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1. Program

The SEDIMARE “2" Training School” was organized by the University of Twente and
Deltares at Twente and Delft, respectively, in the Netherlands, on 5-8 November 2024. Local
organizers were Prof. P. Roos and Prof. J. van der Werf. The event was attended in person by
all DCs.

The SEDIMARE meeting consisted of two parts:

1. Training for the DCs at the University of Twente, Enschede on 5-6 November. The
DCs followed a presentation skills training. They worked on the presentations to be
given at Part 2 of the meeting. Draft presentations had to be ready before the start of
the training.

2. Experimental & modeling workshop for all SEDIMARE members at Deltares, Delft
on 7-8 November.

Tuesday 5 November (DCs only) - University of Twente, Horsttoren, room Z-203
08.45 —09.00 walk-in

09.00 — 09.15 welcome by Kathelijne Wijnberg, UT professor Coastal Systems a& Nature-
Based Engineering

09.15 - 12.30 training presentation skills
12.30 — 14.00 lunch
14.00 — 17.00 training presentation skills

Wednesday 6 November (DCs only) - University of Twente, Horsttoren, room Z-203
09.00 — 12.30 training presentation skills

12.30 - 13.00 lunch

~14.00 train to Delft

Thursday 7 November — Deltares, room Ganges Delta

Training School & Workshop “Experimental and Practical Modelling of Sediment Transport
and Coastal Morphology”

09.00 —09.30 walk-in

09.30 — 09.45 welcome by Dirk-Jan Walstra (managing director Deltares) & Jebbe van der
Werf

09.45 -10.00 Athanassios Dimas (PI) — introduction of SEDIMARE

10.00 — 10.40 Keynote 1: Bas van Maren (Deltares, TUDelft) — “Measurements and modeling
of the erodibility of sand-mud beds” (30 min + 10 min discussion)

10.40-11.00 coffee/tea break
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Morphodynamic modeling oriented DCs (10 min presentation, 10 min discussion)

11.00 — 11.20 Buckle Subbiah Elavazhagan (#5) - Morphodynamic analysis of the upper
confined and unconfined beach profiles during episodic events

11.20 — 11.40 Jowi Miranda (#7) — Process-based modeling of sand mud morphodynamics
11.40 — 12.00 Nasim Soori (#4) - Mixing and transport in the coastal area

12.00 — 12.20 Nishchay Tiwari (#12) - Multi-models approach to scour in dynamics areas
12.20 - 13.30 lunch

13.30 — 14.10 Keynote 2: Sandra Soares-Frazao, UCL — “Breaching of earthen embankments:
from small-scale laboratory experiments to field measurements using
photogrammetry” (30 min + 10 min discussion)

Field/lab oriented DCs (10 min presentation, 10 min discussion)
14.10 — 14.30 Muhammed Said Parlak (#2) - Nearshore wave processes by remote sensing

14.30 - 14.50 Van Thi To Nguyen (#3) - Erosion and transport processes of sand-silt
mixtures

14.50 — 15.10 coffee/tea break

15.10 — 15.30 Siyuan Wang (#8) - Morphodynamics of breach growth and bank erosion using
laboratory experiments

15.30 — 15.50 Eloah Rosas (#9) - Characterization of stratification and near-bed dense layers
in high-density sediment-laden flows

15.50 — 16.10 Saeed Osouli (#10) - Overtopping breakwater for energy conversion
16.10 — 17.00 discussion of DC secondments (lead by Athanassios Dimas)
19.00 “Meeting ” dinner in the evening.

Friday 8 November — Deltares, room Ganges Delta

Training School & Workshop “Experimental and Practical Modelling of Sediment Transport
and Coastal Morphology”

Detailed numerical modeling DCs (10 min presentation, 10 min discussion)

09.30 -9.50 loannis Gerasimos Tsipas (#1) - Large-eddy simulations of turbulent
oscillatory flow and sediment transport induced by waves

09.50 — 10.10 Quan Nguyen (#11) - Morphodynamic swash zone modelling

10.10 — 10.30 Evangelos Petridis (#6) - Mathematical modeling and numerical simulations of
water-saturated granular materials

10.30 — 11.00 Keynote 3: Mark Klein Breteler — Deltares experimental facilities & measuring
techniques (20 min + 10 min discussion)

11.00 — 11.15 coffee/tea break
11.15 - 12.30 guided tour of Deltares experimental facilities
12.30 - 13.30 lunch
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2. Presentations

The theme of the 2™ Network Training School was “Experimental and Practical Modelling of
Sediment Transport and Coastal Morphology”. Therefore, the scope of the presentations by
scientists was on the fundamentals and the applications of experimental and field methods, as
well as on practical modelling to be used by the DCs in their research.

The corresponding presentations, as well as the presentations of all the DCs, are shown in the
next pages.
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“Measurements and modeling of the erodibility of sand-mud beds”
(Invited Speaker Bas van Maren, Deltares & TUDelft)



e enabling delta life

Deltares

Measurements and modeling of the
erodibility of (sand)-mud beds

Recent insights into the role of density

Bas van Maren

(with most of the work done by others, especially Leo van Rijn, Roy van Weerdenburg,
Marcio Boechat, Ana Colina, Irene Colosimo, Thijs van Kessel, Floris van Rees)



Wadden Sea fringing flats (near Koehool)

What is the mud content?
What is the dry density?

AR

‘Mud’
- Density ~500 kg/m3
Mud content ~50-60%

- PhD work Irene Colosimo |




Erosion parameter

Recent InSIthS Critical bed shear

stress for erosion

* Role of density in erosion of sand-mud mixtures
- MUSA experiments
— Delft3D improvements

™ ~(ir)
« Strength development during drying E =
Ter

— Field experiments
— Delft3D improvements

Deltares



Role of density In erosion of sand-mud mixtures

« MUSA project (Improve understanding of erosion & sedimentation of sand-mud
mixtures and implement it in engineering tools and numerical software)

« 2020 - 2023 (MUSA2 2024 — 2028)

« Consortium of Leo v. Rijn, WaterProof, Boskalis, DEME, Jan de Nul, RHDHYV,
Arcadis, DHI, HRW, Deltares (Svasek, Rijkswaterstaat, Waterbouwkundig

Laboratorium Borgerhout)

Literature survey Lab experiments Field surveys Analysis + Toolbox Upgrade
- Erosion (flumes) - boat + frame Formulations - Leovan numerical
- Properties - Flocculation camera Rijn tools )
measurements - CoDeS models:

Deltares Delft3D + Mike

.
‘. o
. 7 %



Sample collection

* Bulk samples

« Undisturbed samples




| ..:.".'-: MUSA
Erosion tests AL

Small flume Big flume

Dela res



. < MUSA
Erosion tests =

Deltares 7



Erosion tests

Sediment beds:

« Placed beds (undisturbed samples)
« Remoulded beds

* Diluted, remoulded beds

verification

Observation method

* Visual determination of Critical Bed Shear Str ss@ (all samples)

« SSC conversion to erosion rate to determine

Deltares

erosion parameter (some samples)



Erosion tests — main findings

Muddy sediment consolidates slowly =
remains soft under Wadden Sea conditions

Critical bed-shear stress (N/m?2)

2.5
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Check for
updatas

Critical Bed-Shear Stress of Mud-Sand Mixtures

L. C. van Rijn, DrEng."; M. Boechat Albernaz, Ph.D.%; L. Perk®; A. Colina Alonso, Dr.Eng.%;
R. J. A van Weerdenburg®; and D. 8. van Maren, Ph.D.®

Sand erodes
relatively easy

—@-—= Noordpolderzijl (remolded)
=—@-— Holwerd (remolded)

—@-— MUSA samples (remolded)

{ e Equation 5

=» =» eEquation 6

==0) == MUSA samples (undisturbed)

Mixtures consolidate relatively fast
because of high permeability &
weight = develop strength for

conditions in the Wadden Sea

4270

70% i

Pfines < 63 um=

srosion

Data of] L2/ S 5%
TTAs:
:\!‘.tm}t:;werp’i / 10% ‘.\
Iletal 1997 3% a~
§! g i 85%
el | — -—ow-k400 Low-Medifim 400-800 Medium High 800t1200 ¢ High Density > 1200

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

Dry bulk density (kg/m3)

T, IS highest for
intermediate density

This corresponds to
mixtures with a mud
content of 30-70%

High density: sandy
mixtures with a low 1,
(Shields curve
erosion)

Low density: muddy
mixtures with a low 7,



Erosion tests — main findings

Muddy sediment consolidates slowly =
remains soft under Wadden Sea conditions

()

Check for
updatas

ASCE

Critical Bed-Shear Stress of Mud-Sand Mixtures

L. C. van Rijn, DrEng."; M. Boechat Albernaz, Ph.D.%; L. Perk®; A. Colina Alonso, Dr.Eng.%;

R. J. A van Weerdenburg®; and D. 8. van Maren, Ph.D.®

2.5

Pure muds do not exist in the

2rosion
exposed Wadden Sea (only

depositing in sheltered

areas)
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Erosion tests — main findings

« Why not relating directly to mud content? Correlation with density is stronger.

Deltares

Critical bed-shear stress, flume (N/m?2)

35

2.5 |

—@—Surface erosion; MUSA-Data medium-high density 600-1500 kg/m3

—#— Surface erosion; Noordpolderzijl-data medium-hig density 600-1500 kg/m3

—&— Surface erosion; Holwerd data medium-high density 600-1500 kg/m3

—— Surface erosion; MUSA-data low density < 400 kg/m3

1.5

Trendline M
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. e <" MUSA
Erosion tests — main findings T,

So what is new?

 Most earlier work focussed on maximum densities, not actual densities, of the sand-mud mixtures

« But in dynamic systems with regular resuspension and deposition as fluid mud, muddy mixtures do
not have time to consolidate

: i Smith et al., 2015
Mitchener & Torfs, 1996 Panagiotopoulos et al., 1997 Ye et al., 2011
(b) o
~ 103 — o164 51 H
‘?‘E = Deposited beds Maximum shear - 152.5 pm () .y 1
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<" MUSA
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« Equation 6 implemented in Delft3D
* Density related to mud content via empirical site-specific relation py,, = 500p;pes + 1600pg,ng-
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Testing with Delft3D

« Schematized tidal basin with uniform initial bathymetry consisting
of 95% sand and 5% mud

* Mud and sand prescribed at open boundary conditions

* Model is run for tidal conditions with mild waves for 45 years to
generate a typical tidal basin morphology

» Followed by 5 years with more energetic wave conditions

Constant 7,
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. . =~ MUSA
Testing with Delft3D S5 L
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« Calm conditions (45 years):
— marginal effect of a density-depending 7,
Constant 7, density-depending 7.,z [m]
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Testing with Delft3D

« Calm conditions (45 years):
— marginal effect of a density-depending 7,
— Mud deposits on the higher flats

%]
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- " A simple parameterization for a complex process: |-. -
TeStIng Wlth Delfth - Tides bring sediment to the flats ,
- Muddy sediments consolidate and gain strength <<~ -
to withstand erosion <+
. Calm conditions (45 years): - rl?]l:)tdtglenm without a complex consolidation

— marginal effect of a density-depending 7,
— Mud deposits on the higher flats

- And including sand-mud

« Storm conditions (5 years)
— For constant 7., a large amount of mud deposited during calm conditions is eroded
— For density-depending 1., the mud largely remains on the flats

Mud erodes
Constant 7,

density-depending 7, AP, [%]

'50
' I-so

-
-—

Mud remains




Drying of intertidal flats

610

590

570

Detailed observations of erosion during storm conditions on

muddy, fringing flats along the Wadden Sea

Four frames equiped with ADV (velocity & bed level), SSC,
pressure. Converted to bed level change (BLC) & bed shear

stress 1,
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Drying of intertidal flats

» Detailed observations of erosion during storm conditions on
muddy, fringing flats along the Wadden Sea

* Four frames equiped with ADV (velocity & bed level), SSC,
pressure. Converted to bed level change (BLC) & bed shear

stress 1,

T, remains 4 Pa but
Nno more erosion

Event 1: 1, = 4 Pa;
erosion of 1.5 cm
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erosion of 3 cm
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Drying of intertidal flats

« Key to gaining strength against energetic
conditions is emergence of tidal flats
- Negative pore pressures
— Drying

* In the Wadden Sea, emergence is strongly
regulated by wind effects

« The upper intertidal remains dry multiple tidal
cycles during periods with wind-induced setdown

Contents lists available at ScienceDirect

Geomorphology

§
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EI SEVIER journal homepage: www.journals.elsevier.com/geomorphology
Winds of opportunity: The effects of wind on intertidal flat accretion S

Irene Colosimo °, Dirk Sebastiaan van Maren »™%", Paul Lodewijk Maria de Vet ™",
Johan Christiaan Winterwerp “, Bram Christiaan van Prooijen "
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Drying of intertidal flats

Modelling effect of drying on erodibility
1. Empirical model of Nguyen et al. (2022)

- T, (and M) as a function of
- Chlorofyll content
- Exposure duration
- Air temperature

* Implemented in the BMI environment of
Delft3D-FM

(Tb R Tcr)

TCT

E=M

Deltares

Continental Shelf Research 245 (2022) 104802

Contents lists available at ScienceDirect

Continental Shelf Research

journal homepage: www.elsevier.com/locate/csr

S CONTINENTAL
SHELF RESEARCH

Modeling the effects of aerial temperature and exposure period on
intertidal mudflat profiles

Hieu M. Nguyen ™, Karin R. Bryan ™", Zeng Zhou® ", Conrad A. Pilditch®

Check for
updates

High Chl-a
Pooled data
—— Low Chl-a
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Drying of intertidal flats

Modelling effect of drying on erodibility
1. Empirical model of Nguyen et al. (2022)

- T, (and M) as a function of
- Chlorofyll content
- Exposure duration
- Air temperature

* Implemented in the BMI environment of
Delft3D-FM

» First experiences... this method has some
intrinsic instabilities

Continental Shelf Research 245 (2022) 104802

. : — ‘ = ==
Contents lists available at ScienceDirect EHE‘[T;INnEE’mlﬁcu

Continental Shelf Research

journal homepage: www.elsevier.com/locate/csr

Modeling the effects of aerial temperature and exposure period on o
intertidal mudflat profiles

