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Problem Statement N <=
Range in Beach Change
= Prediction of long-term (decadal) and regional (70'~10? km) shoreline before/after Beach Nourishment by

changes is a key task in regional coastal management practices. GenCade Monte-Carlo Model

= Arange of methods including beach fills/nourishment, sand bypassing
and structures have been utilized to mitigate coastal erosion. The
Regional benefits and interactions of these methods are difficult to
quantify along this regional-scale coastline.

= Quantifying erosion risk and uncertainty in simulating long-term
shoreline changes is essential for risk-based coastal management IR
practice. i

= GenCade provides various capabilities for predicting long-term and
regional shoreline evolution driven by longshore and cross-shore
transport and coastal protection measures. The model has to be
validated by applying to engineering practices.

- . Landwardmost Mear -

Strategic R&D: Innovation in Sediment Management (Shoreline Erosion )

SoN-NAV-1726 (Nearshore Nourishment Best Management Practices)
SoN-1386 (Strategic Nearshore Placement of Dredged Material to Sustain
Coastal Beach & Dune Resilience)

US Army Corps of Engineers e Engineer Research and Development Center e Coastal and Hydraulics Laboratory
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Capability and Strategic Impact Statement

Prof'le Lines

= V&V: Quantify and control model errors by
extensive model validation using various types of | =
field survey data (transect survey, hydro survey) |:
for long-term and regional scale simulation.

® CAB0e
% [ ABNS

= GenCade-based Monte-Carlo Simulation: Provide
probabilistic shoreline changes solutions driven
by physical processes (wave, currents, sediment

()
Input wave conditions for setting up the

'Random probability density functions, i.e. wave e
Signals (e.g. heights, periods, angles m condition
Waves) = x

transport)

Generate time series of wave heights .

= Quantitative long-term (>life cycle) impact

k

: t |
and angles based on probability density [§ )l ‘ ’M [nhl‘l uﬂ'ﬁﬁﬂ'l ig‘l | “;l
functions (pdfs) : { l' iy l" """“
GenCade ,;; p
F‘@?

50 L] 50 100
Comparisan of Shoreline History at No.
‘¥ Simulation of shoreline changes by the
one-line model, GenCade

assessment of coastal protection measures (i.e.
structures (groins, jetties, breakwater, seawall),
beach fills, nourishment, etc), including inlets

Repeat N times

Statistic
Analysis

h 4

Statistic analysis of shoreline changes

= Has a potential to provide risk-based erosion e | ‘_
prediction for planning and management_ The more fest sampies (N, the beiter statistic resuits 1

GenCade-Based Monte Carlo Simulation

US Army Corps of Engineers e Engineer Research and Development Center e Coastal and Hydraulics Laboratory
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GenCade — SMS 13.2+ mterface (DMI and others)

Phase 1 — Recreate all feature arc types

with more user-friendly look and feel.
(Complete)

Phase 2 — Use DMI to generate a 1-d grid.

(Nearing completion)

Phase 3 — Model Control and Post
Processing improvements.

Phase 4 — Add Cross-shore
(DMI design completed, Nearing completion)
Phase 5 — Add Monte Carlo

(Same as Phase 4)

@AcOpt

Arc Units:
Metric ~
Units such as 'm' and 'cu m'" will be used, as appropriate.

ﬂ:iwn;? ntour : NeW
e | Interface

| Inlet

|

|Left Jetty on Inlet
Right Jetty on Inlet

: Bypass Event

—

FRF_Shoreline_Study_7.cntmcxsh

WAVE_PDF 2 #]
SLR_RATE 4.55 %
SUBSIDENCE_RATE 0.0 #
BEACHFACE_SLOPE 0.01091
DEFAULT_ONSHORE_RATE 0.0
MEAN_ANGLE -5.0753
STD_ANGLE 18.48331
MEAN WAVEHEIGHT 0.8209

MAX WAVEANGLE
NRUNS_MONTECARLO

6
A0 _WEIBULL 0.67697 F

BO_WEIBULL
KO_WEIBULL
HX_THRESHOLD

MIN WAVEHEIGHT
MAX_WAVEHEIGHT
TURNOFF_MONTECARLO .Fal
WAVE_INTERVAL_MC 1.0
INCLUDE_XSHORE_SED .TRUE.

ALPHA_ XSHORE 1.80
CHANGE _BERMHEIGHT_BY_ SLR .TRUE.
CHANGE BEA HFACE _ SLOPE -.TRUE.

