3 4 5 6 7 8 9 10
e A (RSA sand)0.114.0.1030.1230.1060.1220.1070.0570.1330.0930.133
= A (Bathy)  0.043 0.07 0.0450.1510.036 0.07 0.0170.0790.0540.036
Site Number
e A\ (RSA sand) == A (Bathy)

Figure 14a. Equilibrium Paramet&rcalculated using 2008 Bathymetry transect height and
length; correlated with Equilibrium Paramegecalculated fronRapid Sediment Analyzer

core top data, sand only.
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Regression Analysis Equilibrium ParameteA
Bathy vs RSA (total sample)
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= A\ (RSA total) 0.217 0.4420.314 0.766 0.2250.148 0.038 0.552 1.467 0.956
= A (Bathy) 0.043 0.07 0.0450.1510.036 0.07 0.017 0.079 0.054 0.036

Site Number

e A\ (RSA total)

A (Bathy)

Figure 14b. Equilibrium Parametarcalcubted using 2008 Bathymetry transect height
and length; correlated with Equilibrium Parameter A calculated Rapid Sediment
Analyzer core top data, total sample
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Site Core # Distancém) %Sand
Pleasure Island Beach 12.0 99.36
Corel 19.38 76.17
Core2 58.39 93.73
Core3 230.8 97.64
Core4 693.% 98.01
Richland Point| Corel 6.89 13.91
Core2 119.31 98.47
Core3 1071.2 96.47
Todds Point| Core 1 1480 96.32
Core 2 78.02 97.86
Core 3 544,12 90.72
Core 4 762.52 97.80
Meeks Point Core 1 0.17 92.23
Core 2 5.3 45.34
Core 3 16.80 10.34
Core 4 125.22 99.74
Core 5 152.38 90.82
Scientist Cliffs| Corel 5.74 53.86
Core 2 48.15 99.08
Core 3 70.04 93.54
Core4 302.71 99.39
Calvert Cliffs | Corel 3.60 92.68
Core 2 23.9 79.57
Core 3 247.66 99.41
Core 4 79380 99.76
Scotland Beach Corel 93.73 47.95
Core 2 259.93 82.79
Core 3 281.60 98.14
Core 4 386.07 88.12
Rhode River Core 1 1.08 57.8
Core 2 10.09 99.57
Core 3 46.06 98.49
Core 4 181.% 97.64
Long Point| Core 1 19.37 99.3
Core 2 58.39 98.60
Core 3 230.8 99.19
Core 4 693.% 99.19
Elms Beach Core 1 15.92 40.65
Core 2 138.18 98.71
Core 3 199.83 98.92
Core 4 438.22 79.78

Table 4. Mobile Sand Unit
Characteristics. Percent Sand (%Sand)
calculated from grain size analysis of
core samples from the 2088rvey.
Distance =distancealong transecin
meters from beginning of 2008
bathymetry transect for each sampled
core positio
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Cliffs or Bluffs with Beach; 15m <h <25 m
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Figure 15. Mobile Sand Unit Characteristics. Percent sand in core top at each core
location along the 2008 Bruun Profile Study transect, illustrating mobile sand distribution
from beach to end of transect.
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Finally, shoreline retreat estimates were matdeach siteising historiomeasurementsf

regional sea level and berm heigimdthe 2008 Bruun Surveyneasurements of offshore

transect length and depdisinput to theequationfor equilibrium profiles stated by

Br uun 6X=AGB#&D) (Table 5, Figures 18, b.

Site A (mlyr) * B* C* D* X caic (M/yr) Xhist (M/yr)
(m) (m) (m)
Calvert 0.0034 S|22.86 1351.67 | 6.53 0.16 1.28
Rhode 00034 A |2.74 468.09 3.77 0.24 0.58
Elms 00034 S |2.13 1046.52 |6.92 0.39 0.56
Long Pt 00035 C|1.52 1411.16 |6.3 0.63 0.74
Meeks 0.0031 B|15.24 471.38 8.15 0.06 0.69
Plisland |0.0031 B|0.15 1374.78 | 4.38 0.94 2.63
Richland | 0.0035 C|0.31 2334.94 |5.19 1.49 3.23
Sc Cliffs | 0.0034 S |18.29 1082.62 | 7.61 0.14 0.54
Scotland | 0.0034 S|1.22 1802.83 | 20.18 0.29 1.23
Toddo6|00035 C|0.90 939.33 3.66 0.72 2.78
Table 5. Bruun Model Analysis, Input Data
*Sources:

A = NOAA Tides and Currents, Sea Level Rise in the Chesapeake Bay, MD.
1937

Tide Gauges:S :

B = Berm Height from MGSEDNUTSSurvey
C = Transect Length from ZIB Bruun Survey Bathymetry Data where transect length =
GPS Position Aei GPS Position Ae. Assumption that C, as defined in the Bruun

model to be the distance offshore to the limiting depth or the end of the mobile sand unit
is the same as thmeasured transect length. Bathymetry collected along a transect
assumed to end near the end of the mobile sand unit based on sonar, bottom shape, and

grain size analysis of cores collected along the transect.
D = Depth at Location C (assumed to at be ¢ha d
with Bathymetry and Sonar

Xcalc= A -C / B+D = Shoreline Change

Xns= Maryl and

change, L. Hennesy, MGS

Geol ogi cal

Sol omoné206!1 sl and
A: Annapolis 1928006

B: Baltimore 19022006

C: Cambridge 1942006

of

t

he twgmenssredct, poi

Surveyos

MD Coast al
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Shoreline Retreat Estimates using 2008 Bruun
Profile Bathymetric Survey compared to
Maryland Coastal Atlas Historic Values

Shoreline Retreat (m/yr)
N

0 _I -l 1 | lI _I II II = -I II
1 2 3 4 5 6 7 8 9 10

Site Numbers

m X calc (m/yr)  m Xhist (m/yr)