Hieu M. Nguyen ™", Karin R. Bryan ™", Zeng Zhou ", Conrad A. Pilditch®

Relationships tends to enlarge
existing topographic differences
in the intertidal zone

Deltares

High elevation =» more
evaporation=> high 7., =
deposition

Low elevation =» less

evaporation=> low 71, =» easily
\ eroded

Sediment settles on nearby

high point with high 7., =»

erosion e




Drying of intertidal flats - modelling

Modelling effect of drying on erodibility
1. Empirical model of Nguyen et al. (2022)

2. Darcy-based model of van Rees at al. (2024),
for mixtures with mud content >30%

TCT'
A

Tercs

Tcr, gel

& frontiers | Frontiers in

Effect of air exposure time on
erodibility of intertidal mud flats

Floris F. van Rees**! Jill Hanssen*!, Stefano Gamberoni

Arno M. Talmon™* and Thijs van Kessel

(Tb R Tcr)

TCT'

E=M

Drained erosion, depends on M only
Critical state: density at which shear strain does
not change the volume or effective stress

Undrained erosion, depends on 7, and M

Gelling concentration: density at which

flocs form a space-filling network

> s

Deltares

¢gel

¢CS

24



Drying of intertidal flats - modelling

Modelling effect of drying on erodibility
1. Empirical model of Nguyen et al. (2022)

2. Darcy-based model of van Rees at al. (2024),
for mixtures with mud content >30%

$cs  computed with a Darcy model MA
including evaporation

MCS
Input parameters for M and 7,
derived from sediment properties
(lab analyses)

Mgel

& frontiers | Frontiers in

Effect of air exposure time on
erodibility of intertidal mud flats

Floris F. van Rees*?**!, Jill Hanssen'*!, Stefano Gamberoni

rno M. Talmon™* and Thijs van Kessel

E =

Undrained erosion,
depends on 7, and M

(Tb R Tcr)

TCT'

M

Drained erosion,
depends on M only

Deltares

¢gel

¢CS



& frontiers | Frontiers in A ‘jtj :% !
Effect of air exposure time on
erodibility of intertidal mud flats
Modelling effect of drying on erodibility
1. Empirical model of Nguyen et al. (2022)
2. Darcy-based model of van Rees at al. (2024), 0251 | variable ¢=0.1g/l |1
for mixtures with mud content >30% e constant ¢=0.1 g/
i variable ¢=0.05 g/l
(N R constant ¢=0.05 g/l
_ 0.2+ ---------------- variable c=0.2 g/l |
$cs  computed with a Darcy model T constant c=0.2 g/
including evaporation 2 | T
= o154+ A U e ot 1
b
]
Input parameters for M and 7, T
derived from sediment properties 0.1 -
Tt

(lab analyses)

1DV model & Delft3D-Delwaq 0.05

implementation (ongoing work)

ol L 8 o /\n/[\ .Am/\ -

0 1000 2000 3000 4000 5000 6000 7000 8000
Deltares Time (h)




Main takeaways

« Erosion of sand-mud mixtures depends more strongly on density than on
mud content

* |n wave-influenced environments very muddy mixtures are easily erodible
because they consolidate slowly (and therefore do not exist in the Wadden

Sea)

« Sand-mud mixtures especially gain resistance against erosion during dry
periods

« We have some new modelling tools accounting for these effects....

Deltares 27
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“Breaching of earthen embankments: from small-scale laboratory experiments to field
measurements using photogrammetry”

(Sandra Soares-Frazao, UCLOUVAIN)



Breachmg of earthen embankments
From small-scale laboratory experiments to
field measurements using photogrammetry

_. St 24 J



Outline

* Dikes, embankments, levees

* Failure modes

* What information do we need ?
* Laboratory experiments

* Field tests



Farth dams

|

Banasura Sagar Dam, India Embankment dam at Diamond Valley Lake, an off-stream
reservoir in Riverside County, California



River dikes

T

Paved bike path on top of earthen dike levee along Mississippi River in Louisiana



Sea dikes and dunes

Sea-dike in Westkapelle, the Netherlands Dunes in Belgium



These structures can fail...

Teton dam, USA, 1976



These structures can fail...

Steinbach-dam

Germany
July 2021




These structures can fail...

Tous dam, Spain
1982




These structures can fail...

Lake
Pontchartrain

New Orleans
Area Map

Floodwall Along New
30 Mississippi River Orleans Hurricane 30
— ;ro;cecaion IIievee —
Floodwa
e | * 2138FI-=rT Project Flowline 17.5 FT G 0
- SPH Design LA MEUL
Il Avg Annual Highwater 14 FT Elevation 11.5 ET T

Gentilly ~ Normal Lake 1.0 FT Level
Ridge

S T
§
/ o
/T Esplanade at Gentilly Blvd.|  St. Anthony at
/& Canalst. | St.Claude at Allen Wildair Dr.
/. atRiver
5 St. Louis Derbigny at I-10  pijlard Univ.

Elevations in Feet NGVD

UNO Side of
Wainright Dr

&
/ § Cathedral Wainright Dr.
Selale at L.C. Simon

City of New Orleans Ground Elevations
From Canal St. at the Mississippi River to the Lakefront at U.N.O.

The 17th Street Canal, New Orleans, 2005



These structures can fail...

a

{Q‘l 63" tﬁ\‘hdl

"-b

“10.40% l,imdsnde B

S
3

Baige landslide dam, Jinsha River, China, 2018




Failure modes

Levee crest

Anatomy of a levee H
v 1a,Overtopping 1b. Overtopping/Jetting
2.Internal Erosion/Piping 3.Surface Erosion I

4.Sliding

5.Wave Impacts 6. Structural Impacts

M Seepage and piping
7.Liquefaction

~ Structural failure
o ‘ ‘

8.Piping of substratum 9.Tree damage 10. Slope failure




Overtopping

* Non-cohesive:
progressive, surface
erosion

* Cohesive:
mass failure, steep
bank slopes

(a) Headcut erosion through a test levee [Photo:
USDA-ARS-HERU Stillwater, OK. US]

Walder et al. 2015



Key variables to know

* Breach hydrograph
* Breach formation and widening
* Failure time

1600
ATl_(gbreach
21200 b @ T2-Qpreach
< i
= {
< :
= 800 i
S
=
5
& 400
0
41.5 43.5 45.5 47.5 49.5

Time (min)

IMPACT, Mo i Rana, Norway, 2002



Laboratory experiments

* Scale effects: Froude A, =2, =1
Ao =AY

Small-scale model

N A

Medium-scale model

Embankment height: 0.2 m



Laboratory experiments

 Dam layout

* Scale

e Dam material

* Inflow conditions
* Measurements

H Bimodal grain distribution
Qin A
Qin 4 Q ﬁ

- -
t t
Constant inflow discharge Constant upstream water level
:

-
=

t t




Medium-scale experiments

= i

Qout

Pumping Station Drainage
Pipe ©@50mm

18 m

45 cm

Pilot channel g‘ \ /




Medium-scale experiments




Photogrammetry measurements

AN
; ‘

8,
i
i
,..
z
£
3 .
b3
S
by

SR

AP A

Multi-stationary synchronized Dense Point Cloud Elevation Map (DEM)
cameras 2,000,000 points Pixel size: 0.006 (m)
10 Fixed cameras on time-lapse mode



Photogrammetry measurements

Dense Point Cloud Elevation Map (DEM) Orthophoto
No point or few points inside the flow Interpolation Resolution: 1.39 mm/pix



Breach evolutior

300 50 50 250

Continuous 1.00
segment :
above water 050 1
Dashed segment:
interpolated area
inside the flow 0.60 +
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040 +
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——120s 2405
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Discharge (1/s)

Breach hydrograph G,

224 (I/s)—
1000 1000 : :
900 500 Fine Sand Medium Sand
800 | 800 . ’ |
700 4200 _
600 600 E, B . el
500 “Tso0 3 ammm X
400 400 :E
300 { 300 =
200 - Vertical ‘ Lateral . 200
mg erosiM*": erosion :)00
00 05 10 15 20 25 30 35 40 45 50 55
Time (min)
Time =3.1 min
Fine Sand (fS) 0. =0 —A dz,
breach = “in

Medium Sand (mS) dt



Water content in the embankment

Sensors
visible after
dike failure

— o o -
] W =~ wn

Water content (m3/m?)

&
—

0

_....-.--.-.--.-.-o—-o-o--o-o--o-o-o--o-o--:::-_-:—_:-o
,H—l-. ..::“-:..".".”.”....-.-.--o..
._./o—o—o B
/ o
/ .~ =—e-Sensor 1
K ,'-J ., ) —e—Sensor 2
¢ e
/ P naidhe -+#--Sensor 3
e ¢ —e— Water Level (mm)
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iterreg E
2 Seas Mers Zeeén
Polder2C's

Field measurements - Polder2C’s

Scheldt River

North
Sea
a Living Lab
“o\seﬁ Hedwige-Prosperpolder

(LLHPP)




iterreg E
2 Seas Mers Zeeén
Polder2C’s

Field measurements - Polder2C’s

Wave overtopping tests




Field measurements

Central camera's

10 cameras;
Time-lapse:
= | photo/s

Importing 10 photos int $ L
mporting 10 photos into 1 _ Metashape
9_?‘“‘??95 Ah en ment‘;:: . 3D Dense Cloud
Re

cntruction

25

A, W

Digital elevation model
(DEM) containing
coordinates of all points

4.97m

2.89m



6.4

e
)

e
N

Z Photogrammetry (m)

4.9

4.4

Field measurements - Polder2C’s

1
T

MAE=0.04 m

O

o D> ¥ O

+ 0O B X

Initial slope

WOCI: N50

WOC2: N100

WOC3: N250

WOC4: N500

WOC6: N650

WOCT7: N800

WOCS8: N1045

Z Photogrammetry = Z

4.4

4.9

5.4
Zgps (M)

5.9

6.4



Field measurements - Polder2C’s

Erosion measurements

4
N -0.2

3
2 - 0.4 K

A Z (m)

16 17 18
x (m)

10.5 11 11.5 12 12.5 13 13.5 14




What'snext? 0

Tea -

Pore pressure and
saturation degree evolution *  Water depth
= *  Explicit sol
must be tracked ) XPCTE SOWer
e e * One-dimensionnal mesh

* Finite volume method

* Numerical modelling |

. * Saturation degree + pore pressure
* Breaching process and bank \‘ An implicit solver
. . * Mass exchange * Unstructured mesh

erosion: im proved mOdeI * Sequential coupling * Finite volume method
. . *  Mualem-van Genuchten constitutive law
* Influence of soil saturation level

* Experiments ? BONSAj b jeliy 52
* Small and medium scales, various materials v 0

. e ¥ N U
+ Flow though the dike co— - o =
* Velocity measurements = [ T e

* Field work
* Bonsai project



Numerical modelling

Experimental data Richards equations PFEM

sensors

AVay
KRRV ARRD
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D AVATAVAYAV AV VAV AVAVAAYATLYAVLYAV VAV s

AV AVATATAVVAYAVAVav.1s%

45 5
A Rk
Koot \)
= <]

KRR
DR

sandy levee g “':%gé*ﬁ‘*é’? i

PRI SO
bOdy — v,g Vﬁiﬁﬂnﬁﬁ I Xﬁ#ﬂﬂﬂﬂ;‘ﬂa 2

peat

-
\

dense coarse sand

~

Combined model

—

\- J

https://sites.uclouvain.be/hydraulics-group/watlab/index.html




T

ow through the

mbankment

Influence of initial water saturation on overtopping

Height [m]

T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Length [m]

Tidal amplitude (/)

054 A B

| /N1 ,

-2 0 2 t
x (m)

Level at gauge B
«  Experimental Level at gauge B

0

2000 3000

1(s)

1000



Surface erosion

2D shallow-water equations
Exner equation for sediment continuity
Multi-layered and non-uniform sediment transport

Zb+h

q
Zb+h \ Water
Water
Zb o T * ‘
7b, Layer #1 L Active layer U
a
sz Layer #2 f-], fg, ot fm
: ; Layer #1< _

Zbi 1 Substrate layer k=
Zb,

z Fy, Fa, -, Fn
y .
« Zb; Layer #2

Zbr

(a) . Ha=Hp=Hc
~ ViV,
|b<EA<EE<EC

(b) ——- Hy=He<Hs
Vy ~ Vi<V

SN N ErsErEc=0

Erosion

(C) —_——— - Hy=Hg<Hc
/ S o y
/ ~ W <Vg=Ve
~
_//\/\ EA{EB}EC!EC{'U
~
SN N
Erosion Deposition
(d) Fm——
Ve
~
Pl NG EwEerEcs0
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Dike erosion with different « fine » content
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Mass movement using PFEM

Time (s): 0.0
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Thank you for your attention
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(Invited Speaker Mark Klein Breteler, Deltares)



Deltares
SEDIMARE

Experimental facilities &

measurement techniques at
Deltares

Mark Klein Breteler
Ivo van der Werf

Tijl Wijnants

@ enabling delta life




Contents

* Introduction to Deltares (wave-related) facilities
— Scheldt Flume
— Delta Basin
— Atlantic Basin

» Typical projects & measurements for small scale facilities
» Adeeper dive into the Delta Flume

Deltares



Physical modelling at Deltares

Wave flumes and wave basins:

L (m) W(m)h(m) Hg(m)

« 2D, small scale: Scheldt Flume 110 1 1.2 0.28
« 2D & 3D, small scale: Atlantic Basin 75 8.7 1.4 0.25
3D, small scale: Delta Basin 50 50 1.4 0.25
« 2D, large scale: Delta Flume 300 5 95 2.2

Atlantic Basin



Projects in the Scheldt Flume

|

S

~ —Afsluitdijk forces on discharge sluices

Dellores

L

Low-crested structure with dynamic cobble beach Toe stablity




Projects in the Scheldt Flume

Coastal structures

B A ——— ES—— W = anresse
[ & o
. &
~ #
" -l - .
. i
.‘-. : -
D‘-!!.
o -
\ - .y N
v g f et = Low-crested structure with raised foreshore to lower wave overtopping



Projects in the Delta Basin

ph —

A

e =

Forces and overtopping on quay wall
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Construction phase modelling

Deltares
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Small-scale measurement technlques

« Hydrodynamic measurements
— Wave gauges
— Velocity meters

L R e d s - = | g
« Camera measurements ~ A - 1 R SO e
— Underwater camera e " S— i — . e
— Internal camera e g A ATES R =& S
- PIV v nies oA I

» 3D stereophotography e ot e —_—

o 3D Terrestrial laser scanner
« Additional project-specific
measurements

— e.g. force sensors, run-up markers
etc.

