Beach-inlet Interaction and Regional Sediment
Management at Pristine And Developed Barrier Islands
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Introduction: morphological features in a beach-inlet system
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Managing sand
movement, naturally
or artificially, among
the different features
requires in-depth
understanding of
sediment
transport/deposition
and beach-inlet

interaction



Introduction: a typical “problem” at a beach-inlet system

Balancing a relatively
stable-wide beach and

i AT S stable-navigable inlet is a
g complicated task, requiring
collaboration among
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Introduction: managing sediment at a regional scale

4. TAKE ACTION
-Construct, monitor & adaptively manage

-Capture benefits & lessons learned 1. UNDERSTAND REGION
-Incorporate into standard practice () -Sediment sources, project needs,
s processes, gaps, engineering actions,
O

)

= ecological considerations
Q, _/ -Resources, challenges & requirements
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3. REGIONAL RSM STRATEGY A

-Integrate projects into Regional Strateéké:_‘/

-ID authorities, funding, permit requirements;”
leveraging.opportunities

-Prioritize: need; benefits, timelines

2. EVALUATE RSM STRATEGIES
(PROJECT SCALE)

-Efficient & effective use of sediments
, -Project-level analysis
(tools, models, technologies)
-RSM pilot projects

ﬁ\, Communication, Collaboration, Innovation, Decision Making
Interagency, Stakeholders, Partners, Resource Agencies

The USACE regional sediment
management process
(https://[rsm.usace.army.mil/:
RSM Book: Tools and
Technologies).



https://rsm.usace.army.mil/

Beach-inlet Interaction and Sediment Transport Pathways

How do sediments (sand) move from one side of the inlet to the other side?
What are the dominant processes?

l./ w—p Tide-generated
, current transport
I =P \Wave-generated

current transport
/ A conceptual model

1: terminal lobe or bypassing bar
2: main inlet channel

3: barrier island beach

4: barrier island beach
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Beach-inlet Interaction and Sediment Transport Pathways

How do sand move from one side of the inlet to the other side?
What are the dominant processes?

=) Wave-induced transport
Tide-induced transport

—r Mixed wave- and tide-
induced transport
g -} Sediment Particle Pathway
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Beach-inlet Interaction and Sediment Transport Pathways

How do sand move from one side of the inlet to the other side?

What are the dominant processes? _
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lllustrated via
time-series
aerial photos,
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Beach-inlet Interaction and Sediment Transport Pathways

How do sediments (sand) move from one side of the inlet to the other side?
What are the dominant processes?
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lllustrated via time-series aerial photos, Stump Pass, FL



Beach-inlet Interaction and Sediment Transport Pathways

How do sediments (sand) move from one side of the inlet to the other side?
What are the dominant processes?
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lllustrated via time-series aerial photos, Big Sarasota Pass, FL



Beach-inlet Interaction and Sediment Transport Pathways
Conceptual models on beach-inlet interaction (FitzGerald et al., 2000)
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Beach-inlet Interaction and Sediment Transport Pathways
Conceptual models on beach-inlet interaction (FitzGerald et al., 2000)
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Beach-inlet Interaction and Sediment Transport Pathways
(querlcal_modelmg of beach- |nlet interaction: inlet reservoir model (IRM)
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Beach-inlet Interaction and Sediment Transport Pathways
Numerical modeling of beach-inlet interaction: inlet reservoir model (IRM)

Offshore

Flood Shoal

0.9

o Deposition Basin «

V=1,000,000,000 m?

A multiple-pathway version
of IRM (Rosati et al., 2011)

Qe in

200,000 m3/yr

Ocean

| 03 = Coupling coefficients

| —— =Sediment transport pathway
5 ."- : .t l iy

c > Ebb-Tidal Shoal
' m 8,
as-s/n
Key: 0, QBar\ 4

Vc VDe VEe VFe Vye VOe -
5]
Up-Drift Barrier@ £|P

Attach. Bar

Equilibrium Vols

Down-Dirift Barrier Island

V£=200,000 m? - h

Bm

V. e:’\ ,000,000 me



Beach-inlet Interaction and Sediment Transport Pathways
Numerical modeling of beach-inlet interaction: inlet reservoir model (IRM)
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Beach-inlet Interaction and Sediment
Transport Pathways

Process-based numerical modeling
of beach-inlet interaction (CMS.in this case)

Traced sediment deployed at two nearshore locations each
updrift (Tracer A and B) and downdrift (Tracer C and D) of
Shark River Inlet illustrated as total tracer concentration
(kg/m?, log scale) throughout the bed layers at Days 20, 30,
100, and 365 (from Beck et al., 2020).