Figure 16 (a) Shoreline retreat estimates using 2008 Bruun Profile Bathymetric Survey
compared to Maryland Coastal Atlas historic valdesmaryland.gov/ccs/coaatlas

Correlation of Shoreline Retreat Estimates using
2008 Bruun Profile Bathymetric Survey
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Figure 16 (b) Correlation of historic shoreline retreat with estimates using the 2008
Bruun Profile Bathymetric Survey.
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Analytical Results

Estimates of the Equilibrium Parametéj*

Initial calculations othe equilibrium parametewere made usin® e a equationd=
(A)x?3where(A) is the equilibrium parameted,is the equilibriunrdepthandx is the
distance offshore The values foequilibrium depth(d) andthedistanceoffshore(x)
werecalculated by differencinthethree dimensiondatitudinalandlongitudinalGPS
coordinate®f theend points of théathymetrytransectgA-A § (Figure 13) In 2008,
when this survey was completéithe Geodetic Positionin8ystem(GPS) used the
World Geodetic System (WGS 84) as its reference coordinate systemiswachprisel
of a reference ellipsoj@ standard coordinate system, altitude ,dad ageoid usng
t he Ear t h o6 stheceordinagerorignsandas tothedNorth American
Datum of 1983 (NAD8B. Theequilibrium parametefA)was then empirically
solvedfor based on the measured transect shape witly R? bestfit estimates

computed (Table 2).

For comparisoncalculations were made of thguslibrium paramete(A) calculated
from rapid sediment analyzer core top grain size ddtis.allowed for calculations of the
Profile ParametefA) based on the equations relating A to the diameter of the sand grains

(D mean) in eachcore topsample(Equation 14, Table 3)

*note:The Equilibrium Parameter is noted &3 \vhereaghe end points of the

bathymetic transect are noted &sA 6

Comparisorof (A): Grain size dependency vs. shape dependency
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To compare estimates of the equilibrium parameiguging the analytical

methods describeabove;a regression analysis was completed using estimaté$ of (
determined from the 2008 bathymesyrvey transect height and lengirable 2) and
compared to estimates &)(using core top grain size analysis (Table 3). The results of
this regressioanalysisshowsa poorcorrelation between the estimates A&f (sing
bathymetry data vs estimates 8) (ising core top grain sizkatg sand only(Appendix

4). By plotting A (RSA Sand) vsA (Bathy) and running a regression analysis, 40fR
0.0278 was found, showingry little to nocorrelation between the two estimatesA)f (
(Figure 14a).To examine this possibility further, estimatespdfom site to site were
tabulated and plotted with (RSA Sand) as series 1 aAdBathy) as seeis 2 plottedas

the dependent variable éxis) versus site numbéx axis)(Figure 14a).A stronger
agreement between estimatesA)fdid seem to appear between sites with more similar
beach composition, particularly the marsh sitémwever, n general, 4) estimated with
shape only data (bathymetry) appears to trend significantly lowe(Al) estimated with

grainsize anchasanoverallaverageR? of 0.867within the data set.

To examine the influence of grain sizeestimates of4) further,calculations oA
usingthetotal core top samplevere maddo see if the sand only portion of the sample
yielded a different estimate oA)than the total samplé&ppendix 4,Table 3). When
performing aregression analysis of estimates Af ¢alculated from the total core top
sample versuthe sand only portion of the sample and correlating witimates of (A)
using the bathymetry datapaarginally higher but still insignificardorrelation was seen

for the totalsamplewith an R of 0.0682(Figure 14b).
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However, estimates @A) using the 2008 bathymetry data still appear much more
consistent within the datasel®n those estimated with grain size datas may be an
indication, that at sites with a wide range of beach sediment types and berm, kaights
as those surveyed in t2808BruunProfile surveyit is more likely that antecedent
geology and the resistance to erosion of the underlying clays limit the depth of erosion,

keeping most of the observed beaches shallower than grain size alone would predict.

Mobile Sand Unit Analysis

By looking atthevariation in beach typeandheights as well atheamount of sand vs
fines at each site, we were able to examine variations in theepditticularly in the
mobile sand unit To illustrate the mobile sand distribution from betxknd of transect
at each site, the percent sand in each core top asaagiedocation almg the 2008
Profile Study transect waslculated from laboratory grain size analysis [Methods]
illustrate the mobile sand distribution, percent siooh each core top waslculated

from grain size analysis of core sampi¢®ach sample location along site transects
Using bathymetry and GPS transect positions taken at each core sample site, a distance
along transect to each core was calcdldieble 4). Comparing the distribution of sand
from each core top along the transect at sites with similar berm heights, a profile of
mobile sand distribution was plottethe general trend of the mobile sand unit was to

continue to near end of transect at most gkegure 15).

Sites such as Meeks Point, Scientist Cliffs, and Calvert Cliffs with bluffs or berm heights
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between 1825 m maintaieda 9699% core top sand content to the end of their measured
offshore transectwhich range from 152793 meters offshore)Sites suclas Scotland

Beach, Rhode River, Long Point, and EIms Beach with shorelines described as small
bluffs with grasses and beach3In berm heights) show a slight pinching out of the

mobile sand unit. These sites maintain a 7998.19% core top santit across

offshore transects ranging from 1894 meters offshore. Finally, sites with low graded
beaches and marsh shorelines (berm heights < 1 meter) showed a core top mobile sand
unit continuing along most of the offshore transect, maintaiai®g.51 98.1 % core top

sand content along profiles ranging from 694071 meters offsher(Figure 15).

