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ABSTRACT: The worlc's shallow continental shelves are currently expergy a rapid pace (
development from the growth of offshore renewalslergy. Our ability to predict the response to new
seabed infrastructure is limited by our modelslofvfand sediment transport which were created and
validated assuming a uniform flow structure. Wespr# field results from a deployment in the eastern
Irish Sea where profiles of flow and turbulence evereasured and used to drive a range of suspended
sediment models. The range of models, and the wanways of forcing them, are tested against
measured suspended sediment concentrations fraaibsated multi-frequency acoustic backscatter
system. It was found that the bed shear streseasured via 2D depth averaged approximations (with
velocities from a bed mounted ADCP), as well asTtK& method (from a near bed ADCP) was the
most accurate, whilst law of the wall approximatmerformed poorly. We found that the method of
Garcia and Parker (1992) family of methods produtiesl most accurate measure of suspended
sediments. Transport near the threshold of mo®@34 of measurements) was poorly represented by
all combinations of methods. The highest suspes@eiment concentrations (10% of measurements)
were also poorly predicted, likely due to the chaggoed level which occurred during these high
concentration events.

equilibrium turbulence and 2) the subsequent
1INTRODUCTION effect on the forr_n of the seabed. Thesg effgcts
cause two main problems for estimating

The movement of sediment on the seabed isediment transport: 1) localised turbulence

still one of the most challenging processes togeneration lowers the bulk flow velocity and 2),

accurately model and predict (Egan et al., 2019localized sources of turbulence tend to generate

Salim et al., 2018; Tang et al., 2019) (Dey et al.non-equilibrium flow and sediment transport

2020; Tsai & Huang, 2019). One of the mostfields, which are not part of the assumptions in

pressing issues for predicting sediment transporthe sediment transport models.

in marine and coastal environments is Here we use a recently collected suite of

understanding the effects of new offshore windacoustic data from a seabed lander deployed in a

farm infrastructure on both the structure of thefield of dunes which had a section of seabed

flow, the subsequent effect on sedimentelectricity cable attached to it. We use the data

transport, and the change to the seabed. to test a variety of methods for estimating bed
A typical assumption when applying shear stress and suspended sediment

sediment transport models is the use of meagoncentrations and ask which methods work

flow parameters, usually assuming the form ofwell in this environment.

the turbulent boundary layer. The emplacement

of new infrastructure on the seabed forms a

natural laboratory for flow and sediment

transport processes to be investigated, notably

because of two effects: 1) the creation of a

localised source of pressure drag and non-
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Figure 1. (a) location of site, (b) 2 m Bathymetify“constable Bank”, with instrument frame locatoand
bedform profiles highlighted. (c) location of frasnend bedforms measured during the surveys

2METHODS periods, lowering to calm conditions towards the
_ _ end of each deployment.
2.1 Field Site Grain size at the field site was measured from

The study site was on the Constable Bank int1 Shipeck grab samples taken before
the Irish Sea 6 km off the coast of North Wales,deployments, was found to be a consistent
UK (53° 22.5616' N, 3° 43.6308" W, Figure 1, uniform sand with a median grain size of 244
see end of document). This location is known tolm (Figure 2).

have active bedform migration and is close to 1 s
existing and proposed offshore wind farms. The Doy =244 b (
site has a semi-diurnal macro tidal regime, mear 0.8} [ Ps = 285 um

tidal ranges of 7.2 m at springs and 3.8 m a
neaps (measured at Llandudno, 0.6
https://ntslf.org). Dominant flood and ebb Z '
directions are 100° and 270 — 290°, respectively 0.4
Two separate field deployments were
conducted, one in September 2020 and one ii .2
July 2021. Repeated vessel mounted Multibean
Echosounder (MBES) surveys were performed g .
during the surveys to map bedform migration. 102 10°

Tides during the 2020 surveys were during the ERES

autumnal equinox and thus were some of thédigure 2. Grain size distributions of 11 grab sasgtom
largest of the year, whilst tides during the 2021both surveys at the location of the instrument fam
surveys had an average tidal range for the site. Thresholds of motion were calculated via the

Significant wave heights during the start of eachmodified Shields curve (Soulsby, 1997):
deployment were 1 to 1.5 m high with 3 second
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D*=D ((5—1)g)1/3E 1 direction for each instrument, so théat is
SO0\ 2 9 maximised and/ over time is minimised, and
« _ 03 x were decomposed into burst-mean (with
.. = ———+4 0.055(—0.02D*)Eq. 2 . .
crit 14120 ( )Eq overbar) and turbulent components (with prime)
N 0.3 . _
Osus = 1+D* +0.1(=0.05D")Eq. 3 U= (U+u)[v;w].Eq. 4

whereDg, is the median grain diameteris the

acceleration due to gravity, is the kinematic 3RESULTS
viscosity of the sea water (at 15°C, 1.1384 x10-

