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Field Site (South Bethany Beach, DE, USA)
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Research Questions

What would be the morphological sequences that lead to accretion and migration of the
Ridge-Runnel system in response to varying hydrodynamic forcing conditions ?

What would be the role of Ridge-Runnel system in the overall beach recovery process ?
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CSHORE: A Process- based Cross-shore Morphological Numerical Model (Kobayashi, 2009)

wet model >

tand d del
€ wet and dry mode

ponded water
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upslope
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downslope upsiope

« Available in a public domain (USACE W912BU-09-C-0023)

* Time-averaged, depth-averaged continuity and momentum Eqgns.

* Empirical formulas for irregular wave runup, overtopping, and overflow (Kobayashi et al., 2008)

* Ponded water effect to account for velocity asymmetry

* A time-averaged probabilistic sediment dynamics model

* Uniform bottom sediment: d.,, s,

Bed load b, suspended load a, wave overtopping a,, and suspension efficiency e, and e; 5
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CSHORE: A Process-based, Cross-shore Morphological Numerical Model (Kobayashi, 2009)

(e,D +eD,) _bRG,S)

O = (&U T aan)Vs V= Psk Iig(rs ~ DWZJ 1+S)” g, g(S ~ 1)

* Available in a public domain (USACE W912BU-09-C-0023)

* Time-averaged, depth-averaged continuity and momentum Eqgns.

* Uniform bottom sediment: d.,, s,

* Empirical formulas for irregular wave runup, overtopping, and overflow (Kobayashi et al., 2008
* Ponded water effect to account for velocity asymmetry

* A time-averaged probabilistic sediment dynamics model

Bed load b, suspended load a, wave overtopping a,, and suspension efficiency e, and e; 6
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CSHORE: A Process-based, Cross-shore Morphological Numerical Model (Kobayashi, 2009)

Computational very efficient

* Model easily calibrated

* Enhanced stability and computational efficiency
* Inputs readily procurable
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Ridge-Runnel Evolution
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Profile Evolution: Ridge-Runnel Formation & Stabilization
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Profile Evolution: Ridge-Runnel Formation & Stabilization
Ridge grows rapidly in both vertical and seaward directions
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Profile Evolution: Ridge-Runnel Formation & Stabilization
Ridge grows slowly in the seaward direction
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Profile Evolution: Ridge-Runnel Onshore Migration
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Profile Evolution: Berm Growth
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Profile Evolution: Berm Growth

2 -
‘1 - o
3
:i 0t — 10-Mar (23.1 days)
S = | g e 10-Mar (23.3 days)
= 0 AMWI - ——11-Mar (23.6 days)
E E 2| — = 11-Mar {23.9 days)
z P - —
'ﬂ‘_ -1 7 Post-recovery (25-Feb) _gi::;:::g jﬁ;
g | .
= ——08-Mar (20.8 days) 057 ——25-Mar (37.6 days)
ST N SR T SR 09-Mar (21.8 days)
= =10-Mar (22.8 days) —
— — = 12-Mar (24.8 days) é
-3 r —25-Mar (37.7 days) s
. . . | =
100 120 140 160
r (m)
g Q -
2: 2 T T E
: -
»E E)22/1O 02/15 02/20 02/25 03/02 03/07 03/12 03/17 03/22 0325 =y
. =
E sE T T T T T : -1 |
5 A o i =
B ) A ; ' ' ' |
: 8 AT o 100 120 140 160
02/10 02/15 02/20 02/25 03/02 03/07 03/12 03/17 03/22 03/25

Date (MM/DD) I |: Hl] 20



RESULTS: BEACH PROFILE EVOLUTION Al [ﬁ]ﬁvﬁym%‘r

OCEAN ENG-NEERING

TEXAS A&M UNIVERSITY

T
Background | Methodology | Results | Discussion

Profile Evolution: Berm Growth

1| By 25-Mar (76 tidal cycles)
* Anew berm grows toward a berm-dune beach template
o O VWL : : :
E « Seaward growth starts from a landward, high elevation location
fi 10 Post-recovery (25-Feb) » Neap-Berm concept (Hine, 1979) and Berm Growth Mode 2 (Weir et al., 2006)
A —08-Mar (20.8 days)
SIS S A 09-Mar (21.8 days) |+ Steady morphological growth and consist velocity distribution
= =10-Mar (22.8 days)
— =~ 12:Mar (24.8 days)  Sediment carried from the lower swash feeds the upper berm face
gt e 36 -Mar (37.7 days) -
100 120 140 160
r (m) Z,=1.1m(vs1l.1m)
2 WWWWVW\ANV\WWWWWVWWWW\IWMW ] x = 159 m (+0 m landward)
3 0 W VA
E’ -2 L 1 L | 1 1 1 tanﬂ = 1.12
i £ b . ' W ' , Viesy = 152 % (46.7 m3/m)
- 002.’10 02/15 02/20 02/25 03/02 03/07 03/12 03/17 03/22 03/25

Date (MM/DD) 21



DISCUSSION AlM ST

OCEAN ENGINEERING

TEXAS A&M UNIVERSITY

Background | Methodology | Results | Dlscu55|on
Volumetric Accretion Rates

160 . . T
o Field: V ;’V
loss, V-storm ’f'
Y
140 » Model: V fvl{ha Wostorm |
» Model: V N ses’
acc,net  loss,net - e
ony”
— i
5':"3 120 | . ] =
2 =
2 =
E .Ll. - : E‘
;"-“':: 100 o " 4 h
S =
E ot ™ * "i‘f&. j
& . ® ®
3 golet gt e et s :
- . -" {} "l.- L
t. {}wﬂ
60 o % o 4
e, . . . .
) 0 50 100 150 200 250
40 . . . . . . . z (m)
5 10 15 20 25 30 35

Time (days)

22



DISCUSSION Al EIAWARE, _Nﬁ“r-_

OCEAN ENGINEERING

TEXAS A&M UNIVERSITY

Background | Methodology | Results | DlscuSS|on

CONCLUSION

* Buildup of a ridge crest can be associated with onshore directed overtopping current
prominent during spring high tides.

* The Ridge-Runnel System, once stabilized, further develops to Berm-Ridge profile
under continuing moderate wave conditions.

* Onshore Migration of Ridge-Runnel System can be realized under long-lasting (~5-6
days), moderately intense wave climates during neap tides.

* The R-R serves to reestablish the upper swash profile as sediment stored in the
Runnel can be kept in the upper beach and partially eroded off to produce the lower
swash profile favorable for onshore sediment transport by wave swash action.

* Consequently, the R-R contributes to the overall beach recovery process by expediting
the dynamic beach equilibrium process.
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South Bethany Monitoring Surveys (USACE, 2008 — 2013)

* Initial beach restoration in June 2008
e 2nd renourishment in October 2011
* Restoration completed in September 2013, after Hurricane Sandy
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CSHORE Profiles vs. Swash Velocities (Figlus et al., 2017, IJOPE)
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CSHORE vs. Observed Swash Velocities (Figlus et al., 2017)
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CSHORE: A process-based, 1D, morphodynamics model (Kobayashi, 2009)

A simple and robust model suited for engineering applications

 Routinely and reliably predictable hydrodynamics input
» Transparent formulas based on sediment dynamics on various scales

« Easy calibration and verification = computationally efficient

g :(aU+aU )V V:Pfe”Dr-l_efo\ 1+ 8%)»
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bed load b, suspended load a, suspension efficiency (wave breaking e, bottom friction e;),
wave overwash a,

q,
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