Transect lengths were chosen during the survey to represéntdtion where the

bottom suddenly dropped off, which created a variety of transect lengths, depending on
the shape of the offshore profile and the distance the offshore remained shallow as the
bay channel was approached. It appears as if this was a good estimate of

the possible end of the mobile sand wwith high percentages of core top sands
remaining to end of transe@able 4) It was this reasoning that led to the assumption
that the input to the Bruun model for shoreline regression for the 2008 Bruila Pro
Survey could be a series of variables that define the shape of the offshore profile,

independent of grain size.
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Bruun Model Analysis

B r u uRulé sombines the generated sand volume variation with the required sand
volume needed to maintain equilibriunelatingshoreline retreat to the vertical extension
of the equilibrium beach profile, sea level rise, and the berm height of theussaghe
equation

X=AQ /B+D (1.6)
Where
X = shore retreat (regression of the coastline)
A = increase of sea level wave setup (sea level rise)
D = limiting depth between predominant near shore and offshore material
C = distance to limiting depth frothe shore (amplitude of the equilibrium profile)

B = shore elevation (berm height)

To calculate rates of shoreline retreat at each site in the 2008 Bruun Profile Survey,

several assumptions were made about the measured profile shape as defined in the classic
Bruun profile. The limiting depth between predominant near shore and offshore material
(D), and the distance to the limiting depth from the shore (C) were ddéroradhe

transect length and the depthla end of the transect. Specifically, C was defined as
transect lengtllerived from thénorizontalposition(NE) at one end of the transect minus

the NE position at the other end of the transect. Thergdgn was made that C, as

defined in the Bruun model to be the distance offshore to the limiting depth (odtbé en

the mobile sand unit) is the same as the measured transect IBagltimetric data
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collected along the transect was taken until the assumed end of the mobile sand unit
based on sonar, bottom shape, and grain size analysis of cores collected along the
transect. The limiting depth (D) between predominant near shore and offshoralmateri
was defined as the depth of the profile at the end of the transect, and was measured with
bathymetry angonar angbositioned with GPSFinally, the berm height of the shoreline

(B) was defined as the berm height at each site as measured in the Maryland Geological

Sur v EPNUESIEhd survey.

The increase in sea levéh) wasassumed to be the measured regional sea
level rise at the closest local tide gauge at each Fitke gauge data was taken from
NOAA Tides and Currents, Sea Level Rise in the Chesapeake Bay, MD

(https://tidesandcurrents.noaa.ylo¥ide gauge data used in this studgstakenfrom

theS o | o mslamdpauge{19371 2006) for Calvert Cliffs, EIms Beach, Scientist
Cliffs, and Scotland Beaclkhe Annapolisgauge(19282006) for Rhode Rivethe
Baltimoregauge(19022006) for Meeks Point and Pleasure Island; taiedCambridge

gauge(19432006)for Long Point, and Richland Point.

Using each of these data sets as input variables to the Bruun(@edalC/B+D),

shoreline change was calculated for each site>and compared to Maryland

Geol ogi cal Surveyb6s MD Coastal HMHdanhessgy dat a f o
MGS) (Table 5Figure 16a) A regression analysis was then run correlating historic

shoreline retreat with calculated estimates of shoreline retreat using thBr2Q3

Profile Bathymetric Survey data for values of C and D (Appendix 5). Plotting the

historic estimates for shoreline retreat against the calculated estimates of shoreline retreat
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at each site using the 2008 Bruun Profile Survey data, the ceeffaf determination

(R?) was estimated at 0.71@Bigure 16D, illustrating a reasonable correlation between
2008 estimates of shoreline erosion and historic estimates of shoreline erosion at each
site. The estimation of D and C (the limiting deptaind the distance to the limiting

depth) as defined from the 2008 measured transect shape appear to yield a strongly
correlated estimate of shoreline retreat when compared to historic values at each site.
Although this correlation may indicate ththe 2008 bathymetric measurements of D and
C will yield accurate estimates of shoreline retreat at these sites, a systematic bias
between the historic and 2008 shoreline retreat estimates may be present due to

differences in the temporal scale of each data set.
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Chapter 4: Conclusions and Future Applications

This project was designéd investigatelie assumptiothatan inwardly translating,

constant geometry deptiifshoreprofile formsaccompanying shore erosioithe

technique developed in the 2008 Bruun Profile survey was developeavide

improved techniques for extrapolating shore erosion rates into the future and estimating
the amounts and impacts of associated sediment iduasninimum, the project

allowed a more detailed understanding and estimation of sediment inputs at the ten sites

that were investigated in the survey.

The sites in this survey were purposely chosen to be as free of the influence of shoreline
protection measures as possible in the modern Bay, and to avoid convergences or
divergences in longshore littoral transport that might invalidate the essentially 2
approach used.ongshore transport only affects-offshore transport of sediment if

there are longshore convergences or divergences. If the longshore transport has no
gradients in the longshore direction, theradfshore transport is governed mostly by on
offshore forcing (Dean, 1977). Longshore transport dominates along ocealnsiso

but onoffshore processes on long straight beaches with uniform incoming wave energy

are well described by the Dean equation.

The first objective of the project was to combine shore erosion rate estimates, bank height
and composition data, bottom sediment composition data, and depth profile information
to obtain better estimates of the inputs of fine and coarse sedimerasdbatpany shore

erosion at each of the sites. The second objective was to determine how well the offshore
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depth profiles fit the classBruun equilibrium profile by exploring potential patterns in

the Bruun profile fits, and the deviations in ththat help explain the data.
Additionally, an objective was set to furthe
shoreline retreat accompanying a given sea level rise or a modified version of it, fits the

historical data at each of these sit&&e third objective of the project was to determine

the feasibility of using these techniques for estimating future estimates of sediment inputs

from shoreline erosion and to see if these results can increase the predictive capabilities at

other sites around Chesapeake Bay.