Deltares



Small-scale measurement technlques

’“-__ *‘hp ‘y
""-s‘i W+
* Hydrodynamic measurements ‘“3‘\

- Wave gauges
- Velocity meters

« Camera measurements
— Underwater camera
— Internal camera
- PIV

« 3D stereophotography

3D Terrestrial laser scanner

« Additional project-specific
measurements

— e.g. force sensors, run-up markers
etc.

Deltares



Delta Flume - Specifications

« Wave height: Hg .., =2.1m, H, =4.7m
* Regular waves H,,, =3.2m

* Length: 300 m

« Width: 5m

 Depth:9.5m

» Active reflection compensation

« Tidal water level variation during tests

Deltares

Delta Flume at Deltares

11



Delta Flume - Examples of projects

e Coastal structures:
« Wave impacts
» Vegetation (building with nature)

« Energy transition: offshore wind

« Wave attack on offshore wind turbine
substructure

e Scour protection

« Soilmechanics:
 deformations
* erosion

Deltares

Delta Flume at Deltares

12



Building with nature

.E-ii’kﬂ"

T

A
s

=
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L UE

Delta Flume at Deltares

Deltares




Energy transition: offshore wind

« \Wave attack on offshore wind turbine
substructure

e Scour protection

Deltares

Delta Flume at Deltares



Delta Flume - Examples of instruments

Wave gauges:

— Resistant type
— Radac (acoustic)
— Lidar

— Video Al

Flow meters
— Electromagnetic
- ADV and ADCP

Pressure cells
Accelerometers
Faro laser scanner
Video

Deltares

e;!fﬁre cells on slope

Electromagnetic
velocity meters

Delta Flume at Deltares

15



Delta Flume — Example project
Erosion of clay embankements by wave attack

w&“%p
o

N

'2"

Deltares

Delta Flume at Deltares

16



Erosion of clay embankements by wave attack

T T— : W TC—— o

Structures clay with mature grass from
old embankement

Blocks of 2x2 m2, 0.85 m thick

Deltares

Delta Flume at Deltares



Erosion of clay embankements by wave attack

Construction of full scale embankment

Deltares

Delta Flume at Deltares



Erosion approach

Projects aimed at characterisation of er
process .\

Observed erosion process:

Phase 1: erosion grows mainly in depth

Phase 2: terrace and cliff erosion
eroded volume increases faster

2. Erosion in
Grass

horizontal direction Different stages of
erosion

1. Erosion in
vertical direction




Erosion approach

Projects aimed at characterisation of erosion
process

: :  Erodibility of clay
Physical modelling ot protess

: : « Extension of the Delta flume experiments
Numerical mOde”mg » Detallled information on the hydraulic loads

Emprical formulas to describe the erosion rate

Erosion formulas  Description of the erosion profile over time

Expected return period of erosion depths

Probabilistic calculations « Minimum required thickness of the clay revetment

20



level above bottom at wave ba
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10 |

Delta

Flume — Example project

Climate impact on atoll islands (ARISE)

* Modelling of climate impact on Atoll islands
— Large scale because of scale effects

*  Runup,

* Validation of Xbeach numerical model

overwash, erosion of island

0,0 100 0 310t40,0 50,0 60,0 70,0 80,0 90,0 100,0110,0120,0 130,0 140,0 150,0 160,0 170,0 180,0 190,0 200,0 210,0 220,80 230,0 240,0 250,0 2

e

! e n n ! { ! ! /

Coral reef platform

Q Q | /

a re S distance from wave board (m) /

Lagoon

Fa
L2




Delta Flume — Example project
Climate impact on atoll islands (ARISE)

Modelling of climate impact on Atoll islands
Runup, overwash, erosion of island

PR - F__THE ey

Deltares

22



6.2r

Delta Flume — Example project
Climate impact on atoll islands (ARISE)

587

56

z [m]

54r

* Modelling of climate impact on Atoll islands

52r

Post-storm profiles LTM2

Deltares
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Contact

f www.deltares.nl ¥ @deltares in linkedin.com/company/deltares

= info@deltares.nl B @deltares f facebook.com/deltaresNL
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Morphodynamic Analysis of the upper confined and
unconfined beach profiles during Episodic events
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Javier L. Lara
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Free long waves and its role in inaccurate numerical prediction of break bar formation
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I INTRODUCTION

Shoaling zone Breaking zone surf
} ng } 4 urf zone | Swash zone |
—— Long waves
e Short waves

Applying IH2VOF —SED model to model different morphodynamic
processes and the governing hydrodynamics on different beach
configurations and sustainable protection measures

1 Shoaling zone  Breaking zone , Surf zone

L Shoaling zone Breaking zone Surf zone Swash zone |
} §.% j Breaking zone 4 jowash zone 4 1 1 | Overtopping
Long waves
— Short waves

Original profile

Long waves
— Short waves



| NUMERICAL BACKGROUND

2DV RANS based solver

Turbulence is accounted using a k-¢ closure model

[—y

5t Interpolztion Point

Free surface reconstruction using Volume of Fluid technique

2nd Interpolation

Roulond et.al 2006 Emprical formula for Bed load transport

Advective- Diffusive equation is solved for Suspended load transport

1 L]
Cut-cell technique is used to model solid boundaries
/j AN Soli
N
Made improvements to the existing code *____._ _
Implemented Two point Friction velocity estimation method h -

This approach still use log-law for estimation

But removes assumption of Roughness Length
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Elevation(m)
|_I.

Implementing Laboratory case

1
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I Implementing Laboratory case

1. First Order Wave generation

2. Significant Presence of Free long
waves

3. No active wave absorption

1. Modelling entire length of the flume would be

1. First and second order waves as
boundary condition

2. Active wave absorption with
possibility of disabling it

challenging for a Sediment transport model without
coupling with a hydrodynamic model

2. No paddle sighals means measured wave gauge

Data Limitation Numerical Limitation data at a certain point would be used as a wave

input
1. Didn't get wave paddle motion signals 1. 2D model
2. Certain ADV and ADCP data are 2. Difficulty in replicating entire length
lacking due to unexpected of the flume
sedimentation during the experiments 3. High computational cost

J.W.M. Kranenborg et.al, 2024

Effects of free surface modelling and wave-breaking turbulence on depth-resolved modelling of sediment transport in the swash zone, Coastal Engineering.

Joep van der Zanden et,al, 2019a
Sand transport processes and bed level changes induced by two alternating laboratory swash events, Coastal Engineering.




IV Free vs Bound Long waves

Bound Long Waves Free Long Waves

Generated at the wave paddle bound Generated Freely in the lab through

Source to the primary wave group using 2" non linear interactions of primary
order wave generation wave group and wave reflections
Tied to primary wave group, travels :

Dependence Independent, self-propagating

at wave group celerity

Trigger for

. After Wave breaking becomes free Primary wave group interaction
Existence
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Free Wave Generation in the Lab

Free Surface Elevation
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Results - Free Surface Elevation (Final 4 wave groups)

Original signal from wave guage
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Vi

Results - Wave components(First 4 wave groups)

Original signal from wave gauge
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Twin velocity concentration points at the bed potentially leading to
formation of two troughs

VI Results - Bed Level Evolution

T=5550 s
T
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Results - Sediment Transport

Sediment transport (m3/s)
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Representation of evolution of
Sediment transport over 30minutes, in
the Filtered + Second Order case



VI  Results - Velocity and Sediment concentration during first 4 and final 4 wave groups

U- Velocity Sediment Concentration
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VIl Conclusion

Accurate representation of phase of the long wave and free wave energy is needed for accurate
representation of sediment transport

Using free wave contaminated waves from gauges changes the way the waves breaks in the
model and thus bar formation

Free long waves generated in the model does not perfectly match the long waves
generated in the Laboratory

In the breaking zone significant difference in free long wave presence alters the
breaking and sediment dynamics



VIl What's Next

The current work on free wave influence in numerical model will be developed and communicated

Next case will be validating the model with a bound wave component experiment
Validating the model for a case with submerged vegetation field
First Secondment in Deltares — September Next year (Planned - not confirmed)

Validating the model for seawall case (beach morphodynamics and wave overtopping)

Second Secondment in UNIVPM - in 2026
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VI  Results - Velocity

ADV 1 3@ R
_ 20 I I * ADV : | wave Guage
w
E ~2-50 1
2 £ 1: 2 3 5 & z
é £ E E W i
> c
| | | | | | [+] W T W W
2
60 70 80 % 100 110 s 1-50 2 KKk Kk
) 1 3456 7
Time (s) g 1
|
, ADV 2 v 10 i | d 1.3521 ACVP
= | m

_ I I [ I I w b 1
4 0.5 1
E I
Solh I e NG N AL WP\ EN e PN OGN AN L -
g 0 = = = = = 5 o
3 o 5 10 15 20 25 30 35
= Cross-shore(m)

Time (s)
Laboratory M-OGwaves e M-0G waves*0.8
= M-Filtered 0.18-0.34Hz "~~~ M-Filtered(0.18-0.34Hz)+Super Harmonics

1. No significant changes in the velocities for the change in
wave conditions
2. Meaning wave breaking occurs quite similarly across the
different cases.
* 7 * Time ) 100 e 3. RMSE values varies between 04 to 0.6 for the different
. cases

Velocity (m/s)

Velocity (m/s)

Time (s)

=== Laboratory = M-0G waves ~ ~M-OG waves*0.8
recceceis M-Filtered 0.18-0.34 Hz ~-~-=M d(0.18-0.34 Hz):

p




\

Results - Free Surface Elevation (First 4 wave groups)

Original signal from wave gauge
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Results - Energy Density

First Four Wave groups
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Vi

Results - Wave Components(Final 4 wave groups)

Original signal from wave gauge

35

40

45 50 55
t(s)

7 (m)

30 35 40 a5
t(s)

= = =Modeled (superharmonics) = = = Measured (superharmonics)

Measured (shortwave) Modeled {longwave)

Modeled (shortwave)
rececccans Measured (longwave)

50

55

7 (m)

71 (m)

71 (m)

041

WG 1

t(s)
WG 7

40 45 50
t(s)

71 (m)

1 (m)

:
:
i I ; #
: =
1.3521 ACVP
1.5 m
0.5 i
5 10 15 20 25 30

| | wave Guage

7 (m)

Cross-shore(im)

35

-0.05

t(s)

= = = Modeled (superharmonics) = = = Measured (superharmonics)
Modeled (longwave)

Measured (shortwave)

Modeled (shortwave)
rececceins Measured (longwave)




Initiation of motion of
sand-mud beds

Paterno “Jowi” S. Miranda |V, MCE

Research update

G p.s.miranda@utwente.nl
jowi.miranda@deltares.nl

m patrno4

Deltares YISy SEoIMARE



Contents

« Sand-mud erosion

* Initiation of motion of sediment classes (e.g. sand, silt, clay)
 Framework for initiation of motion of sand-mud

« Application of framework to collected data

* Next steps
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Sand-mud erosion

« Erosion of sediment bed containing both sand
and mud 4
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 Modes of erosion:
— Particle / floc erosion
— Surface erosion
— Mass erosion

« Estimating erosion requires a definition for
initiation of motion of both sand and mud
- E [kg/(m*s)] vs T}, (Pa)
— Definition of T,

e ———

i ) | =
- - Floc erosion Surface erosion —*

van Rijn, 2020
Jacobs, 2011
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Initiation of motion for each sediment class

v
Clay

Mud
. |
Sand Silt
« Silica material (Quartz) + Silica material (quartz) *  Alumino-silica
* Diameter:> 63 um * Diameter:2—-63 um  Diameter:<2 uym
* Non-cohesive  Apparently cohesive: « Cohesive:

- Van der Waal forces of attraction

Suspendedload

Suspendedload

: Terit
Torit Shields parameter .
plad Bedload
Deformed to critical state of sediment

(Shear dilation)

— Increased shear strength
Deltares pNVERSITY  SEDIMARE

— Cationic nature of alumino-silica
- Van der Waal forces of attraction

Suspendedload

Terit -
Cohesive strength of clay

(True cohesion)
— Increased shear strength

e ®

@ 320500 it

%



Initiation of motion

Sand-Mud (sand-silt-clay)

« What is the process for sand-mud beds?
— Shields parameter?
— Shear dilation?
— True cohesion?

Deltares pNWERSITY  SEDIMARE



Framework for initiation of motion

* Current estimation methods for initiation of
motion are a function of bulk geotechnical
parameters:

- Wetbulk density, ppux
— Median grain size diameter, Dsq
— Dry volume percentage of mud, P,,yuq4

NON-COHESIVE COHESIVE &

Ternary Diagram
0

\-100

80

=70

60

‘ T— ‘

0% %MUD 100% 80 |

=20

* Shift from a binary spectrum to a ternary o

analysis

Deltares YISy SEoIMARE



Framework for initiation of motion

 Van Ledden bed types Ternary Plot

— Based on information from ternary diagram and
volume concentration of water

- Framework characteristics:
1. Cohesion
2. Network structure

%Silt

Deltares gp‘%ﬁ,@ﬁ'{g SEDIMARE



Framework for initiation of motion

 Cohesion Ternary Plot

— Based on dry volume percentage of clay
— Literature provides a lower limit of 5-10%

Pclay - 5 - 10%

%Silt

Deltares gp‘%ﬁ,@ﬁ'{g SEDIMARE



Framework for initiation of motion

 Network structure

— Interaction of particles based on the volume content of water, ¢, qter
— lllustration using pure sand:

qbsa > quF QSSQ.’ - qbcr QSSG < QSCF

Increasing volume content of water

Increasing particle contact

SEDIMARE
Deltares gPMiNTy, oo

al., 2003

Van Ledden et



Framework for initiation of motion

* Network structure Ternary Plot

— Van Ledden et al., 2003 suggests that for sand-
mud, the dominant sediment can be based on
wet volume percentage of sand , ¢¢4nq, and silt,

¢silt-
- Sand-dominated network structure:

- Silt-dominated network structure:

¢silt
> 40— 50%
(1 - ¢sand)

— Other network structures:
1. Clay-water matrix
2. Mixed structures

%Silt

Jacobs, 2011

Deltares YISy SEDIMARE



Framework for initiation of motion

Ternary Plot

Deltares

UNIVERSITY
OF TWENTE.