6 n? stands = 2.58 for quartz grains in 3.1 Bedforms

seawater. The seabed bathymetry at Constable Bank
consists of sedimentary bedforms of two main
2.2 Data collected .
scales. The larger scale bedforms in and around
A suite of acoustic data was collected from athe lander site have an average length of 194 m
bespoke seabed lander which had a section dfy 0.94 m high (range from 0.8 — 1.5 m high,
undersea electricity cable attached at one en@00 — 300 m long), which have an orientation of
(Figure 3). The data presented here are from150° (Figure 1). Superimposed on these larger
AQD-1, the ABS, and the upward facing Sig1lK. bedforms are smaller dunes of a scale 19 m long
g i and 0.16 m high with a dominant angle of 100°,
which is in line with the dominant flood tide
direction. The location of the bedform crests
. changed less than 0.1 m between the surveys in
=¥ 1aim 2020 and 2021. Their shape changed during the
s . i il IV tides in a similar way to estuarine bedforms
o (Lefebvre et al., 2022). The size, shape and
o orientation of these smaller bedforms indicates
there would be no/ or little significant flow
separation from the larger host bedforms
Figtll.”e 3. g_Chi«‘m?tiC th thef instrument 'fitndef- ?She (Herbert et al., 2015). The height of the larger
outiines Indicate location or measurements usetan ; H
survey, “B1” indicates the location of the firshinf data. .bedforms is roughly equal to the height of the
instrument frame (1.4 m) so near bed and

The section of cable is fixed to the base of tfieside of . . g
the lander. upward facing ADCP’s will be measuring the

The combination of upward and downward turbulent boundary layer generated from the

facing ADCP’s allows for the mean and near bedbedforms (Dyer, 1986; MclLean et al., 1999;

: . Nowell & Church, 1979).
flow structure to be measured, including any
effects from the bedforms on the flow field as 3 2 Epnhanced turbulence and suspended
well as the effects of the cable and instrumenkediments
lander on the ebb tide velocities, especially near . L )
the bed. Standard thresholds for correlation and G!ven the directional setup of the experiment,

amplitude were set for ADCP’s, which removed e expect floods to have “natural” flows, whilst
< 5% of data, velocity spikes were filtered out data collected during the ebb tides will also
using a gradient threshold of 0.14 . s contain the turbulent wakes from the instrument

Removed values were replaced with |inear|yframe and cable. The example profiles in Figure

interpolated values, if the gap between good* @€ from the 2 tide of the 2020 deployment

values was smaller than 4 data points. Velocitie@"d Show the expected higher near-bed
were collected in beam coordinates angSUsPended sediment concentrations, and a

converted in post processing. A local three-St€€per near bed velocity profile in ebbs.
velocity component (UVW) coordinate system
was applied using the median flood tide
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Suspended sediment

ContaRtration (kg #) this calculation was perfumed on the burst
Figure 4. Examples of burst average (10 minute)aisy averaged by first selectlng to |0W€St 5 \_/elocmes
profiles (a) and suspended sediment concentrafions O regress, calculated th ,Zlfhnd if the fit was
Flood tides measure “natural” flows whereas ebles ar better than a set threshold“(R 0.85), the next
affected by the instrument frame and electricitplea  datapoint above was added to the regression
illustrated on the right. until the threshold was passed. At which the
previous iteration was used to getandz,. This

Such alteration of the near bed velocity profile rocedure produced values for ~ 80 % of all

should have affects on the estimating of bed’

; measurements.
shear stress via standard methods. Alternatively, bed shear stress can be
3.3 Estimating bed shear stress calculated from near bed turbulence data, which

_ ~ have been shown to perform well in complex

For an estimate of bed shear stress usingows where the assumptions in the law of the
depth average properties, we used the 2RQyg|| and 2D approximations are invalid (Biron
approximation with a Chezy coefficienC’] et al., 2004; Kim et al., 2000; Pope et al., 2006:
based on the bed sediment samples and flowyjjliams et al., 1999).
depth (Baas et al., 2000; Van den Berg & Van
Gelder, 1993): He_re we used the Reynolds Stressed based
covariance method outlined by (Klipp, 2018):

gé_pw—ﬁqul5

"~ (ps—pw)(C")2Dsg

TKE =Juww” + v'w’ Eq. 11
, 4h
c' =18 log(D—go) Eq. 6 7, = VTKE Eq. 12

wherep,, is the density of sea water, isthe =~ The TKE method outlined by via (Soulsby &
density of the sedimertt,is the flow depth. This Dyer, 1981):
method is the default for the 2D version of TKE = 0.5p(0% + 0% + w'?) Eq. 13
Telemag¢ for example. The method used in
MIKE21, uses a manningh for roughness: 7, = 0.19TKE Eq. 14

0, = CpU?, Eq. 7 and the inertial dissipation method (Tennekes &
g Lumley, 1972)
Eq. 8

 (Mn/ey? u, = (¢kz)/3Eq. 15

whereM was set to 32 fffs ™. Where dissipations] can be calculated from

We calculate two estimates of bed shear(Scannell et al., 2017) for both tide and waves,
stress suing the law of the wallo\) method, @nd assuming a balance of production and
one with the upward facing ADCR¢W,,) and ~ dissipation.