These data were then used to attempt to answer questions on how far offshore the coarse
sands getransported, whether there was a dominant amount of fine sediments being
transported offshore, which types of shorelines provide the most fine sediments to the
offshore sediment budget and how far offshore they are transported, and finally whether
the rats calculated for shoreline erosion at each site agree or disagree with profile model
predictions. By answering these important questions and comparing these measurements
to models of offshore equilibrium profiles, a better estimate of the amount ofiskorel

retreat as well as the amount and type of sediment transported offshore during sea level

rise in Marylandbés Chesapeake Bay coul d be n

Theresultsof the 2008 Bruun profile studgshowed that sands dominated offshore

surficial sediments at mogidations, even though the source sediments were mixtures of
sands and mudsThese results allowed us to estimate sediment input to the near shore
environment as well as the landward translation of the shore (shore erosion) in response

to sea levelise. (2010 Spring Meeting of the Atlantic Estuarine Research Society
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(AERS), L. Bell).

The observed offshore profiles were consistent with expectation from

ocean beach profile paradigms, with the exception that the steepness proportionality
factor (the equilibrium profileA) was not related to sediment grain size. An adjusted

form of the classic Bruun relationship for predicting shoreline retreat was in approximate
agreement with longerm observationsThe Bruun rule is best described as the response
of an equilibrium profile to slowly increasing sea levidle Bruun Ruldas been found

to apply in a regionally averaged sense
Bay, as well(Rosen, 1978)Whether actual rates of erosion keep up with translation of
an equilibrium profile will likely depend on shoreline mction measures that act to
dissipate wave energy (oyster reefs, breakwaters, SAV beds) or decrease shoreline

erodibility (riprap, consolidated clay deposits).

Future applications

Future applications of this wodouldbe to attempt to use the Bruun profile model as a
baseline in analyzing offshore profiles in the Chesapéaietechnique developed in the
2008 Bruun Profile study could then be used as a process to examimgeffeblogy
(depositional historyand translation of sediments from beach to beginning of channel
(estimates of the mobile sand unif)his can allow for further exploration of

relationships between grain size, beach typaedcomposition Estimates of sediment
input due to shore erosioand how these might be derived from a shoreward translating

equilibrium profile can be further calculated to improve this method of estimating shore
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erosion during sea level rise

Additionally, this technique could allow modeling tbfe effects on the profile of

longshore drift as well as effects of engineered coastlifiegse estimates of sediment

input to the nearshore environmeloie to sea level rise and shoreline erosidhhelp to

assess sources of turbidity more accuratethie water colummandthe amount osand
providedto SAV bedduring these events. This could then lead to improvement in
understanding sources that lead to changes in water quality and nearshore habitat quality

in Chesapeake Bay shorelines in the future.
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Appendix 1.Site Descriptiongienerated from 2008 Site Survey Sheets, L.Bell
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Bruun Profile Study 2008 Site Description

Site Name: Calvert Cliffs

Site Position: 4251633N  376940E

Location: Calvert Cliffs State Park, Calvert County

Date Collected: 7.1.08

Shoreline Type: Eroding bluff

Extent of Reach: ~500 Meters

Bank Elevation above water (ft.): ~20-25 meters (75 feet)

Land use/cover along rach: Cliffs/Deciduous Forest

Site and Reach Description: The site is located &@alvert Cliffs State Parét an

eroding bluff of approximately 20 to 25 meters high. This bluff consists of Miocene age
sediments occurring in stiorizontal layers of unconsolidated to relatively compacted
sediments. There are major slumps along the reach; however, theharespatrse with

a frequency of one per 100 meters. The beach is approximately 3 meters in width and is
composed of medium sand with plentiful shells along the tideline. These cliffs dominate
the shoreline for thirty miles in Calvert County. This paticueach continues to the

north for at least 450 meters. 100 meters to the south, the bluff decreases in elevation and
the beach becomes approximately 50 meters wide.

Site Photos:

Shoreline
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Bruun Profile Study 2008 SiteDescription

Site Name: Elms Beach South

Site Position: 4227917N  380739E

Location: El ms Beach, St. Marybds County
Date Collected: 7.24.08

Shoreline Type: Bluff fronted by beach

Extent of Reach: 100 Meters

Bank Elevation above water (ft.) ~2 meters (& feet)

Land use/cover along reach: Light residential to evergreen forest

Site and Reach Description: Shoreline is a 2 meter high eroding bluff containing

exposed horizons composed of muddy sand and laminated sand. The beach is composed
of poorly sorted fine sand to cobbles with some shell fragments. The width of the beach

is approximately 8 meters. The bay bottom becomes rocky offshore at depths greater
than 3m. There is a riprap section of shoreline 20 meters to the south of.thnsite

eroding section of shoreline owned by the Navy is approximately 75 meters to the north
with the land cover changing to an evergreen forest. Approximately 400 meters further

to the north there is a park with offshore protection.

Site Photos:

Shoreline

Reach to the South Reach to the Norh
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Bruun Profile Study 2008 Site Description

Site Name: Long Point N

Site Position: 4295313.5N 386286.8E

Location: North of Long Point, Dotleester County

Date Collected: 7.15.08

Shoreline Type: Eroded bluff fronted by beach

Extent of Reach: 150 Meters

Bank Elevation above water (ft.): 2-5 feet

Land use/cover along reach: Residential

Site and Reach Description: The site is aveathered and eroded bluff fronted by

a small beeh of approximately 7 meters in width. The bluff is partially covered in

deciduous vegetation and grasses. The reach has a small riprap section to the north and a
marsh to the south with a single family home and vegetated property adjacent to the
beachThe landowner commented that his beach has been accreting for the last decade
while all of his neighbors face shoreline erosion.