%Silt

SEDIMARE

Cohesion

bn-cohesive Cohesive
) <5 —10%) (Petay =5 —10%)

Type 2:

"ipategs R minate SRASCAARIRRIed. conesive
eIt BRI ninaten TEHAGIM be

3. Mixed structure|nirpediiesive
1ateClagrdominated cottelivaeinated, cohesive
sedigi¢trd dedhated needorardiveed

6. Silt-dominated c:qhﬁsévg:

diment, non- Clay-water matrix, cohesive

sediment bed sediment bed
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Application of framework to collected data

Ternary Plot - All Data

\_ 100 Torfs, 1995
Jacobs, 2011
' - Perkey, 2020
MUSA, 2022a

‘ Yao, 2022b

70

Vol 6o

%Silt

UNIVERSITY

Deltares JNVERMIY SRDIMARE

Ternary Plot - All Data per bed type
0
3-100

=70

() Bed Type

Bed Type Il
Bed Type Il
Bed Type IV
Bed Type V

%Silt




Next steps

Dominant initiation of motion process for each

bed type

Existing initiation of motion equations, t.,j;

— Which equation best describes each Van Ledden
bed type?

1.

No Ok wN

Deltares

Mehta, 1988

Mitchener & Torfs, 1996
Roberts et al., 1998
Van Ledden et al., 2003
Van Rijn, 2007

Wu et al., 2018

Yao et al., 2022

UNIVERSITY SEDIMARE
OF TWENTE.
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Initiation of motion of
sand-mud beds

Paterno “Jowi” S. Miranda |V, MCE

Research update

G p.s.miranda@utwente.nl
jowi.miranda@deltares.nl

m patrno4
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o il PhD Project- DC4: Mixing and transport in the coastal area

~dynamically evolving

The nearshore area: = often densely populated

under increasing threat

- Estuarine environments are dynamically complex, with hydrodynamics being triggered by man
factors, e.g., nonlinear interactions between the bathymetry, the river current and many sea forcing

actions.

» In our project, we are focusing on the development of a 2D numerical solver for the hydro-

morphodynamics in the nearshore area to extract the Lagrangian motion/flow field.

v To inspect the nearshore circulations, three current values were tested, following the study of

Olabarrieta et al. (2014).

North Carolina

the New River, North Carolina

1/12
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POLITECNICA Inrtoduction

DELLE MARCHE

Domain: 3 km long in both cross-shore and alongshore directions

- Delft-3D- Flow, to investigate the flow circulation 3000 1

Opened Bounderies

= Computational mesh: spacings Ax=10m, Ay=20m ___|| ClosedBoundaries

" The resolution of the grid: 151 x 300 (M x N)

2000 F

= Boundary conditions:

T 1500}
- Inlet Boundary, Estuarine Window: Current velocity =
. . 2 1000
- Right Boundary: Riemann =
- Left Boundary: Riemann 500 |
- Top Boundary: Total Discharge .
0 500 1000 1500 2000 2500 3000

¥ coordinate (m) —

= Time Simulation: 5 hrs

DC4: Mixing and transport in the coastal area 2/12
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POLITECNICA Numerical part

DELLE MARCHE

- Water Depth

Water Depth, our study(Delft3D) Water Depth, Olabarrieta et al. (2014)

0

Cross shore distance km

2 3 4 < 6 ! 8

water depth (m) "1 O

3000

29300

2000

v coordinate (m) —
On
(2
.

1000

200

0 500 1000 1500 2000 29500 3000
X coordinate (m) —

(m)

DC4: Mixing and transport in the coastal area 3/12
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Numerical part

-1 Depth-averaged Velocity- Delft-3D: our study
U=1.1 m/s

Depth-averaged Velocity, u= 1.1 m/s

U=0.6 m/s

Depth-averaged Velocity, u= 0.6 m/s 3000

3000 .

U=1.6 m/s

Depth-averaged Velocity, u= 1.6 m/s

P
N
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J Mean Velocity- NSWE Solver: Melito et al. (2019)
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DC4: Mixing and transport in the coastal area
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DELLE MARCHE

J Particle Tracking:
v'Changes in sediment transport — coastal erosion, adverse effects on habitats, infrastructure, and
communities located along the coast.

v’ Pollution transport =™ detrimental effects on marine life and habitats.

hydrodynamic forces

» To effectively understand and model particle transport in coastal areas particle characteristics

environmental conditions

" D-WAQ PART is a random walk particle tracking model

" Horizontal dispersion due to turbulence.

DC4: Mixing and transport in the coastal area 5/12



UNIVERSITA

POLITECNICA
DELLE MARCHE

Numerical part: Delft-3D

u=0.6m/s
_ _ _ 3000
1 Releasing particles from Estuarine part:
2500 |
" The advection step due to the shear stresses from currents
2000 |
. . T
" The random walk step is related to the horizontal =
S 1500}
dispersion. o
1000 |
" Horizontal dispersion due to turbulence., According to
500 |
turbulence theory this dispersion increases in time.
I:I | | I | | |
0 500 1000 1500 2000 2500 3000
¥ coordinate —
u=1.1m/s u=1. 1=6 m/s
3000 ¢ 3000 |
2500 | 2500 |
10.4
2000 | 2000 |
T T
S 1500 < 1500 |
1000 | 1000 |
500 f 500 |
I:I | | I | | | I:I | | I | | |
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000

¥ coordinate —

¥ coordinate —s

.5

.k

- -1

= o-11.4

-1k

-

tracer (ko)
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POLITECNICA NSWE Solver

DELLE MARCHE

Boussinesg-type Equations
: : : Water Depth, Our work
] To investigate the dynamics of the nearshore zone:

NSWEs —

0

v' Wave resolving 2DH methods, such as NSWEs, are

2 ~

among the most popular approximate models for ..

investigation of the nearshore hydro-morphodynamics

(Zyserman and Johnson (2002).

250
160
200 140
150 100 =
100 80

60
50 40

20
0 0

Water Depth, our work (by Water Depth, Olabarrieta et al. (2014)

2 &

3000

2500

2000 |

y coordinate (m) —
T
3
3

1000

S00F

O

O S00 1000 1300 2000 2500 3000

« coordinate () —» Cross shore distance, km

5 6 f 8 9 10

water depth (m) '1 5 "1 O (m) "5 O

DC4: Mixing and transport in the coastal area 7/12



v UNIVERSITA

(@489 POLITECNICA Numerical part: MATLAB Script for Particle tracking

DELLE MARCHE

] The code solves a system of equations for a 2D shallow water model using finite differences and
central differencing for spatial derivatives.

v' How time stepping is applied:

1. Discretization of Equations:
" The depth d is updated using the continuity equation.

" The velocities u and v are updated based on momentum equations in the x and y directions,
respectively.

2. Central Difference for Spatial Derivatives:
The code uses the central difference scheme to compute spatial derivatives:

3. Euler Time Stepping:
v The Euler method is used to advance the solution in time:

" The depth d and velocities u, v are updated at each time step by adding their time derivatives scaled
by the time step dt. Y

ot

Ju
U= u-+ At - —

ot

ad = d -+ At -

The new values of d, u, and v are then used in the next time step.

DC4: Mixing and transport in the coastal area 8/12
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1 Particle Tracking:
v’ Particles are tracked by interpolating the velocities (u p and v p) at the particle positions.

v The positions of the particles are updated based on the velocities using a forward Euler step.

Particle Trajectories in Shrs, u=0.6m/s
P1

Particle Trajectories in Shrs, u=0.6m/s

P2 :
130 P3 =
P4 P3
PS5 s
® Final position ® Final position
135 [___]Estuary Domain S Seo Dorein

[ ]Sea Domain

@ 000
145 | Estuary
200 | L | 1 ] 1
0 50 100 150 200 250 300
X (m)

150 160 170 180 190 200 210
X (m)
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e Numerical part: MATLAB Script

1 Particle Tracking by MATLAB Script:

Particle Trajectories in Shrs, u=1.1 m/s

Particle Trajectories in 5hrs, u=1.1 m/s

P1

P2

P3

P4 Rl Estuary

P5 200 n . - 1 - |
& Fiialpositon 0 50 100 x1?:‘ ) 200 250 300

[ ]Estuary domain
[ ]Sea Domain

150 160 170 180 190 200
X (m)

DC4: Mixing and transport in the coastal area 10/12
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POLITECNICA Numerical part: MATLAB Script

DELLE MARCHE

1 Particle Tracking by MATLAB Script:

Particle Trajectories in S5hrs, u=1.6m/s

P1 " Particle Trajectories in Shrs, u=1.6m/s
P2 P1
P3 T P2
- P3
P4 s P4
PS5
P5 60 ® Final position
g l—_l EStUafy Domain
® Final position 80 e
| 1 Estuary Domain E 100
S
[ 1Sea Domain 120
140
E - B
~—
> 180 Estuary
200 p 1 1 [} 1 | ]
0 50 100 150 200 250 300
X (m)

155

150 160 170 180 190
X (m)
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Particle trajectory, u=0.6 m/s

= Delft3D Results S
.5
Aol E
.4
AU0C
0.2 @&
: 2
= 1200 1 E
E -/ E
=
(I
-.4
L.k
Sl |
-1.15
|:| | | | | |
1 a il (uan 1500 AU0C Aol AU

¥ coordinate —

= MATLAB Script Results

Particle Trajectories in Shrs, u=0.6m/s

130
Particle Trajectories in S5hrs, u=0.6m/s
P1
P2
135 P3
P4
P5
® Final position
. I | Estuary Domain
[ |Sea Domain
E 140
Do
145
Estuary
1 w | | | 1 1 J
50 100 150 200 250 300
X (m)

150 160 170 180 190 200 210 .. :
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Numerical part: Delft-3D

1 Comparison of releasing particles from Estuarine part:

I:I | | | | |
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POLITECNICA Numerical part: Delft-3D
DELLE MARCHE

1 Simulation for all regions:

UEPLI dveErdyey veluLiLy

25-5ep-2024 00:00:00

3000 0.9
0.8
2500 w
07 =
=
S
A 2000 0.6 E
= =
=
;" F40.5 é:'
& 1500 k=
E L4044 =
3 2
= 1000 03 E
G
02 %
500 X
0.1
(] ] ] ) 9 ] ] J
0 500 1000 1500 2000 2500 3000
¥ coordinate (m) —
UCltJI.II G\'CIGBCU \'ClUbllj
25-Sep-2024 00:00:00 25-Sep-2024 00:00:00
000 @ 3000
1.4 0.8
fa-s et
2500 = 200 F 06 &
= -
2000 E {04 3
1 li & " 2000 | =
= = = - 0.2 =
= & @ z
& 1500 IR w1500 oS
= O = T
o — g
2 063 = Ueg
= 1000 g = 1000 T
@ 04 2
04 @ =
£ 'I:I Ei -IE'_
500 F @ 500 F o3
0.2 a8
D ] | I _ l 1 J |:| | | | | | |
U S00 1000 1500 2000 2500 S000 [ SO0 1000 1500 20000 2A00 0000
¥ coordinate (m) — % coordinate (m) —

DC4: Mixing and transport in the coastal area 4/12



UNIVERSITA

POLITECNICA
DELLE MARCHE NSWE Solver

Water Depth, Our work (by NSWEs)
JNSWE Solver: u=0.6 m/s
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SEDIMARE

Contents

AN

hrwallingford

Objective
» State of the Art

OpenFOAM

sedFoam with OpenFOAM v2012

» Methodology

» Experimental Data

» sedFoam equations

* Domain and Boundary Conditions
» Results

sedimentFoam with FOAM-extend-4.1
» Methodology
» sedimentFoam equations
« FVMto FAM
* Preliminary Results

Comparisons between solvers



SEDIMARE Ao
Objective & State of the Art

hrwallingford

» To investigate and develop methods for extracting/deriving information from the CFD model to improve the
accuracy and resolution of the large-scale simulations.

CFD DEM
CFD DEM models
under-resolved
models

scourFoam

Fidelity

_ sedFoam
sedimentFoam

Telemac

Computational Cost 3



SEDIMARE

OpenFOAM

An open-source CFD toolbox that provides
ready-to-use solvers, utilities, and libraries.

Offers a versatile collection of efficient,
object-oriented C++ modules.

Utilizes the Finite-Volume Method (FVM)
to solve systems of partial differential
equations on any 3D unstructured polyhedral
cell mesh.

Supports efficient parallelization.

AN

hrwallingford

Open Source Field Operation and Manipulation (OpenFOAM) C++ Library

Chrepocsing D soing ) CPoprocesing

Meshing User Standard ParaView Others

Utilities Tools Applications|Applications




SEDIMARE

sedFoam: Numerical Modelling

ANy

hrwallingford

Inputs Solver Outputs
Experimental Two-phase Eulerian Scour Depth
Data RANS OpenFOAM

»  Estimation of volume fraction of
*  Obtaining the transport properties of water and sand to predict the bed
sand and water phase used in Flumes *  Using sedFoam : formation.
experiment.

Creating 3D domain

*  Granular Rheology properties (mul) »  Comparison with experiments

»  Use the geometrical dimensions of

cofferdam models. » Interfacial properties (drag model)

* Using the input flow velocity * Transport properties

*  Modified Two-phase RAS equations
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Experimental Data

ANy

hrwallingford

» To develop a numerical model for the behaviours of scour using experiments performed on cofferdam models

» General Purpose Flume
« Dimensions (25m long, 2.4m wide and 0.9m deep)
* 0.5m deep bed with medium grained sand.
» Flow discharge, Flow velocity and Water levels are recorded.
» Duration of experiment: 50-75 hours

A B C D E F G
a 02
I TIN IR

e 01 ] o 2 £

£ - 3 S 2 @2

5 005 E o~
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5 ‘ f 40.2m» £ - £ 3 | e
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: gistance along fume (ma) h +—0.4m—> M +0.2my 40.2m+ m-n;-b 0.2m»

Figure 2: Test 1 result (flow from right to left); a. photograph of the post-test result (black Figure 3: Cofferdam shapes used in the model experiments. The wall is on the left hand
and red graduations at 10 mm spacing) and b. difference in bed elevation between start and side of Structures A to F. The length of the structure is the distance along the wall and the

end of test. width the distance the structure protrudes from the wall.