Beach-inlet Interaction and Sediment Transport Pathways
Formulating and Balancing a Sediment Budget

Z Q Source \ z Q s1nk 2 ﬂ V + P = R ol RE&IE{EHH!

Qsource (e.q., bluffs, river influx)

Qsink e.q.. wind-blown transport)

beach

@ " e ma ” "= m=m

AV (beach erosion/accretion),
P (beach fill, dredged placement),

Qsink (LST) Qsource (LST)

Qsource (LST)

R (dredging, mining)

ocean Sink (LST)

Qsink (e.g., sea level, submarine canyon)

Sediment budget parameters entering and leaving a budget area. LST denotes longshore
sediment transport (from Rosati, 2005).



Beach-inlet Interaction and Sediment
Transport Pathways

Formulating and Balancing a Sediment Budget: key
considerations

1)

2)
3)

4)

Formulating and quantifying a sediment budget are often quite

complicated, requiring practically everything we know about the system. |

Determining the appropriate and efficient temporal and spatial scales.

Theoretically, long budget period (years to decades) is desirable. In

reality, temporal scales are controlled by the availability of accurate data,

and its applicability in representing future trends.

Spatially, it is desirable to have a sediment-budget area be defined by

closed boundaries, e.g.,
a) landward boundary: without significant riverine sediment input, in

the back-barrier bay;
b) seaward boundary: depth of closure;
c) lateral boundaries:
i) for rock coast: headlands;
ii) section of beach where longshore transport rate is known;
iii) tidal inlets with minimal or known sand bypassing rate

Qsource (e.qg., bluffs, river influx)

$ Qsink (e.g., wind-blown transport)

Qsink (LST)
Q .
source (LST) 44—

T = T e e =T T s = = -

AV (beach erosion/accretion),
P (beach fill, dredged placement),

<

u R (dredging, mining)

ocean

— Qsource (LST)

_r Qsink (LsT)

i Qsink (e.q., sea level, submarine canyon)




Beach-inlet Interaction and Sedimenthranspor’t Pathways

A Regional Sediment
Management Framework

/Develop Management
Plan & Iteratively

Advance
eDesign long-term (e.g. 50-100
year) resource management plan

eImplement and reevaluate
vesource plan

‘ . D
Apply Engineering Tools |
Supporting RSM
eSediment dynamics in numerical

models (1D, 2D, 3D)

eSediment budget analysis
\OOperationaI optimization

/

Define & Prioritize

Objectives
eConserve resources

eMinimize risks (e.g. inlet collapse
or breaching)

eMaximize inlet stability
eOptimize navigability
eOptimize social, economical or

\\\\ ecological benefits

| o

/Quantify Risks &

Knowledge Gaps
eEcological, economic, & societal value
eInformation gaps

*Risk event intensity/frequency of
occurrence

\OMorphodynamic critical thresholds

N\
|
|
|
|

Define Scope & |
Constraints
eProject spatio-temporal scope

ePolicy constraints and political
boundaries

eFinancial constraints i

\\\ORegulatory constraints

/ Gather Scientific

Background Information

eRegional geology and sediment
supply

eInlet hydrodynamicsand
morphodynamics

eBeach morphodynamics

eEnvironment and
ecomorphodynamics

eLong-term impact factors (SLR)

|




Beach-inlet Interaction and Sediment Transport Pathways

Summary:

A systems approach incorporating adequate temporal-spatial scales is essential
for modern beach protection & restoration.

Understanding & quantifying sediment bypassing, associated pathways, and the
temporal scales of their morphodynamics are key to the RMS of tidal inlets and
adjacent beaches.

Many tools, conceptual and numerical modeling, have been developed.

Managing sediment resources at a regional scale through a balanced sediment
budget constitute a major component in coastal resilience building.
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