Site Photos:

Shoreline

Reach

70



Bruun Profile Study 2008 Site Description

Site Name: Meeks Point

Site Position: 4356452N  402345E

Location: Meeks Point, Kent County

Date Collected: 7.14.08

Shoreline Type: Eroded bluff fronted by beach

Extent of Reach: 400 Meters

Bank Elevation above water (ft.): 25-50 ft

Land use/cover along reach: Deciduousand evergreen forest above bluff
Site and Reach Description: The site is an eroding bluff consisting of both

compacted and unconsolidated layers of gravel, sand, and sandy clay. The upper portion
of the bluff is vegetated and variable in elevatione Bhuff is characterized with

numerous rills and it displays significant slumping along the reach. A beach is present in
front of the bluff and it is approximately 4 meters wide. Large cobbles and boulders are
located in the nearshore influencing waveaac Bank heights and exposed formations

vary along the reach.

Site Photos:

Shoreline

Reach
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Bruun Profile Study 2008 Site Description

Site Name: Pleasure Island

Site Position: 4343481.4N 379605.3E

Location: Pleasurdsland, Baltimore County

Date Collected: 7.10.08

Shoreline Type: graded beach

Extent of Reach: 175 Meters

Bank Elevation above water (ft.): graded shoreline

Land use/cover along reach: mixed forest/beach

Site and Reach Description: The site is ayently graded sandy beach,

approximately 18 meters in width, with no bluff. The site is locdtagn shordrom the
original 2001 survey site due to revetment at the original site, as well as concrete slabs
underwater in the near shore zone. Theralitapidated wooden groin located north of

the site which is still productive, but approaching failure. There is a two foot elevation
difference between the easterly side vs. westerly side of this groin with the easterly side
being higher in elevation. Ehreach is halted approximately 75 meters to the west as the
island bends northward. To the east, the reach extends approximately 100 meters where
it becomes dominated by the concrete from an old road bed.

Site Photos:

Shoreline

Reach
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Bruun Profile Study 2008 Site Description

Site Name: Cheston Point, Rhode River

Site Position: 4302781N  368124E

Location: Anne Arundel County

Date Collected: 6.30.08

Shoreline Type: Bluff with adjacent beach

Extent of Reach: 200 Meters

Bank Elevation above water (ft.): ~3 meters (9 feet)

Land use/cover along reach: Deciduous forest

Site and Reach Description: Site is an eroding bluff in the Nanjemoy Formation

composed primarily of sand, silt, and silty clay. Beach fronting blwfhig a thin sand

layer overlying compacted sediments with a width of approximately 6 meters. The reach
is a fairly regular, eroding shoreline fronted by a beach or directly at waterline without a
fronting beach Site is directly across the Rhode RivenirDutchman Point with

exposure to fetch from both the river and the open channel of the bay.

Site Photos:

|

Shoreline
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Bruun Profile Study 2008 Site Description

Site Name: Richland Point

Site Position: 4234310N  397254E

Location: Middle H o o p ksland,BorchesteCounty

Date Collected: 7.16.08

Shoreline Type: Eroding Marsh

Extent of Reach: ~500 Meters

Bank Elevation above water (ft.): 1 foot

Land use/cover along reach: Open marsh

Site and Reach Description: Site is an eroding marsh with an underlying clay

layer. Itis a convoluted marsh face with an actively undercut bank. The bank is a direct
drop into approximately 2 feet of water. Approximately 20 m of shoreline loss is noted
since the last survey diit site in 2001The marsh extends to the south and wraps

around the point of Southern Hooper Island. No significant change in the marsh is
observed in that stretch. To the north of the sampled site is the same type of marsh for
approx. 1/4 mile, and #&n the shoreline is revetted.

Site Photos:

Shoreline

Reach
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Bruun Profile Study 2008 Site Description

Site Name: Scientist Cliffs

Site Position: 4264203N  368244E

Location: Scientist Cliffs, Calvert County

Date Collected: 7.2.08

Shoreline Type: Bluff fronted by beach

Extent of Reach: 100 Meters

Bank Elevation above water (ft.): 50-60 feet

Land use/cover along reach: Light residential

Site and Reach Description: The site is an exposed bluff cut by intétent

streams and gullies. It has a highly vegetated, moderately eroding shoreline. The beach
is poorly sorted fine to coarse sand with some gravel. The bluff is partialgpmed

along the base and has gabions. The gabions all are partially deéetiand appear to

have reached the full extent of their capacity. The beach is 3 meters in width.

Site Photos:

Shoreline

Reach
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Bruun Profile Study 2008 Site Description

Site Name: T o d @dng

Site Position: 4275777.6N 391156.2E

Location: T o d &ding DorchesteCounty

Date Collected: 6.25.08

Shoreline Type: Low bank/pocket beach

Extent of Reach: 200 Meters

Bank Elevation above water (ft.): ~3/4 feet

Land use/cover along reach: Agriculture/Residentdl

Site and Reach Description: The site is a low bank fronted by a pocket beach

with a thin sand layer overlying compacted sediments that are exposed due to erosion.
There are offshore sandbars possibly due to the revetment to the north. The beach is of a
very shallow slope and rangigem 0 to 3 meters in width. Reach is exposed to the NW

and is reveted to the east and west of the site.

Site Photos:

Shoreline

Reach
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Appendix 2. Bathymeit Profiles
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Figure 1. Three dimensional image of the local bathymetry collected at the sample site. The analyzed transect is
highlighted in red with the most shoreward point labelled as A and the most offshore point labelled as A'. The

bathymetry has been oriented for the best view of the transect.
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Figure 2. Bathymetric cross-section showing collected bathymetry in red and the fitted Bruun profile curve in green.