Richard J.S Whitehouse, 2021
6


https://www.researchgate.net/publication/356086366_Scour_at_cofferdam_structures_on_river_walls

SEDIMARE
Experimental Data

ANy

hrwallingford

* Inputs from Experiments A B C

» Grains (quartz sand): Flow . &
e d»,=0.326mm Direction
* dv=0.525mm
* dv=0.673mm

* Flow speeds : 0.177m/s, 0.244m/s (currents)

« Water depths : 0.2m,0.1m

4¢0.2m+

40.2m+

Tm
1m

* Geometries of cofferdams

 Dimensions of the Flume il +
|4—0.4m—> |4-D.2m+

Top View Cofferdam Model Flow Direction

o
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Closure Models for Stress Tensors

AN

 Turbulence Models

e SedFoam uses different turbulence closures for fluid flow, such as k-€, k-w, and a simple
mixing length model, to capture the effects of turbulent eddies on sediment transport.

e Granular Stress Models

 SedFoam implements granular stress models to simulate dense granular flows. The kinetic

theory of granular flows and the p(l)-rheology (derived from the Jop et al., 2006 model) are
commonly used.

* In dense flows, the granular stress is influenced by particle-particle collisions and inter-

particle friction, represented by the effective viscosity, which is a function of the shear rate
and pressure.

* Unlike the kinetic theory of granular flows (which works well for dilute conditions), the (1)

rheology is phenomenological and based on dimensional analysis, focusing on frictional
contacts.

11
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Domain and Boundary Conditions

hrwallingford

1m,2m,3m

0.2m

Total Cells = 596844 14
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ANy

Domain and Boundary Conditions

Patch - zeroGradient

Inlet

k=1 [m2/s2]
w =125 [1/s]
U =0.25 [m/s]
IJ,= calculated

Outlet

p =0 [kg/m/s2]
U = inletOutlet
k = inletOutlet

9= Wall Function walls o = inletOutlet
k = Wall Function
o = Wall Function
U =0 [m/s]
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SEDIMARE

Domain and Boundary Conditions

Inlet

Asqna = 0.635
Ayater = 0.365

patch

walls

Awater = 1

hrwallingford

Outlet
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SEDIMARE
Results

Bedform comparison at 3hr (scour depth: surface elevation)

Bedform Analysis for Abutment
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SEDIMARE
R e S u I tS hrwallingford

TKE profile at 3hr

ANy

Turbulent Kinetic Energy comparison

—— Telemac after 3 hours
—— CFD after 3 hours
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Results e

Bedform evolution (Surface Elevation)

Time: 0.000000
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SEDIMARE : o
Results g

Bedform evolution (Surface Elevation) after 3 hours

Flow Direction
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SEDIMARE

sedimentFoam: Numerical Modelling

ANy

hrwallingford

Inputs Solver Outputs
Reference from GFM-tetMotion RANS Scour Depth
Experimental FOAM-extend
Setu . .
P *  Creating 3D domain «  Estimation of surface elevation of
«  Obtaining the transport properties .+ Using sedimentFoam : sand to predict bed formation.

of sand and water phase used in _ _ . C . ith iment
Flumes experiment. « Sediment Transport properties omparison with experiments

*  Use the geometrical dimensions * VOF Method ‘

of the monopile. »  Finite Area Method
*  Velocity profile available at the ‘ «  Mesh motion

location of monopile

i =
B ‘f:l/\\, Sand Bed
Y ——=x
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SEDIMARE
FVM to FAM

ANy

hrwallingford

patch

Monopile Wall

Outlet
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Equations suspended sediment transport flux and solve motion using
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Preliminary Results

(80 seconds)




SEDIMARE

sedFoam vs sedimentFoam

(80 seconds)

BL comparisons

@ SedimentFoam
® sedFoam

® Experiments

0 0.05 0.1 0.15 0.2 0.25
Velocity m/s

At 600 seconds
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hrwallingford

Thank You
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Introduction

= Nearshore dynamics are dominated with nonlinear mechanisms due to multiple interactions.
- Wave propagation is one of the crucial driver of these interactions and nearshore sea state.

- Observation of sea state is essential for human activities and marine environment.

longshore currents

’// direction of wave propagation
/
shoreline ——==—=" —
- —
// - rip currents
/Swash zone _// /
/ Surfzone _—
$ breakin . —
N M rollee = & Shoaling region
T~ - R
T Ny o Darge scale / -
T‘-.‘_‘°'r__ _eddies-and—_ 7/
bed l5dad ' 'f.._{'im.'["{_"'(’:{af'(’ undertow o
ans AP
transport N s suspended e
transport
sand bar
ripples

[Viviano et al., 2010]



Introduction

- Nearshore measurement with in-situ tools is a tough task due to complex processes.
- They have many components and need regular maintenance and calibration.

- Remote sensing tools judicious alternatives since they have larger coverage area, and
they are easier to maintain.

Met-Ocean

Applications
of Remote
Sensing

S Ocean
@al IR, Surface
/ analysis, ocean’s \@1gg3i14
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r Opicy fields /.

Clonsss, ToGrs
|
fisheries, shipping / — / -
- { climatological ~— [

> S ‘ change and

o I 1 3

Radiometer o & 7k | planning shore |
S =3 protection
measures

'/ climate studies,
Occan Wave { mesoscale eddies, |
Height marine gravity |

ww  [Amani et al., 2022]
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Study Site

—> Senigallia, Italy
- Senigallia Harbour, Misa River Estuary
- Strong interactions between sea and river

[Brocchini et al., 2017]



Study Site

—> Senigallia, Italy
- SGS: 5 cameras, 2 Hz sampling, 10 min-long
- XBR: X-Band RADAR, 0.5 Hz sampling, 63 scans

ARYARYARVARVARY,
AN TS

2

A

Locations of XBR and SGS

Coverage area



Methodology

—> Processing data obtained from remote sensing tools (cBathy).
- cBathy algorithm flowchart

time-stacked images

Ortorectified and
[ J — | analyzeBathyCollect f=»| prepBathyInput

+
PrepImages
¥
csminvertKAlpha |—»| prepareTiles | | findKAlphaSeed
v
nlinfit
) '
’ ‘ { K N
bathyFromKAlpha Frequencies, wavenumbers
\ I J ———————  Phase] — . and direction )
= Phase II
< fixBathyTide e )
~————  Phase III Bathymetry and
tidal correction
1§ Phase I & 11

[ Elimination of noise } D [KalmanFilterBathy]

5 [Holman et al., 2013]



Methodology

—> Processing data obtained from remote sensing tools (cBathy).
- cBathy algorithm flowchart

time-stacked images

Ortorectified and
[ J_’ analyzeBathyCollect (= prepBathyInput

+
PrepImages : ey, :
csminvertKAlpha |—»| prepareTiles | | findKAlphaSeed L PSSEeess || e
¥ FFT* = FFT + |k2 + k2
nlinfit
. J
" ‘ N 4 . N\
bathyFromKAlpha Frequencies, wavenumbers
i | J e Phase] — and directton
\ J
= Phase II
< fixBathyTide r 2
~————  Phase III Bathymetry and
tidal correction
{ Phase I & II

[ Elimination of noise } D [KalmanFilterBathy]

5 [Holman et al., 2013]



Methodology

- Processing data obtained from remote sensing tools (cBathy).

- Assumed that the most coherent frequency is close to the peak
frequency, f,.

- Hence;
p k k p k

- C, is the peak celerity, w,, is the peak angular frequency, k is
the wavenumber, and 4, is the peak wavelength.



Methodology

- Processing data obtained from remote sensing tools (cBathy).

- Significant wave height, H,, is approximated with an emprical
approach based on water depth, d, and C,.

1
Cp dz, d < dg,
Hs = A*18 A=194 1 1
9 - 2 3 2
3 —
d3—d3 +d%, d=dgy
‘_d/dma.r _A/Am(w‘
1 \ T
0.8+ |
0.6 - |
0.4+ N
0‘2 | | | | | |
0 500 1000 1500 2000 2500 3000 3500

Cross-shore Distance [m]



Methodology

- Processing data obtained from remote sensing tools (cBathy).

Significant wave height, Hy, is approximated with an emprical

approach based on water depth, d, and C,.

1
2 dz,  d<d
Hs = . - A" = 1 1 "
g4 18 45— d3 4 d2 d>d
th th’ = Yth

d.,, depends on the bathymetric gradient
e.g., 0,2 in this case

0.8

0.6
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0.2

‘_d/dma.r _A/Am(w‘

500

|
1000
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1500 2000
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2500
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Methodology

- Reconstruction of wave propagation (preliminary).

- The wave field is visible to XBR when the waves are relatively energetic.
- Radar return echo is maximized at the wave fronts.

Antenna

XBR

Propagation Direction




Methodology

- Reconstruction of wave propagation (preliminary).

- Assumed that radar signals are correlated with wave slopes.

Antenna ~a

e p

oxn'
radar echo First derivative of
wave elevation

XBR

Propagation Direction




Methodology

- Reconstruction of wave propagation (preliminary).

- Processing of radar signals:

D

—0—0 Mean extraction

o* =6 + |min(8)] Shifting signal above the zero axis

P = max(o'*)lc Local maxima /\
6 x10*
I
I I
I i | f
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Methodology

- Reconstruction of wave propagation (preliminary).

- Crest, trough slopes are arranged to resemble a sawtooth wave formation.
- Assumed that trough slopes are half of the average adjacent crest slopes.

OS(i+1),c
o5, A
Sic

A

A

Osit

5 (051 c T 05 (i+1) c)
10 Tsie = 0 >



11

Methodology

- Reconstruction of wave propagation (preliminary).

Crest, trough slopes are arranged to resemble a sawtooth wave formation.
Assumed that trough slopes are half of the average adjacent crest slopes.
The x location is determined to ensure zero-mean signal.

OS(i+1),c
o A\
Sic
AN
Ac
A A = A.
2\
05t
Og + Og,.
O'Silt 05 ( i,c (i+1) c)



Methodology

- Reconstruction of wave propagation (preliminary).

- Crest, trough slopes are arranged to resemble a sawtooth wave formation.
- Assumed that trough slopes are half of the average adjacent crest slopes.
- The x location is determined to ensure zero-mean signal.

11
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Methodology

- Reconstruction of wave propagation (preliminary).

- Crest, trough slopes are arranged to resemble a sawtooth wave formation.
- Assumed that trough slopes are half of the average adjacent crest slopes.
- The x location is determined to ensure zero-mean signal.

- Signal is integrated in spatial domain.

x10°

0 200 400 600 800 1000
12 Cross-shore distance [m)]
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Methodology

- Model Chain (SWAN).

- Spatial domain is determined by considering the available buoy locations.
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Methodology

- Model Chain (SWAN).

- Spatial domain is determined by considering the available buoy locations.
- 3 open boundaries forced with wave characteristics obtained from RON.
- The grid is forced with winds from COPERNICUS database

3 .35 0

1-60

Latitude
Depth [m]

-80

43.81 _—
Senigallia
4361

13 13:5 14 14.5
Longitude

-100
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Methodology

- Model Chain (FUNWAVE).

- Spatial domain is constructed around the harbour.

K S l ) (/Q{w’;
3 ¢ .'/;\'

«




Methodology

- Model Chain (FUNWAVE).

- Spatial domain is constructed around the harbour.
- WAVEMAKER input is obtained from SWAN results

Properties of WM_IRR WAVEMAKER

Parameter depth [m] fP [HZ] HmO [m] HP [deg] YTMma fmin - fmax
Value 8.17 0.1337 1.27 -12.57 1.5 0.04-1.0
dx=dy=1m

Grid Size= 1599x1957

15
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XBR

Preliminary Results

oy
MRS
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—> XBR sea state estimation performance. 1000
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Preliminary Results

—> XBR sea state estimation performance.

Lp, Tp and Cp are captured well
Op estimation is better with new approach
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Preliminary Results

—> XBR sea state estimation performance.
Lp, Tp and Cp are captured well
Op estimation is better with new approach
H; needs more investigation
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Preliminary Results

- XBR wave propagation.
- Proposed approach is compared to FUNWAVE results
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Preliminary Results

- XBR wave propagation.

- Scaler determined by f — k spectra

f — k Spectrum - XBR
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Preliminary Results

- XBR wave propagation.
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Preliminary Results

- XBR wave propagation.
tXBR: 0.00s
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Ongoing Work

- Processing of SGS.




Ongoing Work

<104

- Processing of SGS.
- Combining SGS, XBR and
model chain
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1. Introduction

In nature, especially in coastal and fluvial systems, most of sediments are mixes
of sand and fines (clay and silt).

105°0'0"E 106°15'0"E

12°30'0"p

Recently, there have been more studies focusing on the transport of
sand-mud mixtures. However, most of these studies treated clay and silt
collectively as mud (Mitchener and Torfs, 1996; Van Ledden, 2003; Jacobs,
2011; Winterwerp et al., 2012; Colina Alonso et al., 2023).

11°15'0"N

10°0'0"N

N
0 15 30 BOKmA
= =n  e— (s

°45'0"E

105“:)'0"E
Silty sediments in Mekong Delta, Vietnam Mudflat, Wadden Sea, Netherlands. Satellite images of the Mekong
[Photo by MangLub project] Delta taken by Envisat
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1. Introduction O
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2. Research progress

The second preparatory experiment in the small-scale oscillatory tunnel, also known as the Aberdeen Mini Tunnel (AMT). For our
experiment, we will use solid glass beads as the material. These beads are round and well-sorted.

PISTON

P N

Observations, results, and experiences obtained
from the preparatory experiments will inform
the conditions, bed configurations and
procedures of the main AOFT experiments.

