Chapter 12: Tidal Inlets
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Inlet Relationships

Tidal Inlets

Inlet: conduit through which
there is a direct exchange
between ocean and bay water

Tidal Inlet: the depth of the main
channel is controlled/maintained by
the oscillation of the tide through the
conduit (tidal currents)

Unstructured Inlet Structured Inlet

Incident Wave
Field

Basic Morphology
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Inlet Morphology: is predominantly controlled by waves and tides

Basic Morphology

Stabilized Federal Inlet
Width = 244 m
Semidiurnal Tide, Mean Range = 0.88 m at entrance (ocean side)

Ebb Shoal Complex

Spring Range = 1.1 m
Prism = 3.29 x 107 m?
Average Wave Climate; H=1m, T=7s, SE

Basic Flood Delta/Shoal Morphology

1 flood ramp :dominated by strong flooding currents, sand waves

2 flood channel  :two shallow channels around the flood delta, sand waves
3 ebb shield :highest landward portion of the delta

4 ebb spit :sand scoured from shield by ebbing currents

5 spillover lobe  :ebbing currents, breach the spit
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1 Main Channel

2 Terminal Lobe
3 Swash Platform
4 Marginal Bars

:dominated by ebb currents

Basic Ebb Delta/Shoal Morphology

:sand deposited as currents exit channel, reworked
:broad interior plateau
:confine the ebb-jet/current

Channel margin linear bars

Swash bars

by wave:

5 Swash Bars :wave generated bars on the swash platform
6 Flood Channels  :shallow channels upon which flood tide enters

Influence of Waves on Ebb-Shoal Morphology
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Additional Inlet Parameters

i fearetne Tidal Prism (P): volume of water
_ah flowing through the inlet during half
i I of a tidal cycle

i = Tidal Range (a0): height of the tidal
3 | wave, measured from the high tide
3 RO ] crest to the low tide trough

Cross-sectional Area (ac): surface
area of a plane that bisects the
throat (perpendicular to the inlet axis
or channel)

Byt / Inlet Distribution

Why Abundant on Passive Margins?

Geology is conducive to inlet formation
Depositional coasts
Abundant sediment supply . f‘_g?@ 2
Broad flat shelf

Greater tidal forcing
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Lower wave energy

Why Abundant on Passive Margins?
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Tidal Inlet Formation
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Historical Development of Nauset Spit, Cape Cod

Tidal Inlet Formation
Barrier Island Breaching

Shinnecock Inlet, 1938

Tidal Inlet Formation
Barrier Island Breaching

g e e Pikes Inlet, 1992
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Tidal Inlet Formation

Barrier Island Breaching
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Mecox Pond, NY 1998 Stone Lagoon, Humboldt, CA

Tidal Inlet Formation
Spit Building

Buzzards Bay, MA

Inlet Classification

Tide Dominated
<Developed flood & ebb shoals 200

«Multiple ebb channels

&

Wave Dominated

«Large flood shoal

MEAN TOAL BANGE C
#
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+Small ebb shoal

Mixed Energy
=Arcuate ebb shoal

=Possible flood shoal
+One main ebb channel
Furdy;
FUF = Borthuest Florida; GB = Cermen Bighe;

Dalta, Atasha; FT = In
and ICE = Seuthecst Sooland,

Longshore Transport of Sand

The evolution of the ebb and PRt
flood shoals in part depend on
the volume of material delivered
to the inlet by wave driven
currents.

In addition the rate at which
material is bypassed across an
inlet controls the evolution of
the beaches and downdrift . i
barriers. 3
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Natural Sediment Bypassing

Bypassing: process in which sand is transported across the inlet from the up-
drift barrier to the down-drift beaches.

Bruun & Gerritsen, 1959

1. Wave driven transport
around the periphery of the
ebb-shoal complex

2. Tidal flushing through the
throat of the inlet

3. Bypassing through migration
of bar complexes and
shifting of main channel

Ebb Shoal Complex
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+Inlet migrates in dominant
transport direction

*Channel becomes hydraulically
inefficient and unstable

-Spit breaches providing a
more direct exchange of water
between ocean and bay

-Barrier Island downdrift of MES
breach is bypassed e
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FitzGerald & Kraus Bypassing Models
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*Main channel and throat
position are fixed (stable)

+Swash bars form on banks of
channel

+Wave enhanced transport

results in landward migration of ] .
Swnsh Bar Formation

swash bars ared landward Mgeatice:

*Swash bars coalesce in inter-
H Eventu i
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+Larger bar system welds to
updrift and downdrift
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Stable Inlet Processes
Price Inlet, SC

Tllustrations indicate
approximately 1 cycle for
the four year period,
however larger
complexes have been
observed to take up to
10 years to complete the
bypassing process

Figwe?  Charges in sbi-ldal della sophobongy ol P kel 5C (May 1073 ko Augst 1077)

FitzGerald & Kraus Bypassing Models

EBB TIDAL CYCLE

‘Low wave energy environments
*Wave bores enhance flood-currents, retard ebb-currents

*Result in a net landward movement of bar features

FitzGerald & Kraus Bypassing Models
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_BEACH

SWORE  FACE

+As swash bars move up shoreface (beach face), they gain greater intertidal
exposure

- This results in a decrease in the rate of shoreward migration because there is
less time for the combined influence of wave and flood-tide currents to force
their onshore movement

+The swash bars begin to stack up and coalesce into a much larger bar feature




FitzGerald & Kraus
Bypassing Models

Bar complex > 1 km

Bar complex formation and landward migration over
an eighteen month period

FitzGerald & Kraus Bypassing Models

Resulting bar complexes can be quite large, and the overall bypassing
process can take several months to even years before the sediment is
welded to the downdrift shoreline

TODEL 3

EBE-TIDAL DELTA BREACHING

FitzGerald & Kraus Bypassing Models

+Throat position is fixed,
however main channel is
deflected due to wave driven
transport and currents

+Spill-over channels bi-sect the
bank of the main channel

+Eventually deflected channel el
becomes unstable and flow is el
forced through spill-over
channel
+Bars downdrift of the new aosee
channel coalesce in inter-tidal -—
zone
+Larger bar system welds to =] 5 anarstion
downdrift shorelines i g
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FitzGerald & Kraus Bypassing Models
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Ebb-Delta Breaching Model, SC

MODEL 4
OUTER CHANNEL SHIFTING

eE

FitzGerald & Kraus Bypassing Models

+Process similar to ebb delta
breaching model except
deflection occurs on the outer
(distal) reaches of the channel,
over a shorter time period, and
resulting bar complexes are
smaller
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SPIT PLATFORM BREACHING
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FitzGerald & Kraus Bypassing Models

-Similar to Channel Migration and Spit
Breaching model except the spit
breaches through the spit platform
(which is the area of active deposition
and welding of ridges and bars




MODEL 8 FitzGerald & Kraus Bypassing Models

WAVE-DOMNATED INLETS

*Wave generated currents
drive the majority of sediment
transport around the perimeter
of the ebb-shoal complex

*Wave dominated inlets tend to
have flattened ebb-shoal
complexes

«Often inlet is unstable,
requiring dredging and
engineering structures fo
maintain the opening

Shinnecock Inlet 12-20-38

*More complex picture of
bypassing

FitzGerald & Kraus Bypassing Models
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Natural Sediment BYPOSSiﬂg (Bruun & Gerritsen, 1959)

r=P/Miot

r bypassing ratio
P: spring tidal prism
M.+ gross littoral transport to the inlet

r<20 unstable inlet; inlet may be closed occasionally during a storm
event because the tidal prism is relatively small

r=20-50 inlet with many bars (typical wave-dominated bar-bypassing
system) and highly changeable channels; inlets are relatively
unstable and dredging/structures are often required

r=50-150 inlet with well-developed ebb delta and one or more channels
(bar and flow-bypassing system, mixed energy)

r>150 inlet is typical flow-bypassing system (tide-dominated); stable

Width = 244 m

Semidiurnal Tide

Mean Range = 0.88 m

Spring Range = 1.1 m

Prism = 3.29 x 107 m3

Wave Climate; H=1m, T=7s, SE
Gross Transport = 305,000 m%/yr

r=108: inlet with well-developed ebb delta and one or more
channels (bar and flow-bypassing system, mixed energy)

Barrier Island Types, Relation to Bypassing

Downdrift Offset Barrier

Negligible Offset Barrier

LOCATION OF BAR WELDING

Emann, aauTATE

. ¥odel of the factors affecting th type of
sedinme bypassing and whese the ber coeplexes weld
Sondriit dorelive. o




Updrift Offset Barrier

Sediment starvation of
downdrift barrier leads
to recession

Sub-Classification of Barriers

Drumstick
barrier island
| Location where /
swash bars attach
to the beach - mﬂ":m
— - er
— ey

\ Downdrift bulbous
barrier island
-~

ey

Drumstick Barrier = Downdrift Offset Barrier

Complex wave refraction
pattern around ebb-shoal
leads to transport reversal
at the attachment point.