The calculated coefficient and the coefficient of determination are presented for the fitted line.
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Bruun Profile
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Figure 1. Three dimensional image of the local bathymetry collected at the sample site. The analyzed transect is

highlighted in red with the most shoreward point labelled as A and the most offshore point labelled as A'. The
bathymetry has been oriented for the best view of the transect.
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Figure 2. Bathymetric cross-section showing collected bathymetry in red and the fitted Bruun profile curve in green.
The calculated coefficient and the coefficient of determination are presented for the fitted line.
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Bruun Profile
Long Point
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Figure 1. Three dimensional image of the local bathymetry collected at the sample site. The analyzed transect is
highlighted in red with the most shoreward point labelled as A and the most offshore point labelled as A'. The
bathymetry has been oriented for the best view of the transect.
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Figure 2. Bathymetric cross-section showing collected bathymetry in red and the fitted Bruun profile curve in green.
The calculated coefficient and the coefficient of determination are presented for the fitted line.
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Bruun Profile
‘I'\_V/Ieeks Point

20x Vertical Exaggeration

The red line depicts the transect
used for analysis.

Figure 1. Three dimensional image of the local bathymetry collected at the sample site. The analyzed transect is
highlighted in red with the most shoreward point labelled as A and the most offshore point labelled as A'. The
bathymetry has been oriented for the best view of the transect.
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Figure 2. Bathymetric cross-section showing collected bathymetry in red and the fitted Bruun profile curve in green.
The calculated coefficient and the coefficient of determination are presented for the fitted line.
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Bruun Profile
Pleasure Island

20x Vertical Exaggeration

The red line depicts the transect used for analysis.

AR I O

Northing—UTM—NADE3-—-Meters

Figure 1. Three dimensional image of the local bathymetry collected at the sample site. The analyzed transect is
highlighted in red with the most shoreward point labelled as A and the most offshore point labelled as A'. The
bathymetry has been oriented for the best view of the transect.
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— Coef of determination, R-squared = 0.8663
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Figure 2. Bathymetric cross-section showing collected bathymetry in red and the fitted Bruun profile curve in green.
The calculated coefficient and the coefficient of determination are presented for the fitted line.
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Bruun Profile
Rhodes River

20x Vertical Exaggeration

Meters - Mean High Water

The red line depicts the transect used for analysis.
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Figure 1. Three dimensional image of the local bathymetry collected at the sample site. The analyzed transect is
highlighted in red with the most shoreward point labelled as A and the most offshore point labelled as A'. The
bathymetry has been oriented for the best view of the transect.
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Figure 2. Bathymetric cross-section showing collected bathymetry in red and the fitted Bruun profile curve in green.
The calculated coefficient and the coefficient of determination are presented for the fitted line.



Bruun Profile
Richland Point

20x Vertical Exaggeration
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The red line depicts the transect used for analysis.
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Figure 1. Three dimensional image of the local bathymetry collected at the sample site. The analyzed transect is
highlighted in red with the most shoreward point labelled as A and the most offshore point labelled as A'. The
bathymetry has been oriented for the best view of the transect.
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Figure 2. Bathymetric cross-section showing collected bathymetry in red and the fitted Bruun profile curve in green.
The calculated coefficient and the coefficient of determination are presented for the fitted line.
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Bruun Profile
Scientist's Cliffs

20x Vertical Exaggeration

The red line depicts the transect used for analysis.
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Figure 1. Three dimensional image of the local bathymetry collected at the sample site. The analyzed transect is
highlighted in red with the most shoreward point labelled as A and the most offshore point labelled as A'. The
bathymetry has been oriented for the best view of the transect.
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Figure 2. Bathymetric cross-section showing collected bathymetry in red and the fitted Bruun profile curve in green.
The calculated coefficient and the coefficient of determination are presented for the fitted line.
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Bruun Profile
Scotland Beach

20x Vertical Exaggeration
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Figure 1. Three dimensional image of the local bathymetry collected at the sample site. The analyzed transect is
highlighted in red with the most shoreward point labelled as A and the most offshore point labelled as A'. The
bathymetry has been oriented for the best view of the transect.
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Figure 2. Bathymetric cross-section showing collected bathymetry in red and the fitted Bruun profile curve in green.
The calculated coefficient and the coefficient of determination are presented for the fitted line.
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Bruun Profile Depin
Todd's Point .

20x Vertical Exaggeration
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The red line depicts the transect used for analysis.
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Figure 1. Three dimensional image of the local bathymetry collected at the sample site. The analyzed transect is
highlighted in red with the most shoreward point labelled as A and the most offshore point labelled as A". The
bathymetry has been oriented for the best view of the transect.
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Figure 2. Bathymetric cross-section showing collected bathymetry in red and the fitted Bruun profile curve in green.
The calculated coefficient and the coefficient of determination are presented for the fitted line.
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Appendix 3. Cordescriptions and Photos
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Calvert Cliffs at Shore, Core 1 Total lengthi 24 cm
Location: Northingd251635 Easting376943

Interval Color
Photograph (cm) (Munsell Description
Color
Standard,
GSA,
1991)

moderateyellowish brown very coarse
sand with pebbles and shell fragments
and fossils

10 YR

071 12 5/4

5GY | dark greenish gray mud. Very platy,

12-24 4/1 | heavy clay content
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Calvert Cliffs at 1.0m depth, Core 2 Total lengthi 40 cm
Location: Northingd251648 Easting376959

Interval Color
Photograph (cm) (Munsell Description
Color

Standard,
GSA,
1991)

0i 6 air/water

olive gray sand with some mud/clay
content
6-16 5Y 3/2

several large whole shells at 16 cm

16-40 5Y light olive brown sand with some
5/6 mud/clay content

JuicaiaEpnn

90



Calvert Cliffs at 2m depth, Core 3 Total lengthi 44 cm
Location: Northingd251778 Easting377142

Photograph

Interval
(cm)

Color
(Munsell
Color
Standard,
GSA,
1991)