RUN '“10\""5 “ARLO_ BEACHFILL

.FALSE.
:T:RATE_BEA-.HF-LL_nA DTH 0.0

| GenCade Control File

US Army Corps of Engineers e
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catter Web

[[] Enable Monte Carlo
Probabidity Function

(O Narrow band - Rayleigh Distribution
(O wiide band - Rayleigh and Weibul

DMI |

Regional SLC (mm/yr):

Regional Subsidence (mm/yr):

Beach Slope: _
Onshore transport rate (m~3/m/yr):

AL Mean:

[[] Enable cross-share transport

Cross-shore scaling parameter (<=1.0):
[[] Enable variable berm height with SLC

[[] Enable varying slope with shoreline position
[[] Enable Beach Fil

Beach Fill sigma percentage:

e

Engineer Research and Development Center e Coastal and Hydraulics Laboratory




UNCLASSIFIED

GenCade: Technical Transfer (1/2)

« GenCade and SBAS Webinar in CWG 2020 iy ps
- A presentation in VICCE2020 (a 14-min pre-recorded video) R e T e
* An iPoster presented in AGU Fall Meeting 2020 ———

* A presentation in 2021 ASCE EWRI, June 7-11, 2021 (a 15-min 0900 - 1200 Eastern

The Coastal Inlets Research Program (CIRP) and the National Regional Sediment Management

pre'reco rd ed VldeO) Program (RSM) will give a demonstration of GenCade and SBAS. Tutorial and example files are

linked below.

» A presentation in Next Generation Coastal Planning Model
Meeting, July 14, 2021

Coastal Inlets Research Program

- All hands-on documents, files, and executable (216 MB) [ZIP]

(el=13[8=[s[=] - PDF of hands-on tutorial
- Main GenCade web page

Simulation of Long-Term Shoreline
Change Driven by Longshore and

(-}sns 234 (84-bi) - [Feowick_I013_posthillsms]
Data GenCade Web Window belp

139 Il Q@b'

Cross-shore Sediment Transport L T
_ (= [ - E}-
- . ekt Ve B romsicon ¥
A
Yan Ding, Ph.D. Research Civil Engineer EE?:"‘" i l§ £l 1
Sung-Chan Kim, Richard B. Styles, and Rusty L. l iy e O s 5 1K
Permenter DS uy
T Dﬁx o NCWP, 1
D*__w, w @ e

CaoriZada: Engraa i Aol i an
Tl B Mo ing S ne Clange

%

| B B
=l Jormossen, vesesan
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GenCade: Technical Transfer (2/2) «

DOTS project "s'

» GenCade Training for Shoreline Simulation on Carolina +|
Beach, NC (USACE-SAW) =

Reimbursable Projects %i

* Determining Shoreline Response to Beach Fill Templates for o e,
CSRM study in Okaloosa County, Florida (USACE-SAM) L /’

« Study of Atlantic City North End Erosion Using GenCade 5
Shoreline Simulations (USACE-NAP)

* Onofre Creek and Beach Study, Camp Pendleton, CA (USACE-

SPL).

Comparison of Shoreline Position at IX =700

F f‘__
sosf X

' ' Dasy:
| g S
508500 &= ffn

508150 P =0.954, RMSE =22.9 ft, NRMSE=7.5% { 32‘:;\‘3“0“ 1
L e

508100 L L . . . . . . L
06 o7 08 09 10 1 12 13 14 15 186
Year
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Develop a Regional Scale GenCade Model usmg GIS & Others

@ SMS 12.3.4 (64-bit) - [Ab_inlet.sms]

L3 E — H] Lq @ g&? -f_' - ; 'f'. : : _ ve dme _m - = BMAP
[ : g —:e‘:—,’ - - P o] -
T - Shoreling and Tmage -2 3 f

= L@mnoam Cf (} 7 3 = -. ! MHW (+1.57 NAVDSS) NAVDSS
D@ Area Propertyﬁ 9:; | - i o - \ o
@ WIS _Gages_Coor e J Apracon
O <D regionsi conour f;; & r4
D@ AB_Beachéills " . : ‘:‘f’ ‘.‘,.
gg !mn'al :no.‘eu.mj /; W s ;.:’“'
D@ AB_Beachils (2) é ; & ) ‘ - 4-',3. " 0 2000 o0 ot .‘
DQ Brigantne Beach F i e ) S 3| -
D@ Seawall 'r’ /L < E
e Merge coverage ..:: - i