equation: far the largest scatter for any value Wffor

either floods or ebbs (Figure 5a) — likely due to
the presence of a turbulent wake in due to the
bedforms on both phases of the tide or the extra
effects of the wake from the cable and
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instrument lander are present in the ebb tide. 2Dsediment concentrations in an environment
depth averaged methods show the least scattevhere bedforms and infrastructure are on the
due to their inputs having the least noise (Figuresseabed.
5a). Regressions of observed and predicted near
The turbulence-based methods of estimatingoed suspended sediment concentrations are
u* all produce different trends, but with roughly shown in Figure 6 (at the end of the document).
the same amount of scatter per valu&/offhe  From these comparisons we suggest that the
Klipp method seems to perform worse in ebbsGarcia & Parker (1991) method, and its’
than floods, suggesting that the turbulencedecedents Wright et al., (2005) and de Leeuw et
coming from the frame and cable are negativelyal., (2020) are the most sensible methods of
affecting the results from this method. The TKE estimating near bed suspended sediment
and dissipation-based method should produceoncentration. All other methods show major
similar values (assuming a balance betweerlifferences in predicted vs measured
production and dissipation of turbulence) but it concentrations at any value.
is clear that on both floods and ebbs the Plotting the distributions of predicted
dissipation-based method consistentlysuspended sediment concentrations (Figure 7)
underpredictsi* - possibly due to the amount of allows a comparison of SSC methods arid
turbulence generated locally by the lander andnethods to be compared at the same time. For

the bedforms field. example, if a SSC model was perfect, bututhe
— data used was not, it would still not show the
0171 . MIKE21 method | - TKE method 107" same distribution as the measured data. One key
[ o LW metod] | Epaton method © finding here is the highest and lowest
BT (@) (b) - . concentrations are poorly predicted by any
s Al t10? .0+ .1 combination of methods.
2 |- Using the 2D methods with Garcia and
; . TN t - Parker (1991) onlyEq. 5-6 does well at the
B 1031 i higher concentrations, but poorly for ~ 60% of
X : '{27 e the distribution, whilsgq. 7-8performs well for
ek | 70 % of the distribution but the shape of the
i Sl 10.4_M distribution at the high concentrations is poor.
935 0 05 05 0 05 The TKE method has a better distribution at the
U (ms™) U(ms™) U ms™) higher concentrations and shows an excellent

Figure 5 (a) and (b) display the variation of esties for  distribution down to 10 kg m®, where the
u* based upon the profile averaged mean velociyfr  threshold of motion and the noise flood of the
the upward facing Siglk and Law of the Wall metlood o'lo‘BS begin to be reached

the Siglk and AQD-1 data (a), and (b) methods base . . R .

upon turbulence Figure 5 (c) display measured suismb -l__he methods of Einstein, 1950; Rijn, 2007;

sediment loads from the ABS.> 0 = floods, < 0 = ebbs. Smith & McLean, 1977, appear to do well at the
highest concentrations but considering that these

3.4 Estimating suspension models overpredict concentrations for the rest of
Next, we compare a range of methods forthe distribution, it seems likely that they provide

estimating near bed suspended sedimenthe right results at high concentrations for the
concentrations; the methods of: (Einstein, 1950V70Ng reasons.

Rijn, 2007; Smith & McLean, 1977) and the

(Garcia & Parker, 1991) “family” of methods

(de Leeuw et al., 2020; Wright et al., 2005). We

use the range of methods of estimatiny

outlined in section 3.3 to drive those models. We

do this to try and get a measure of how good a

measure ol* is needed to predict suspended
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Figure 6. Comparisons between methods of estimdigzy shear stress (right to left) and suspendeidneat
methods (top to bottom. X axis are measured vali&SC, Y axis is the predicted values. 1:1 slepgrovided
as a dashed line. Values are in log10 kg m-3. Red khow a best fit from a robust linear regrassio
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Figure 7. Distributions of measured and predictealn
bed suspended sediment concentrations. X axis is
concentration in kg m-3 and the y axis is the
cumulative distribution of measurements.

4 DISCUSSION

Given the complex bathymetry of the site,
and the additional drag produced from the
lander and cable during ebb tides, it is
perhaps surprising that the 2D methods of
estimating bed shear stress (used with Garcia
and Parker 1991) estimated near-bed
suspended sediment concentrations similarly
well to the TKE method which used near bed
turbulence measurements. The data from the
upward facing Siglk (used to drive the 2D
method) implicitly incorporates both the
Eulerian and Lagrangian effects of the
bedforms and sand bank on tidal forcing and
local flow velocity — something which not all
models incorporate. The result highlights that
if given good-quality data, the 2D methods do
work well.
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Given that the TKE performs roughly as RV Prince Madog for facilitating this
well as the 2D methods, one could concludefieldwork under difficult working conditions
that near bed turbulence effects ondue to COVID-19 restrictions.
suspending sediment in this deployment are
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sediment concentrations (Figures 4 and 5)
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