Description

10YR
5/4

moderate yellowish brown sand with
anoxic sananottling

5-44

N1

black anoxic sand
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Calvert Cliffs at plateau, Core 4 Total lengthi 34 cm

Location: Northingd252068 Easting377605
Interval Color
Photograph (cm) (Munsell Description
Color
Standard,
GSA,
1991)
Z_, | 01 6 air/water
g 6-12 10 YR | moderate yellowish brown sand with
5/4 anoxic sand mottling with shells
K-
12-32 N3 dark gray anoxic sand with shells
k\: >
& SY . .
32-34 4/1 olive gray sand with shells
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Richland Point at Marsh, Core 1 Total lengthi 23 cm
Location: Northingd234329 Easting397238

Interval Color
Photograph (cm) (Munsell Description
Color
Standard,
GSA,
1991)

olive gray heavy clay mud, glayed, wit

0-23 5Y 4/1 |. :
iron deposits
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Richland Point at 1.9m, Core 2 Total lengthi 25 cm

Location: Northingd234271 Eastin@97118

Photograph

Interval Color
(cm) (Munsell Description
Color
Standard,
GSA,
1991)
moderate olive brown sand cap with
0-3 SY 4/4 lenses prograding down into next laye
3-25 N3 anoxic dark gray sand with large shell
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Richland Point at 2.2m depth, Core 3 Total lengthi 15 cm
Location: Northingd233612 Easting396430

Photograph

Interval
(cm)

Color
(Munsell
Color
Standard,
GSA,
1991)

Description

0-4

5Y 4/4
with N3

moderate olive brown sand with anoxi
dark greysand interbedded

4-15

N3

anoxic dark gray sand
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Elms Beach SoutiBeach, Corel Total length 34.0 cm

Location: Northingd227918 Easting380755

Interval Color
Photograph (cm) (Munsell
Color
Standard,
GSA,
1991)

Description

07 30

Moderate yellowish brown beach san

10YR | grading from coarse to medium to
5/4 coarse again with large pebbles and

shell fragments

30-34 5Y61 | Light olive gray mud
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El ms Beach SandwkeptheCoRR Totakleng®i 2BcnB 6
Location: Northingd227910 Easting380877

Interval Color
Photograph (cm) (Munsell Description
Color
Standard,
GSA,
1991)
012 Air/H20

thin cap | 10YR 5/4 | very thin layer of moderatgellowish-brownsand

2-6 cm | 5GY2/1 | greenish blackine-grainedsand

6-9 cm | 10YR5/4 | stripe of mod. yellowish brown sand

9-30 cm | 5GY 2/1| greenish blaclkine-grainedsand

| |
&
4]
=
5

same sediment as3 cm, with the

30:38 cm | 5GY 2/1| 4 ddition of a thick shell layer
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El ms Beach Sandwave

T r DTotglheng@ 66cm0 6 dept

Location: Northingd227900 Easting380938

Photograph

Interval Color
(cm) (Munsell Description
Color
Standard,
GSA,
1991)
Greenish black sand with shell
5GY 2/1| fragments and a few whole mollusk
07 54 to shells (at 20cm and 30 cm), as well g
N2 a large cobble (460 cm).
Grades to Grayish Black Sand
10YR 6/6 | Dark yellowish orange sandy mud
54-60 to grading into a light olive gray mud at
5Y6/1

the very base of theore
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El ms Beach @ 41Tbtél lengthipddcim , Cor e
Location: Northingd227901 Easting381177

Interval Color
Photograph (cm) (Munsell Description
Color
Standard,
GSA,
1991)
07 4 Olive gray sand with heavy shell

5Y 4/1 | fragments

Dark gray sand with some mottling ©
4-22 N3 the olive gray 5Y 4/1 sediments. Lar
cobble from 1822 cm.

5Y 6/1
mo_ttled Light olive gray mudmottled with dark
2244 cm with ellowish orange sandy mud
10YR | Y 9 y
6/6
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Scientist Cliffs Beach at Tideline, Core 1 Total lengthi 40cm
Location: Northingd264202.1 Easting368250.3

Photograph

/

4

- m
-
9
=
.
-
=
3

Interval Color
(cm) (Munsell Description
Color
Standard,
GSA,
1991)
0i 10YR | Very coarse sands with pebbles and
I 10
6/6 shells
10YR | 10-20: Interbedded sand and mud with
10-32 6/6 pebbles and shells. Z2: N5 mud with
with pebbles and shells. 2&: interbedded
N5 sand and mud with pebbles and shells
32-40 N4 Lenseof N4 mud, no pebbles and shel
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Scientist Cliffs Sandwave Peak at 2.5 depth, Core 2 Total lengthi 53 cm
Location: Northingd264230 Easting368286

Interval Color
Photograph (cm) (Munsell Description
Color
Standard,
GSA,
1991)
10 YR
07 6 6/6 to | Fine yellowish browrorange sand
5/4
6-11 N4 Medium dark grey sand
11-20 N2 Grayish black sand
20-22 N1

Dark band of black sand

22-30 N4-N5

Parallel lamination medium to mediun
dark gray sands

30-53 N2

=
.
ﬁ,
e
,
=
bl
v
5
O
o
i
v

Grayish black sand
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Scientist Cliffs at Plateau, 10 ft depth, Core 4 Total lengthi 60 cm

Location: Northingd264360 Easting368512

platy

Interval Color
Photograph (cm) (Munsell Description
Color
Standard,
GSA,
1991)
- 071 12 5Y 5/2 | Pale brown fine sand
. 5Y 5/2
= g 12-22 with N4 Interbedded pale brown and gray sanc
N4
ﬁ 22-40 o N5 | Cray sands
..
5Y 5/2 , .
. 40-55 with N4 Idn(;rekrbergdesc;1 rﬁ)g;e brown with medium
a and N5 grey
- _ _
Q 5560 5GY 2/1 Greenish black silty marsh mud, very
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Long Point N at Tide Line, Core 1 Total lengthi 50 cm