Note: Not as frequent for
engineered or structured
inlets

Formation of Drumstick Barrier

Dominant longshore
l!idh'\l“l tramaport

Equilibrium, Tidal Inlet Relationships

« Inlets are evolving toward a dynamic state of equilibrium
« Initial rate of growth of ebb and flood shoal complexes is rapid

* The growth rate decreases as inlets develop more permanent morphologic
features and establish bypassing pathways

+ The time it takes the inlet to reach equilibrium depends on the tidal prism, wave
climate, and anthropogenic influences on the system (mainly dredging).

* As sea level rises can dynamic equilibrium be obtained?

Examples of empirical and theoeetical equilibmum relaioeships for tidl mict meephology

Auhor Méoephalkngic Bature of melation Reltoaship
LeComie (1908}, OF (1931, 19, Mimimum channel crvsesectional wea, A= Eyr*
3 on ( 1972% | and Gowrlay (1980}, A inow: LeConte, Riedel and Gourlay,
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Escoffier (19401 Inkat cross-sactional arm stability Closuse curve
Iner stahitiny. sand hypassing type P
Mimimum emrance bar (chb shoal) limcar
depth vs. channel depth; bar distance
offibore va chamel depth
Juarent (1976) Mimimum channe s sectional ana, Ac=GP*
with and withou jetties
Wilvon and Adams {19 Equilbrium cbb shoal volime, ¥y (now: Fa= O™
Marin md Mebea (1 separae relumars scconing i wve chimaie)
Shigomum (1951) Equlbrium thmoa widd, & W=

A Thorin {1993)
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Carr de Deta amd Meba (2001)
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Cross-Sectional Area and Tidal Prism Relationship, Jarrett, 1976)
Ac=C*Pn
Ac = minimum cross-sectional area (m2)

P = tidal prism (m3)
Cand 7 = correlation coefficients (jetties)

Regression values found by Jarrett (1978) for Ae= 28" (mz,lidal inlets on LS. coasts)

Alllnlets Unjettied, Singe-Jettied Dual Jettied
Location [ n [ n % n
AllInlets 1576 <407 035 7ITRAD 103 74a0 %407 036
AbrticCosst | 3pagsan® | 105 | 2oerwan® | 107 1saxn? | 085
Gulf Coagt 9311 907 084 g9z 10 086 Ireuff. deta |gﬁ.
e
PacifcCoast | 2g33%107% ikl B50% 100 140 1maxn™ 085

Prism = 3.29 x 107 m®
Wave Climate; H=1m, T=7s, SE

dual jettied inlet
Cand nare 1.58 x 10 and 0.95

Ac equilibrium =2,188 m?
Ac 1994 = 1551 m?
Ac 1998 =1566 m?

inlet is scouring toward the predicted equilibrium flow area

Walton and Adams, Ebb-Shoal Volume

Determined a relationship between tidal prism (P) and the volume of sand contained
within the ebb-shoal complex for inlets in equilibrium.

Vepy = CP?
Vebb = volume of equilibrium ebb shoal yd®
P = tidal prism (f13)
cn = correlation coefficients based on energy regime
H2T?
Hs = significant wave height
T = significant wave period

Walton and Adams, Ebb-Shoal Volume

Cn = correlation coefficients based on energy regime
H2T?

H2T?2  0-30 = mildly exposed coast

H2T?2  30-300 = moderately exposed coast

H2T?2  >300 = highly exposed coast

n= 123

C= 13.8 x 102 mildly exposed coast

C= 105 x 102 moderately exposed coast

C= 8.7 x 105 highly exposed coast

Walton and Adams, Ebb-Shoal Volume

Vipp = CXAC"

Vebb = volume of equilibrium ebb shoal yd?

Ac = cross-sectional area (f12)

Ccn = correlation coefficients based on energy regime
n= 128
C= 457 mildly exposed coast
C= 407 moderately exposed coast
C= 33.1 highly exposed coast

Prism = 3.29 x 107 m®
Wave Climate; H=1m, T=7s, SE

moderately exposed inlet
Cand nare 10.5 x 105 and 1.23
equilibrium ebb-delta volume = 11,200,000 m3.

1998 (6,463,000 m?) (Morang, 1999).

Shinnecock Inlet approximately 60 % of equilibrium volume.
attain equilibrium in ~ 75 years (Kraus, 2001)

dredging of the ebb-shoal will setback the evolution of the inlet