T ggf:immgm /ﬁ% Y 4 uoogre Car U
Eg A CoIIect survey data of beach profiles and hydro survey (using BMAP)
*r| Absecon_shapefik | .4 |
A sigsioe v | T [ _ 2. Extract shorelines from transect survey data and create geo-referenced
g‘“ ] ¢ ’ 7 shapefiles of shorelines for model and V&V (MatLab)
]| *T] Absecon_shapefile o e . .
e 3. Create geo-referenced features (shapefiles) for coastal protection events such
g:::::‘:::: as beach fills (MatLab)
% 4. Create geo-referenced structures (groins, breakwaters, seawall, jetties, etc.)
| *| Brigantne_shapefi
R (SMS)

L o 5. Automatic mapping GenCade results to geographic coordinates and displaying

in Google Earth and Google Map (MatLab, Google Earth)
< | 6. Automatic statistic error analysis (RMSE, R2, NRMSE, etc) (MatLab)

US Army Corps of Engineers e

Engineer Research and Development Center e Coastal and Hydraulics Laboratory
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Regional-Scale Shoreline Evolution Simulations (FY21 Reimbursable Projects)

Shoreline Position (ft)

Atlantic City

(SAM)

Okaloosa Island CSRM p—

- ' " 508500
508450
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508350

508300

508250

Shoreline Position Y (ft)

508200

508150

508100 —
08

P =0.954, RMSE =22.9 ft, NRMSE=7.5%

| L 1 L 1
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Observation | |

Shoreline Positions on 09/01/2010

L

-& - Observation

Erosion Hot Spot (NAP)

Shoreline Positions on 04/01/2017

—
-
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GenCade: Code Management and Accessory Tool Development

Develop a new version (v2p0) by merging the version with cross-shore and
Monte-Carlo into the released version V1r8. The DMI in SMS 13.1 will be

available for it.

Debugging, testing, and V&V about modeling structures:
Fixed major bugs in wave diffracting calculation, seawall module, and buried structures
Increased simulation efficiency (> 4 times faster by a release mode)
Types of structures: Groin, Jetty, Detached Breakwater, T-Groin, Seawall, and combinations of

Groin and DB.
Code release (v1r8)

Develop a suite of tools (Matlab and Fortran) for statistic error analysis for
(1) Quantifying model skill performance (model skill assessment metrics)

(2) Monte-Carlo result analysis (including maximum likelihood analysis for extreme
shoreline changes, uncertainty estimation, erosion estimation in return perlods)

(3) Spectral analysis of waves to determine random wave conditions G oticnt B

Develop a suite of tools (Matlab) for visualization:

(1) Analyzing and Displaying GIS shapefiles of historical data (shoreline,
beach fill, Beach-fx reaches ).

(2) Displaying in Google Earth (comparing with historical images)

Update GenCade web site

Wamsley, T. et al. CHETN-II-45, 2002

Figure 1. Notation for wave transmission predictive | llas

SMS 12.3

@ Breakwater Attributes X I

Freeboard to MSL (m) | 30 ~
Width (m) i 30

Seaward Side Slope |D 333

Shoreward Side Slope | 053

D50 of armor stone (m) l0.9

Cancel

Start Cell

[1_145 12000
2

US Army Corps of Engineers e
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S um mary FY21 Major Products & Collaborations

FY21 Major Advances in Capability

« 1 TR: ERDC/CHL TR-21-1 published,
1 TR GenCade Monte-Carlo simulation, TR-xx-

Release GenCade v1r8 DRAFT, in preparation

Upgraded GenCade to include Monte-Carlo and 1 JA: DOI: 10.1061/(ASCE)WW.1943-
Cross-Shore transport 5460.0000644

Develop DMI GenCade Interface (near completion) * 1 Webinars (CWG 2020): GenCade and SBAS
Debug and optimize codes 4 Oral Presentations in conferences
Reimbursable projects (test capabilities) 1 DOTS project (SAW)

Publications and technical transfer 3 Reimbursable Projects (SAM, NAP, SPL)
Leveraging to other Programs: SBAS

Planned Outyear Products/Advances

Release GenCade V.2.0 (Cross-shore + Monte-Carlo), publish TR, and technical transfer
Continue working with Aquaveo to complete DMI development

Cross-shore Transport for beach fill / nourishment and nearshore placement: for predicting effect of
beach fill by better quantifying variations of shoreline and volume (native and placed).

Data assimilation for predicting long-term and regional shoreline evolution
Couple GenCade with multi-dimensional coastal morphological model
Aeolian transport for change of berm and dune

US Army Corps of Engineers e Engineer Research and Development Center e Coastal and Hydraulics Laboratory
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