Sediment fractions Silt content | Velocity
(%) conditions
(m/s)
Sand (Dg, = 150 um ) Sa 0 0.2
0.3
Sand (Dg, = 150 um ) SaCs20 20 0.2
and Coarse silt (D5, =
50 um ) 0.3
SEDIMENT BED
SaCs40 40 0.2
0.3 WINDOWS
Sand (Dy, ~ 150 um ) SaMs20 20 0.2 i ENDRAMPS __15em 7 ;
and Medum it (05, ~ 03 N . =
25 um ) i 15 cm 25 cm i
SaMs40 40 0.2 I e

0.3 The Aberdeen Mini Tunnel (AMT) at the University of Aberdeen.




2. Research progress

Pure-sand

Flow condition: T=3s,U__.=0.2 m/s

max

* Bedform development over approximately 450 flow cycles (~¥23 mins)
for different beds was observed.
* For the mixed bed containing 40% silt: Higher suspended sediment

concentration (SSC) and ripples developed more slowly compared to
others.

23

W 23 4 56 7 8 9rt)
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Mixtures of
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2. Research progress

Pure-sand

3 456 7 8 9K

Flow condition: T=3s, U, ,,= 0.3 m/s

* Bedform development over approximately 450 flow cycles (~23 minutes)
was observed for different beds.

* Under higher-velocity conditions, a high suspended concentration was
easily seen during the initial cycles.

* Ripples were forming faster compared to the 0.2 m/s condition.

4 56 7 8 9EMY 2

medium silt

Mixtures of E . ;w:l:-:I;l:-:I:n:n:-:-;-:-:-'-'-'-"’i"-”m‘
d d = E NN EEEEEEEN ]
sand an .
coarse silt %
Mixtures of i :l:l:l:I:I:l:l:I:I:I:I:I:;:;:I:‘l:l:l:l:l: i
sa nd and e T %
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2. Research progress

Pure-sand (after 750 cycles)
Flow condition: T=35s, U, =0.2 m/s

* Bedform of different beds at the end of each experiment.

* 3D ripples were observed in mixed beds.

* Ripples of 40%-silt-content mixtures had smaller scales
compared to 20% mixtures and pure-sand bed.

SaCs20 (after 850 cycles)

Mixtures of
sand and
coarse silt
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2. Research progress

Flow condition: T=35s, U, ,,=0.3 m/s

Bedform of different beds at the end of each experiment.
Compared to 0.2-m/s condition, 3D ripples developed faster

with higher velocity. Suspended sediment concentrations were _ | _ v , , ,
. . . i1 203 46 6 78 SEi i3 3 8 3 6 7 8 9 23 45 § 7 8 9w 33456 7 8 ol E 3 A b6y gt 23 hbe o
also higher (visual observations).

SaCs40 (after 550 cycles)

= saCs20 (after 550 cycles)

Mixtures of
sand and
coarse silt
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| saMs20 (after 650 cycles)
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SaMs20 (after 650 cycles)

Mixtures of
sand and
medium silt
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3. Upcoming plans

MWL v
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4. Conclusion

{We have a nice preparatory experiment. J

We are updating the experiment plan and preparing to have the main experiment conducted
in Feb 2025.
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https://www.freepik.com/free-photos-vectors/sunset-reflections-on-sand/4

3. Upcoming plans

e N e

* Writing and updating the experiment !I \i

plan. i * Analyze data collected ]
* Conducted the second preparatory i from the main experiment. ;

experiment R Y ’

N / :
May 2024 [ February 2025
® ® . ®
September May/June
/ \ ------------------- D s i \
 Did the first preparatory

experiment.

'I
i * Conduct the main
i experiment

i ——————————

« Passed the qualified exam.
« Completed the literature review.

\_ )

~

---------------------------------------




Ideas for SEDIMARE presentation:

Give introduction about sand-silt mixtures, effect of RD => filling-
pores effect and hiding-exposure effect (coarser silt can enhance
mobility of sand, and oppositely, fine enough silt can decrease
mobility of the bed). Mention finding of Lange 2024 using the
transport stage. Mention the difference between study of Lange
and Staudt and Barzke
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Introduction

—
%’z///’

Bank erosion refers to the process of removing material from a bank which is the
land alongside a body of water in geography.

- Coastal and riverine environmen

- Two main modes

- Processes loop

Initial bank position

Toe erosion

Initial bank position

Fallen material due
_fo instability

a) Initial bank position

b) Hydraulic erosion at the toe zone

¢) Mechanical failure

Hydraulic action

Hydraulic erosion

Mechanical failure

Sediment transport

Morphological change




Similarities

- Environment conditions
- Hydraulic forces (in coastal setting)
- Processes

Differences
- Initiations

- Hydraulic forces (in riverine setting)
- Processes period

(b)

(at)

(b1)

(a2)

(b2)

(a3)

(b3)

Zhang et al., 2016




Dam Breaching Experiment Design

The da m breaChing Measurement Scale
Resources oy o
eXpeI’Iment deS|gn et seels

Performance parameters:

Repeatability

(Ove rview) Flow measurement Discharge scale a Multiple times experiment results
Flow condidtions R comparison
Infiltration . Velocity scale Scalability
Dike shape measuremen
Breach Time scale e Comparision of normalized experiment results of

different scales

4 morphodynamic

Sediment scale Feasibility
Timing

o Can be realized in limited experiment condition

Functional Flow

Experiment preparation Physical architectures:

Resources collection

Measurement
technology

Stakeholders
requirement

Scale design

Reservair filling o

Experiment
preparision
Conducting
experiment
Data analysis

An experiment
design guideline
for future
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Dam Breaching Experiment Design

Experiment preparation

FunCt|Ona| FIOW | Resources collection |
v
Measurement
technology
Stakeholders
requirement | Scale design |

Measurement

Resources

Determining soil

Conducting experiment

; ; characteristics
. r Sediment properties
Experiment I
preparision : - Flow measurement
| Flow condidtions
: Infiltration
Conducting measurement
Dike shape
experiment | Measurements placement | p

v Breach
l | Experimentoperation | morphodynamic

Data analysis | Data collection |

Timing

Data analyssis

An experiment
design guideline
for future
applications

Normalize data Legend

Comparison of different
scales
+ Morphology Time

Validate the scalability




Dam Breaching Experiment Design

Measurement Scale
Determining soil
characteristics Length scale
Flow measurem Discharge scale
Infiltration
measurement

Breach
morphodynamic

Resources

Sediment properties

F u nctio n a I Fl OW Flow condidtions

Dike shape

Velocity scale

Time scale

»
»

Sediment scale

. A
requirement
A
Experiment preparation
| Resources collection |
E . t Measurement
Xperimen technology
preparision
| Scale design |
Conducting Conducting experiment
: r
experiment : Water supply system
I
l : Dike construction
I
Data analysis | Measurements placement |«
[ Experiment operation

[ Data collection |«

An experiment
design guideline
for future
applications

Legend

Data analyssis )
Sediment Flow
Normalize data

A

Comparison of different
scales

Validate the scalability




Dam Breaching Experiment Design

Experiment preparation

FunCt|Ona| FlOW | Resourceicollection

Measurement
technology

Stakeholders | Scaletlesign e Performance pa rameterS'

requirement

Conducting experiment

Repeatability

|
EXperlm?nt : e Multiple times experiment results
preparision : comparison
| -
l Scalability
Conducting | Measurements placemen
experiment Comparision of normalized experiment results of

l |

Data analysis |

Data analyssis

An experiment
design guideline

Normalize data

Legend

different scales
Feasibility
e Can berealized in limited experiment condition

for future v
applications Comparison of different Flow
scales

T

Validate the scalability
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Dam Breaching Experiment Design

Physical architectures:

Humidification Sediment

Dike compaction

Dike shaping

Initial pilot channel a

Painting grids on dike

surface

Data

Breaching
morphodynamic

Flow condition

&)

Triangular weir
Sediment sample

Moisture sensor

Depth sensors

Photogrammetry e

Legend

Sediment

Morphology

Flow




PREVIOUS DAM BREACHING EXPERIMENTS IN UCL

Experiment Scales
Delpierre, 2014

Ebrahimi, 2024

Small scale Medium scale
10



PREVIOUS DAM BREACHING EXPERIMENTS IN UCL

Water supply system

Constant inflow Constant water level !
Qi o
{ Or constant inflow 7

11




Measurement techniques

Laser sheet projections '
=,

>5 (a)

(b)

Laser-sheet and camera measurements
12

e N— )

-1 p‘\ N

e

Photogrammetry
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Background and motivation

Sediment-laden flow is characterized by unsteady, highly dense sediment concentrations and vertical stratification.

High-density sediment-laden flows is common in natural systems like rivers, deltas and coastal environments, and it can be
initiated by natural or anthropogenic factors in the marine environment, such as:

Tsunamis, Earthquakes, Storms waves, Submarine Landslides, Dredging.

Flow direction

P b

Suspended-load
Mix slowly with ambient water

Bed-load
l'he fluid head moves rapidly

Turbulent




Background and Motivation

Studying the stratification and near-bed dense layers in
high-density sediment-laden flows is crucial for several
engineering applications, particularly in coastal and
offshore infrastructure:

1. Wave-induced scour hole development around
infrastructure such as wind turbines;

2. Storm-induced sheet flows on beaches causing
dune instabilities and coastline retreat;

Incoming flow -

Flow pattern involving scour around monopile. Gao, F., & Qi, W. (2022).




Background and Motivation

Studying the stratification and near-bed dense layers in
high-density sediment-laden flows is crucial for several
engineering applications, particularly in coastal and
offshore infrastructure:

3. Turbidity currents, debris flows or submarine
landslides posing a significant threat to pipelines or
large submarine power cables

CH-US SegW2 Break 2

CH-US SegS1 Break 14

Broken cables due to the turbidity currents and submarine landslides in
Kaoping Canyon subsquently two earthquakes. Hsu et al. (2008).




Background and
Motivation

Studying these flows
involves a combination of
field observations,
laboratory experiments,
and numerical
simulations

Example issues

Float to
surface

Abrasion,
damage,
loss of

Tumbling, instruments

abrasion,
general
damage

Excessive

g rotation,
‘2 unstable
l‘ pitch/roll
<
Pull down '

~— Drag/ ; :
downstream Burial of

@4 trazsp.} 7 acoustic r“—'_

47/ release
# Mooring

. line
‘severed

IAL

LEGEND
1) Fast dense near-bed layer
Anchor sinks 2) Dilute upper part of flow
during seafloor 3) Erosion of seafloor
liquefaction 4) Deposition




Background and
Motivation

Studying these flows
involves a combination of
field observations,
laboratory experiments,
and
numerical simulations




Background and Motivation

Bagnold

Sumer

Close

Duct Flume

Pressure sensors
CCM
Prandtl tube

Coefficient Friction
Bedload

power law velocity in
the sheet flow



Background and Motivation

Bagnold Capart
Sumer Spinewine
Close Recirculating tilting Flume

6mx0.25mx0.70 m)

Duct Flume Vertical gate at the middle section

Pressure sensors
CCM
Prandtl tube

High Speed CCD Camera

!
|
|
|
|
!
|
|
|
|
|
!
|
|
|
|
Laser light sheet :
|
|
|
|
|
!
|
|
|
|
|
!
|
|
|
|
!

* Comprehensive
characterization of flow

Coefficient Friction regimes

Bedload

power law velocity in
the sheet flow

» Detailed profiles of velocity
and granular concentration at
different depths

« Enhanced shallow water
equations with vertical details



Background and Motivation

Bagnold Capart
Sumer Spinewine

Recirculating tilting Flume

Close (6 m x 0.25 m x 0.70 m)

Duct Flume Vertical gate at the middle section

Pressure sensors
CCM
Prandtl tube

High Speed CCD Camera

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Laser light sheet :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

* Comprehensive
characterization of flow
regimes

Coefficient Friction
Bedload

power law velocity in
the sheet flow

» Detailed profiles of velocity
and granular concentration at
different depths

« Enhanced shallow water
equations with vertical details

Armanini

Francarollo

Recirculating tilting Flume
Conveyor belt recirculating
sediment

High Speed Camera

Stratified flow with sub-layers

Transitions between sub-layer-
based Stokes number

Richardson number constant in
collisional.



Background and Motivation

Bagnold Capart Matousek

Armanini

Sumer Spinewine Francarollo

Recirculating Tilting Flume

. . - 8 mx0.2mx0.27m)
Recirculating tilting Flume

Close Recirculating tilting Flume
(6mx025mx0.70 m) Conveyor belt recirculating
Duct Flume Vertical gate at the middle section sediment High Speed camera
Dams Laser
Pressure sensors High Speed CCD Camera UVP (4 MHz);
CCM High Speed CCD Camera Prandl tube

Prandtl tube Ultrasonic water level

: « Stratified flow with sub-layers
* Comprehensive

characterization of flow
regimes

" * New linear ion
« Transitions between sub-layer- € ear equatio

based Stokes number * Measured local velocity and

Coefficient Friction granular temperature in bedload.

Bedload

power law velocity in
the sheet flow

 Richardson number constant in
collisional.

» Detailed profiles of velocity
and granular concentration at
different depths

* layered structure in sediment with
three sublayers based on the

dominant transport method
 Enhanced shallow water P

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Laser light sheet :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
equations with vertical details |

» Transport model with position of
the interfaces of sublayers.

4 fucro



Background and Motivation

Matousek

Y Yy

Recirculating Tilting Flume

8 mx0.2mx0.27m)
Watel' 'ayer u High Speed camera
[€ Laser
Yoo y--!ﬁﬁ‘.-..ﬂs'L,,F( 4 UVP (4 MHz);
P = Vs Prandl tube
. . ns l‘t ayer Ultrasonic water level

- -

* New linear equation

« Measured local velocity and
granular temperature in bedload.

* layered structure in sediment with
three sublayers based on the
dominant transport method

solid bottom

» Transport model with position of
the interfaces of sublayers.