Location: Northingd295312.8 Easting386270.9

Photograph

/
._

Interval Color
(cm) (Munsell
Color

Standard,
GSA,
1991)

Description

10 YR dark yellowish orange medium graine(
07 40 beach sand, with small pebbles and
6/6 . )
black minerals (magnesium)

40-50 N4 tOppf-t‘d with a pebble/shell interface w
medium dark gray sand below
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Long Point N Core at SandwaveéPeak, 0.7m depth, Core 2 Total lengthi 74 cm
Location: Northingd295393 Easting385864

Photograph

1
Y,
n
E
v
E
2,
E
b
v
#
5
=
E
v

Interval Color
(cm) (Munsell Description
Color
Standard,
GSA,
1991)
07 5 air air/water
5-33 10Y 6/2 | pale olive fine grained sand
N3 , .
. Mottled dark gray and medium light
3374 with . .
NG grey anoxic sand with odor

104




Long Point N at Sandwave Trough 1.0m depth, Core 3 Total lengthi 56 cm
Location: Northingd295388 Easting385877

Photograph

Interval Color
(cm) (Munsell Description
Color
Standard,
GSA,
1991)
0V 2 air/water
.92 5Y 5/2 light olive gray sand with alight shade
gradation down the core
N5 . )
mottled Med!um gray sand mottled W_|th
22-56 with medium dark gray sand grading back
N4 to medium gray sand
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Long Point N at 1.6m depth, Core 4 Total lengthi 66 cm
Location: Northingd295386 Easting385667

Photograph

Interval Color
(cm) (Munsell Description
Color
Standard,
GSA,
1991)
0V 2 air/water
light olive gray sand witimottled
216 5Y 52 interface with the sediments below
16-66 N3 dark gray anoxic sand
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Scotland Beach at Beach, Core 1 Total lengthi 18 cm
Location: Northingd214819 Easting383334

Interval Color
Photograph (cm) (Munsell Description
Color
Standard,
GSA,
1991)

10 YR | dark yellowish orange very coarse sar

0T 18 6/6 | with pebbles
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Scotland Beach at Sandwave Peak, Core 2Total lengthi 66 cm
Location: Northingd214796 Easting383592

Photograph

Interval
(cm)

Color
(Munsell
Color
Standard,
GSA,
1991)

Description

0-10

10 YR
6/6

dark yellowish orange fine grained sar

10-66

N2
mottled
with
N4

grayish black anoxic sand mottled with
medium dark gray anoxic sand. Somg
pebbles, small amounts of iron deposi
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Scotland Beach at Sandwave Trough, Core 3Total lengthi 22 cm
Location: Northingd214794 Easting383570

Photograph

Interval
(cm)

Color
(Munsell
Color
Standard,
GSA,
1991)

Description

0-10

10 YR
4/2

dark yellowish brown sand with shells

10-22

N1

black anoxic sand with large shells, irc

deposits
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Scotland Beach at 11 ft depth, Core 4 Total lengthi 36 cm
Location: Northingd214767 Easting383694

Interval Color
Photograph (cm) (Munsell Description
Color
Standard,
GSA,
1991)

0-6 air/water

¥
u !
b

capped with a very thin layer of sand

;
t

light olive gray clayrich mud heavily
5Y glayed with iron deposits throughout.
6/1 pocket of black anoxic mud located
from 10 to 20 cm.

10-36

- o

110



Meeks Pt Beach Core, Core 1 Total lengthi 30 cm
Location: Northingd356451 Eastingd02343

Photograph

Interval Color
(cm) (Munsell Description
Color
Standard,
GSA,
1991)
dark yellowish orange medium to coar
grainedbeach sand
. 10YR
0T 18 6/6
18 cmi band of dark minerals
18-28 1% /\gR layers of large pebbles
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Meeks Pt at Tideline, Core 2 Total lengthi 36 cm
Location: Northingd356457 Eastingd02343

Interval Color
Photograph (cm) (Munsell Description
Color
Standard,
GSA,
1991)

10 YR | dark yellowish orange very coarse sar

016 6/6 | andpebbles

pale yellowish brown muddy sand with
distinct silver luster/sheen from minera

10 ¥R with a texture of fine grained mud

6-36 6/2

some iron mottling
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Meeks Pt. at 3 ft depth, Core 3 Total lengthi 24 cm
Location: Northingd356468 Eastingd02339

Interval Color
Photograph (cm) (Munsell Description
Color
Standard,
GSA,
1991)

5Y light olive gray mudwith large pebbles
6/1 and interbedded sand

5-24 g/\g light olive gray heavy clay mud
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Meeks Pt at 8 ft depth, Core 4 Total lengthi 42cm

Location: Northingd356541 Eastingd02250

Interval Color
Photograph (cm) (Munsell
Color
Standard,
GSA,
1991)

Description

A

>
~ . F

- 5YR brownish black sand with large shells
ﬁ 01 20 o1 | @round 20 cmsome lighter brown

| mottling

|

9

‘- 20-27 N5 layer of anoxic black sand

27-42 191/\2(R dark yellowish brown sand
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Meeks Pt at 2.9m depth, Core 5 Total lengthi 56 cm
Location: Northingd356560 Easting402229

Photograph

Interval
(cm)

Color
(Munsell
Color
Standard,
GSA,
1991)

Description

5Y 4/1
with
10YR 5/4

olive gray muddy sand wittnoderate
yellowish brown sand interbedded

7-56

10YR
5/4

with

10YR
4/2

moderate yellowish brown sand mottle
with anoxic grayblack sand and dark
yellowish brown sand
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