5 -l"umzn



Objectives

Propose a multi-layer shallow-water modelling framework, and propose practical parametrizations of inter-
layer exchange processes that may capture the behaviour of dense near-bed layers;

Calibrate these relations with well-controlled small-scale laboratory experiments

Confront the results with documented case studies or direct field-scale observations



Three-tier approach

1. Flume experiments setup
——> 2. Appropriate instrument
installation

1. Experimental results Laboratory
comparison :

2. Validity of S Experiment
experimental setup Fie|d case and and
assessment . .

3. Statistical applications

Data
Acquisition

interpretation

1. Implementation of
acquired inputs

2. Process and modelling

3. Advanced interpretive

Numerical
modelling




Three-tier
approach

Setup 1: “"Submerged Granular Column
Collapse” experiments at UCL

= Experimental setup readily available

= Detailed measurements of sediment
velocities in transport layer

Setup 2: "“modular tilting / adverse slope
flume “ at Fugro or UCLouvain

Configuration 1: rapid tilting of flume with a
sediment layer initially at rest:

Configuration 2: steady liquid-granular flow
on adverse slope (water goes up, sediment
goes down)

Field case
and
applications

Numerical
modelling




Thorpe Flume

Channel

* Length - 1830 mm
*  Width =100 mm

* Height-30 mm

» Glass walls

Flume

* Tilting using Eletric Jack
« Tilting angle —4.13in 045 s

4

Duponcheel et al. 2017




Modifications Thorpe flume

New Channel
Length - 3000 mm
Width — 100 mm
Height — 300 mm

Transparent Plexiglas sidewalls

Tilting
Tilting using Electric Jack
+20°

Sediments Type

Natural sediment (fine sediment — silt/
clay)
Plastic grains (3 —4 mm)

Inlet
Water pump

Tilted channel

Electric Jack

\

Mixture
Sediment + Water

pump

-l"uman




Measuring Procedures

Ultrasonic velocity
profiler or prandtl tube

Two high speed camera | o
measured velocity o st Db N
(0 S [ oy —
. . 4 e : ‘I{V y - - \>\ - ¥ ) .
Laser Bee R "S\ it la B ~~=_(¢ Thin layer with clear water

11




Sediment Transport and Morphodynamics in Marine and Coastal Waters with
Engineering Solutions

Characterization of stratification
and near-bed dense layers in
high-density sediment-laden

flow
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Motivations

MENTUCCIALldo

impresa di costruzioni

» Advantages that characterize Wave energy:

O The high energy density.

O The easy prediction of the wave characteristics.
U The reduced energy loss

« Drawbacks:

U The high variability of the wave characteristic.

U WECs are exposed to large environmental forces.

U High production costs compared.

Low-head

Reservoir turblne

Ramp &
Incident
waves

¥ Outflow

Scheme of the OTD integrated into a vertical caisson
breakwater



MENTUCCIALldo

impresa di costruzioni
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Figure 9. Yearly average output power versus the variation of ds (N =50, Ry =2.5m and ks =2 m).
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D/2= 13475 m ARTIFICIAL ROCKS - INSIDE, W=587 tn)
1stUNDERLAYER ©= 125 m, W= 0587 tn)

2nd UNDERLAYER (D= 0,46 m, W= 0,029 tn)

CORE (W= 0,0015 tn)
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]()‘ 1 T T T
™
3
o
\\\ o x
2L o\ o 4
_10 20 X
= ¢ >
~ NS o X
| < A X
[ M «‘!3
X N o x
N .,
il : NOow o
SF g o d. =1 A % X
10°™E] % 0.6 N 4 e« x ¥
* 0.4 N X
< d.=02 M ‘* o
—— vdM&B method with v=1 ) < S
vdM&B method with 7,=0.9 W 2N
&B method with 7,=0.8 \ bt
— — = vdM&B method with 7;=0.7 ¥
4 1 " L b
10 0 0.5 1 15 2
CREST - R h -
r
ARMOUR LAYER . o .
Fig. 8. Comparison of the average wave overtopping rates measured for all
1st UNDERLAYER configurations tested in the present tests and those estimated by the prediction
method of van der Meer and Bruce (2013) adopting four different values of y;.
2nd UNDERLAYER The experimental data were corrected using the coefficient y, .

MSL

PR PTG

CORE

BOTTOM LAYER



Model data

Copernicus Tm

Copernicus Hs (m)

MEAN PERIOD o SIGNIFICANT WAVE HEIGHT AVERAGE WAVE DIRECTION,© (degree)
R 0.5772 R®: 0.8127 é . 360
RMSE: 0.6498 451 RMSE: 0.2410 > °
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Comparison of wave parameters from buoy and Copernicus.
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Wave selection @y MENTUCCIAG.

U min, max and average wave Heights based on 10-year average.

O Extreme Wave Conditions (EWC), with a 100-year return period, and Average Wave Conditions (AWC).

: ; ; Copemicus and Buay Copermicus and Bugy Copermicus and Buay
0 Joint density functions. , on22.5 degree (NN direction (+-15) (Density Se3) , 901125 degre (ESE) dection (+15) (Density Se3) , 90 337.5 degree (NW) diecion (+-15) (Density Se3)

Bivariate density contour lines of Tm and Hs
corresponding to p = 5 - 10-3
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R on 22.5 degree (NNE) direction (+-15) (Density Se-2) , on 112.5 degree (ESE) direction (+-15) [Density 5e-2) , on 337.5 degree (NNW) direction (+-15) (Density 5e-2)

Bivariate density contour lines of Tm and Hs
corresponding to p = 5 - 10-2
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C@a menTuCeIAo

[ | ese [~ § | | | NNE_| ESE_| NNW |

Hs (m) 1.09 0.63 Bl
0.90 0.59

Tm (s) 4.35 3.49 (m)

o (Respect to R
. , 5.13 4.12

the North) [°] 22:3 3373 (s)
ap0 (Respect to iyl 56.00 35.00

orthogonal line
to boundary of 81.50 36.50
the numerical

1.67

domain) [°]
Hs (m) 3.28 1.97
Tm (s) 6.62 5.52

a (Respect to
the North) [°] 22.5 337.5

Density 0.05

: : - Density 0.05 ap0 (Respect to
Incllnifloiidue to the orthogonal line
ounaary.
Y to boundary of 81.50 36.50

the numerical
domain) [°]

L Phase-averaged (ROMS—SWAN) Hs (m) 3.54 3.2
O 2Analytical model (Goda 201 o (5) S oL
nalytilca modade Ooda
( o (Respect to 95 337.5
the North) [7]
Density 0.005 ap0 (Respect to
orthogonal line
erEgtPQyQﬁa{Xeoguoyglmggion. 36.50

the numerical
domain) [°]

Transformation and Deformation of Sea
Waves.
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FUNWAVE-TVD <y MENTUCCIA

n Mean across Gauges

. . D . . 0.00 - —o— 7 ? hd
Monochromatic wave with similar characteristics of transforn .
—0.01 § o 2
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Configuration 3 was selected for next simulations.



FUNWAVE-TVD

Simulation time : 500 waves for each scenarios.

Time = 0 sec
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FUNWAVE-TVD ST
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 Free surfaces are modeled with the Volume of Fluid (VOF) technique.

e Utilizing Navier-Stokes-based numerical simulation.

—— Gauge 4
2.0 A |

e Structured mesh can only be used.
e NNE waves with (.05 density was used as Wave maker. 12

e Numerical domain was 227 m length, 4.4 m width and 7 m height.

1.0 1

e Water depth was set to 3 m. Simulation Time were 200 seconds.
0.5 1
e AutoCAD was used to create STL files as structures.

0.0 1

Water Surface (m)

=1.0

0 500 1000 1500 2000 2500 3000 3500 4000
Time (s)

Time series of water surface for NNE
waves with (.05 Density at G4.

Boundary Conditions for numerical domain in Flow-3D

11



FLOW-3D ““@8 MENTUCCIALdo

Results

The influence of different cell sizes

— 1lm

—— 0.75m
— 05m
— 0.25m
— 0.2m
— 0.15m

14

12 4

13 Performance of OBREC "E
= Samping Volume 1: Volume Cf Fluid #1 (m) - 10 4
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S
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o
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S
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Time (s)
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T
Results g
I
) ) ) ) ) ) ) i 400
All simulations have cell sizes in X and 7 direction with 0.2 m i o
1 5.00 T30
and different cell number in Y direction. :
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I
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| Conclusion and Discussion

L Copernicus data for the given period is not constant with
buoy data.

O PDF diagrams was used to wave selection.
QO Analytical model (Goda 2010) was used to transfer waves.

O FUNWAVE-TVD could represent set-down which is a non liner
behavior of waves.

U FLOW-3D hydro was used to determine suitable grid size for
evaluating various ramp shapes.

U More simulation on ramp shapes, including validation.
U Designing reservoir and convey system.

U Running simulations for other scenarios.



FUNWAVE-TVD @) MENTUCCIAS

(Wave-resolving model) has been used as a shallow water solver.

It is based on Boussinesqg-type equations in which Reynolds equations are integrated over the water depth, so
the vertical structure is not directly resolved but only modelled. (2DH models)

Bathymetry of the Port of Ancona for FUNWAVE: Combination of port bathymetry from port Authorities (CAD) and
EMODnet data.

Volume conservation:
Ne+V-M=0 -

M is the horizontal volume flux. e

The depth-averaged horizontal momentum:
ua‘t+(ua-V)ua+gVn+V1+V2+V3+R=0

12000

R: diffusive and dissipative terms (e.g. bottom friction, sub-grid lateral turbulent mixing)

Viand V,are terms representing the dispersive Boussinesq terms (function of z,).

Vs contribution of the order O(u?) (function of z,). y:% oo

z, =C(h+pBn that {and f are constants.

u, denotes the velocity at a reference elevation z = z,.

2000

15
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Condition Condition

dy : ésimulatié Total
(r:) :simulatio : 2 dx(m) : dy(m) Eon times number of :
ntime (s): : : : I Grids

(s)

:smoothda:
‘ta2/sgola:
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:smooth :
‘data/sg:
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: : : : L
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: : : : :around :
1 480s) :

7 imonoch: no : 1

stable 7
: : romatic ;

1 i2:2} 1000 ;806314

lay
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: FEPE :smooth : :

: : Lol data2/sg ; 12- : : : :
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: : : : ‘olay/mo: : it : : : :

: : :around : " ymean | :romatic:

150s)

‘smoothda:
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N an N

N 12- N
7 :monoch:
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: : Lo (it
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1 1229) ¢

‘smoothda:
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‘smoothda:
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: vmean :
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smooth
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12-

: : 12-
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:smooth :
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Esmoothdaé 12-
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:smooth :
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:smooth :
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Near the breakwater (GS), simulation 5

(VISCOSITY BREAKING ) — Gauge 5 - Simulation 1
' — Gauge S - Simulation 2
provides much more energy. — Gauge $ - Simwlation 3
w— Gauge S - Simulation 5
084 — Gauge S - Simulation 6
— Gauge 5 - Simulation 14
2.00 1 w— Gauge 4 - Simulation 1 Gauge 5 - Simulation 15
Gauge 4 - Simulation 2 e GaUgGe 5 - Simulation 16
— Gauge 4 - Simulation 3 Simulation 17
175 4 — Gauge 4 - Simulation 5 go,e.
w— Gauge 4 . Simulation 6 P
— Gauge 4 - Simulation 14 E
! Gauge 4 - Simulation 15 &
1.50
w—— Gauge 4 - Simulation 16 §
- Simulation 17 §0.4
fé 1254 a
£
4
2 1.00 4 0.2+
®
i 0.75 4
)
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0.50 4 0.00 0.05 0.10 0.15 020 0.25 0.30
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0.25 4
0.00
0.00 005 0.10 015 0.20 0.2 0.30
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The influence of different cell sizes in Y dirction

17.5 1 — 0.2 m uniformly
—— 15 cells in Y direction
—— 10 cells in Y direction
—— 5 cells in Y direction
15.0 1 — 1 cell in Y direction
12.5
E “
z
]
E 10.0 -
a P
a
5]
€
2
& 1.5+ (
=]
g f_z,:;————
=
S 504
2.5 1
0.0 4
0 25 50 75 100 125 150 175 200

Time (S)
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Surface waves induce oscillatory flow at seabed
Generation of bed forms (ripples, dunes, bars)

Significant impact on wave propagation and sediment transport by increasing bed roughness and promoting sediment
suspension due to vortex shedding

The dynamics of turbulent oscillatory flow and sediment
transport over sandy beds is critical for understanding
various environmental and engineering processes, such as
coastal erosion, sedimentation patterns, and habitat
formation.

L

ripple wave length

hr ripple height

Obj ectives https://www.vhv.rs/viewpic/hbJbwRw_transparent-water-ripples-
png-ripple-of-water-diagram/

Development of large-eddy simulation
(=EST) software®to model turbulent
oscillatory flow and mixed-grain sediment
transport induced by waves.
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Flow Equations (non-dimensional)

: , , ou,
Continuity equaaon:E&*=0
. oT; u.
Navier-Stokes equations§&+—g(qw)=—ap— iy, L au'+¢i Re — Uoao
ot oX, O%  0X; Re ox;0x; v

e el vedavelocity field according to LES

Dynamic pressure p=P +P where P, is
the externally imposed pressure field. l

U, (t)=U, (cos(at)+Bcos(2at))

T = —2 DwaungsSij =—2 Dwall (CsA)2 ‘S‘ Sij A= (AxlAXZAXg )1/3 ‘S‘ = (ZSij Sij )1/2

G = 1 aui + au]
L 2 ax] axi

Subgrid-scale (SGS) stresses




Log-Normal Sediment Size Distribution (CDF)
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Sediment Transport Equations

Bed load transport rate (Engelund and Fredsge, 1976):

.
m U / /
qb(na) = sgn(@)— 1+ <6 0 ) < H(nd) — 0.7 QC(nd) ) (Q(nd) > QC(nd))
\/(S B 1)ng3 | (nd)l C(nd)
(¢ ,(Ona) < O¢(nay)
. Tph
Shields number 3 6 =

pw(S=1)gDgtn
Critical Shields number: 9( @dyS)
Grain diameters: D9 )
Sediment specific gravity: S

Dynamic friction coefficient:  uy= 0.54,



Advection-diffusion equation for the suspended sediment
concentration:

aC(nd) + aC(nd) aC(nd) 1 aZC(nd) B 6)(] + f
ot 7 0x; Ws(na) 0x3  oRe dx;0x; 0dx; '€

where W .n 1S the sediment fall velocity (Hallermeier 1981) for each

WenarDg D:(na)/18 D nay < 39 (S —1g
d d _
= )v "D =4 Dinay/6  for 39 <Dl <10* .where. D.tnay=Dgnay (v—)
1. OSD*(nd) 104 < D*(nd) =3 106
Xj = Usgs 9Cma)

0, ax]

o i1s the Schmidt number, y 1s the SGS turbulent term (Zedler and
Street 2001):

and o, 1s the turbulent Schmidt number.

Suspended load transport rate: (s12(md) = I:B

U4 > C dx
sped L2 (nd)“+*3



Simulation Set-up

Van Der Werf et al. (2007) , experiment

\\
f ::::; - i
i e X

Mr5063

Re = 33000
Lr = 0.94
hi - =1 N

r

Ax = 0.01055 m

Ay = 0.01406 m

Az = 0.0025 ->

|~ 0 . O 2 RN

Grid = 257x129x400
=513 261520 (NS5

__Dom | v | a/D

0.00025 104.4 2100
0.00035 74.5 1500
0.00044 59.3 1193
0.00053 49.2 990
0 x 0.00066 39.5 795




Bed Load, Spanwise & Phase (max positive/negative) averaged
for every diameter fraction
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Concentration profile for each diameter fraction and the

z/hr

— — — Sum of Fractions

— 0.25mm
— 0.35mm
1~ 1 — 0.44mm
0.53mm
B | 0.66mm
B |
- |
0.8 |
N I
i b
i I
|
06 o Ol
B ﬁ
B |
- h
0.4 |
B |
i |
- O|
H
0.2 ﬁ
B |
B |
B i
0 | | | | | II | | | II | )ﬂ_) | | ] | II
10 10" 10° 10

c (9/)

14



Suspended Load, Spanwise & Phase (max positive/negative)

averaggd for every driameter fractIon
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Conclusions

Bed Load : Diameter Size
increasing -> Bed Load
Increases

Suspended Load : Diameter
Size Decreases —-> Suspended
Load Increases

Concentration : Diameter
Size Decreases ->
Concentration Increases
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e

The swash zone

Inner surf zone Swash zone

« A dynamic region separating land o

Y_._

Bore

from the inner surf zone generation

Shoreline

 Wave run-up/run-down impacts the

nearshore morphology and sediment

transport.

oo ocoomoooohlboooooooo

« Unsteady flow, high turbulence, rapid

boundary layer growth and decay,
_ Figure 1. Schematic of general swash geometry.
large sediment transport rates, and

rapid bed level changes

» Important to coastal management and conservation strategies.




Inner surf zone ‘ Swash zone

1
Shoreline !

Motivation g =t e M

U 6) /6[ u(x, z, t)i_ _h.( * Y-8z, Z(x. 1) i

0

Difficulty in adequately represent the wave boundary layer in the swash zones.

Difficulty in directly measure the bed shear stress within the bottom boundary layer (BBL)

An existing BBL sub-model for a fixed bed in the swash zone

» Further developed on mobile bed beaches, to improve our capacity to accurately described

the bed shear stress within the BBL

Ry



Inner surf zone ‘ Swash zone

1
Shoreline !

Objectives B e =
U(x, t) /5[ ”(x*z:f),i_ _h‘(:_r,‘ Y. k7 zp(x, t) i

» To develop an improved boundary layer description (sub-model) for a mobile bed that is

suitable for incorporation into a Nonlinear Shallow Water Wave Equation (NLSWE)

morphodynamic solver.

» To validate the resulting morphodynamic solver against laboratory and existing field data.

H‘L



Research methodology



Numerical model

*» Depth-averaged, phase-resolving, fully-coupled model

Hydrodynamics

Morphodynamics

Sediment transport

Bottom boundary
layer model

AN

©®1D nonlinear shallow water equations (NLSWES)

» Coupled with Exner equation

e Coupled with Meyer-Peter and Muller equation

« Momentum integral method

10



Model validation

O Single dam-break-driven swash event on the fixed bed (Kikkert et al., 2012)

PIV2 PIV3 PIV4 PIVS PIVE

Gate I I I I I
ISED3 | SED41 SED5! SEDS6I
A — I I || | |
hTS'U
hini VA
SWL v
A 4 = 3
. >
I I 0.:Xg X 1
1 1 1
e >ig > "
' 1.00m ! 4.20m ' !
I Numerical domain 1
i >

12.00 m

Figure 2. Schematic of the numerical setup based on the Aberdeen Swash facility.



Research results

Model validation: Single swash on impermeable fixed beds



Water depth - Depth-averaged velocity — Bed shear stress
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Swash lens
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Vertical profile of horizontal velocity

FIX-IMP015

PIV4 - h0001
02

Sim-FIX-IMP
Exp-FIX-IMP

018 -

0.16 -

0.14 -

z [m]
|

0.08 - 548 4.81

0.06

0.04 -

0.02

-25 -2 -15 -1 -05 0 0.5 1 1.5 2 25

15



Research results

The impact of mobility on model performance



I

Water depth - Depth-averaged velocity — Maximum run-up

e
MOB-IMP015 MOB-IMP015
PIV4 - h0001 PIV4 - h0001
0.2 T T T T 3 T LIl T T T
1
Sim-MOB-IMP 1 Sim-MOB-IMP
___________ BT A 1 revemmeenns Qi EIY. J
015 Sim-FIX-IMP 2 T Sim-FIX-IMP
< 1}
0.1 2
- Or
0.05
Ak
D 1 | 1 | _2
0.5 1.5 2 2.5 0
t(-)
MOB-IMP015
h0001
Sim-MOB-IMP h_ =0.001 m t—t .
! min % bore arrival
N (A, Sim-FIX-IMP h_ . =0.001 m t —
sl | tflow reversal — tbore arrival
5t . PIV2 PIV3 PIV5 PIV6
Gate 1 1 1 1 1
E — ISED3 | SED41 SED5I SEDGI
= 4 _ — 1 1 Iy 1 1l
- A .
hygy ! L h J I
hini Z“: : ! II :: :: zp(x, to)
SV=VL | 1 :| :I :I
| 1 Ol;c(] I x I I I 1
5:1.00m =;: =| i
5 Numerical domain J

Time, t(s)

12.00m

17



Swash lens
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Vertical profile of horizontal velocity
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I

Bed shear stress
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Conclusion



Model advancements

>

Numerical results of the flow variables for the test
with fixed bed are close to the experimental results

The model accurately predicts the depth-averaged
horizontal velocity in the run-up phase

The modelled bore arrival time almost coincides
with the experimental one

The modelled bed shear stress is well predicted
when compared with the log-law-derived shear
stress
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gl Model limitations

« QOverestimation of boundary layer thickness and underestimation of velocity profile
» Affecting the model’'s ability to accurately simulate the interactions between the flow and

the seabed, which are crucial for understanding the sediment transport processes.

« Uncertainties in bed shear stress modelling
» Affecting the accuracy in modelling of bed shear stress at critical moments such as the

arrival of the bore and during flow reversal

« Qverestimation of Flow Variables

» Affecting the reliability of the model in practical applications.
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Future works

» Improving the simulation of the vertical profile of horizontal velocity inside

the bottom boundary layer, with a focus on the velocity profile at the flow

reversal and the swash tip.

» Parameterising the physical parameters and model configuration on the
simulation of the dam-break-driven swash event on an impermeable mobile
bed.
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Deliverables

D2.2. Technical report
on evaluation of
morphodynamic
swash zone model

with existing boundary
layer sub-model.

. /

02

D2.8. Technical report
on evaluation of new
boundary layer sub-
model.

03

D3.11. Technical report
on application of
morphodynamic swash
zone model.
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Introduction

Payne and Straughan (1999) established continuous dependence in the
Brinkman-Forchheimer equations with constant porosity . When the
porosity is space dependent :

e Velocity is not divergence free.
e The term describing viscous shear stresses is not the Laplacian .
e We have normal viscous stresses (bulk viscosity () .

e The shear viscosity p enters the expression for the interfacial drag
(Darcy coefficient a) .

e We are working in the weighted L2 space with the porosity ¢(x) being

the weight .
1/2
Jull = ( / ¢>|u|2dx)
Q
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Inequalities

Arithmetic-geometric mean inequality
1 c
ab< —a’+ =b°
- 2c + 2
Holder's inequality

1/p /9 1 1
fllgldx < /f”dx /qux , —+—=1
[ tex < ([ 16ax)”"( [ jeie) S+

Sobolev inequality

/Q|G|4dx§ C (/QIGIQGIx)l/Z(/Q VG ! Vde)3/2

Poincare's inequality

)\1/ \w|2dx§/Vw:dex
Q Q
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The Brinkman—Forchheimer equations for flow in porous media with variable
porosity are

Ou
fba +¢Vp

=V - (¢¢(V - u)) + V- (puV?) — a*(¢)u — b*($)lulu+¢f , (>0

V- (pu)=0
V() = 5(Vu+ (Vu)T) - %v cul
b*(¢) - b(l - d)) + d(l - ¢)2 ’ a*(¢) - a:u(l - ¢) )y bv d>0

0<¢min§¢§¢max<1

where u is the average fluid velocity in the porous medium, a is the Darcy
coefficient, b is the Forchheimer coefficient, ( is the bulk viscosity , u is the shear
viscosity, p is the pressure , f is the gravity and ¢ is the varible porosity.
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Forchheimer coefficient b

To study continuous dependence on b, we let u and v solve the following
boundary initial-value problems for different Forchheimer coefficients b; and b :

¢% +¢Vp =V (¢C(V -u)l) + V- (puV?) — a*(¢)u — b () ulu + ¢f

60+ 0V = V- (6(V - W)I) + V- (V) — (6 — B(O)vlv + of
V-(pu)=V-(¢pv) =0, Q x {t >0},
u=v=0, 0Qx{t>0},
u(x,0) =v(x,0) =g(x), xeQ
Q in these problems is a bounded domain in R® whose boundary is 9 and g is

the given initial data.
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Forchheimer coefficient b

We define the difference variables w , p and b by

W=u—v,r=p—q, b= b —b=bl—9), b=b —b

and then w satisfies the boundary initial-value problem

ow

oo =V (60(V - w)l) = V - (6uV?)

= —a"(¢)w — (bi(9)|ulu — b3(P)[v|v) — VT,
V-(pw)=0, Q x {t >0},
w=0, 90 x {t>0},

w(x,0) =0, xeQ
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Forchheimer coefficient b

Using the relations

vi.vi=v:. Vw

V2 > ¢m'" |V

and calculations we can conclude

c 1
[[wlf* <

-1 2(¢ ) 4 _—2ap( ¢max—1)t b2
< T ~ Vel

(Gmin)/

This specific estimate establishes continuous dependence on the Forchheimer
coefficient b in the weighted L? norm.
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Also through calculations we can establish continuous dependence on

e the Darcy coefficient

lg||? (2 s~V =2l D) 2

Pmax

h ¢min - 31(¢iax - 1)2(31 — 232)

e the shear viscosity

2
||W||2 < 1 - 1)2 Hg! e—2au2(¢;ax—1)t . e—am(ﬁ—l)t)
Pmin (g — 1) (1 — 2p2)
Qbmax 2 _—apa(2—-1)t|, 2
_— e Pmax
2M1N2¢min ”g” a
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Energy bounds

Now, let u be a solution to the boundary initial-value problem for the
Brinkman-Forchheimer equations with variable porosity.

2dt/¢>lu|2dx+/ (¢)|u|2dx+/Qb*(¢)|u|3dx+/n¢uvd:Vudx
—/¢C(V-u)2dx
Q

Through basic calculations and Poincare’s inequality we can easily establish an
upper bound

2
A1 bmin )t

lul? < g2 G Gm Ve

max
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Energy bounds

Next, we derive a lower bound for |Ju|| . To do this, let the kinetic energy be
& = [|uf?

and then by calculation,

e _
dt

_ cu) 2y — d .\ gy _ * 2, x 3
2/Q¢C(V u)“dx 2/Q¢,uV - V9dx 2/Qa (¢)|u|*dx 2/Qb (¢)|ul>dx
<X

where we have set

X(t) = —2/Q¢,uvd:Vddx—2/ﬂq5((V-u)2dx—2/Qa*(¢)|u|2dx—§/Qb*(¢>)|u\3dx

Evangelos Petridis

Project presentation



Energy bounds

By further computation, we find that

dx Ou , 5
—-= = —|%dx =4
=4 ol Pax— a5

and so with the aid of the Cauchy-Schwarz inequality and some basic calculations
we can see that

3x0) ,
O(t) > d(0)elsl?
so we have established a lower and an upper bound for ||ul|
2 20+ 2 2 —(ap( s ~1)+ Pmin)e
Igll"e=ie" < [lul|* < [|g]"e e “hax

This, of course, shows that u cannot vanish identically in a finite time
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Energy bounds

Now that we know ||u]| is strictly positive, we can improve the upper bound.

If we use Holder's inequality and with the aid of Poincare's inequality, we may
derive

d 5 1 )\wqﬁ 2 2b 1 3
—||ul]* + (2a -1 2P min —Dlul]> <0
g ull™ + u(¢max )+ 2" —5 ) |uf]* + 1/2(¢max)1/2(¢ )ull® <

max

where m = m(Q) is the measure of Q. This inequality may be rearranged and
integrated into

u]

< ||g||(2a¢max(1 ¢max) + )\l(bmm)A(t)
- 23¢max( ¢max) + )‘1¢m|n + 2||g||b m_1/2 _1¢1/a2( - ¢max)(1 - A(t))

where

>‘1“L¢$nin )

At) = & e DT g 0
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Energy bounds

So finally we established a lower and an upper bound for |ul|
L(O}t
Il
< |lu

< ||g||(23¢max(1 B ¢max) + )‘1¢r2nin)A(t)
" 2amax(1 — dmax) + A0, + 2]l mY2u10n(1 — Gmax) (1 — A(t))
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Future work

We will work on a problem include the flow of currents over deformable dunes in
a channel.

Detailed numerical simulations of shear-driven (Couette) of water-sand mixtures.
(Emphasis on sediment mobilization and resuspension)
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