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Beachbuoy Independent Assessment: Oceanographic Modelling Review

Executive Summary

Southern Water have commissioned an independent review to provide an assessment of the
OdzZNNBy G . SIF OKodzze &eéais Ydlableand dredibléingar ieimeLINE2 @A R
warnings of potential water quality impactdong their coastlindrom storm overflow re-

leases The writerhas beercommissionedasl Y a LY RSLISY RSy G hOSF y2 3aNI
LJS Nffotigh Atkinsto make an assessment of the coastal models developed for Southern

Water and the potential of these models to provide consistent,alelle and credible input

data into Beachbuowwith this system then being able to provide near rgale warnings of

potential water quality impacts from storm overflow releases.

Beachbuoy is tool currently availableon{ 2 dzil K SNJY 2 | (B&bhibudy (so@rem-A (0 S
water.co.uk) which Wisplays near redime storm release activity information relating to

(their) coastal bathing wate@Southern Water are to be congratulated araking this infor-

mation available to the publjonith the provisathat the company? OF vy Qi YI 1S Fyeé
water quality recommendations as Beachbuoy is simply a reporting To@ public are there-

F2NE | ROA&ASR (G2 dz&aS GKSANI 26y RA&AONBGAZ2Y 6KS

In the opinion of the writeBeachbuoys a valuable resource of data provision to the public,
provided the additionaktatement ismadethat Beachbuoycurrently provides limited infor-
YIEGA2Yy aLISOATAOIff & TeaveizasiTh&wriryunder&taimls Kh&tNy/, 2
Southern Water will investigatthe scope foirincluding third party water quality inputs to

the coastal models and Beachbuoythe future. It should be noted thathe disadvantage of
receiving REDr GREEMarnings too fregently when not appropriate, often results in bath-

ers deciding not to pay too much attention to the warnings; this experience has been quite
common in flood alertsTherefore, it is important that Beachbuoy provides information as
accurately as possiblefrer GAy 3 (2 GKS LRGSYGAFf AYLIFOG 27
water health risksFurthermore, m the futureBeachbuoy could be automated providereak

time advice on healthisksto bathersthrough being updated onlin@én real time) based on
dataaccessed fronthe coastaimodels.However, the current hourly updating is commenda-

ble based on the existing data availability.

The writer has been extensively involved in developnefjning and applying computational
models for predicting hydrodynamic, water quality and sediment transport processes
coastal, estuarine and riverine basins for o4éryears, mainly imcademe and working in
collaboration with water companies, consulting companies asgulatory authorities His
original model DIVAST (Depth Integrated Velesi\nd Solute Transportyas developed in
the early 1980s, and used extensivaly to about 2000y 44 companies(including Atkins)
andregulatory authoritiedor coastaland estuarinenydro-environmental impact assessment
projects,bothin the UK and internationalj\some companies are still usiaghanced versions
of this model.Since the miel990s consulting companiesc. have increasingly used commer-
cial hydreenvironmental computational modelswhich have been developed and docu-
mented forprojectapplications by a broadarohort of engineers and scientistaithout nec-
essarily having the idepth experience to developrefineand apply specialist research tools.
More recently, since around the mitB90s, the writer has been extensively involved in


https://www.southernwater.co.uk/water-for-life/beachbuoy
https://www.southernwater.co.uk/water-for-life/beachbuoy

auditing and reviewing the application cbmmercial computational coastal and estuarine
modelkfor predicting hydreenvironmentaland hydro-bacterialprocess predictions in coastal
waters particularlyin connection with planning long sea outfall design and operation for com-
pliance with the EU Bathing Water Directiv€lese review and assessment studies have been
primarily undertaken for various water companies in the UK and compacafeleseaorgan-
isations.

Thewriter has reviewedll the reports provided to hinby Atkinsand which relate to the
extensive coastal madling studies undertaken by Southern Scienidels primarilysincethe
mid-1990sto-date. In the experiencand opinion of the writer, whilst these models have gen-
erally given reasonable agreement betweksgld measured and Admiralty Chart datzom-

paredto comparable hydreenvironmental modelling andata monitoring studiethere are a
number ofunderlying concerns about theetup of the coastal models and the oveimplifi-

cation ofsomeprocess parameterkighlighted in this report. The writer recommentisat
severalkey refinements need to be made to the models befarmbust assessment dhe

impact of long sea outfaiind CS@lumedischarge®n bathing water quality can be made.
particular, there are a number dfey validation sites, in the coastal modedviewedwhere

the degree of validation does not meet the Foundation for Water Resd&\WIRguidelines

for good agreement between the measured and predicted daty, G KS 6 NA (i SNDa
these guidelinesontinue to bewidely used by the UK water industpdregulatory authori-
tiesandA Yy (0 KS ¢ NR ( S Niéhscapedonfmpgoyingnarky 8f B prdcésses rep-
resented irnthe coastamodek, therebyenabling more confidend® beacquiredin predicting

the bathing water qualith & @ NA 2dza aA0Sa | 2 ylesfadleztiek S Ny
existing coastal models can continue to be used until a new model is set up for the region
(particularly using an unstructured grid and a finer grid resolution in the nearshore coastal
waters),taking into account thdéimitations of the eistingmodel

The main concerns relating monfidence in the model predictions are summarised briefly

below and outlined in more detail in Section 2 of this report:

(i) The coarse grid model using a regular grid size of 2 km is appropriate and reasoribbly we
calibrated with measured and admiralty chart dataoiifishore waters. Howevein the
experience of the writethe nestingto finer gridsdoes notreduce to sufficiently fine a
grid to predict tidal eddies etc. in the nearshore coastal wateasypicaland complex
hydrodynamic proceswhich needs to be predicted accuratdty bathing water quality
assessment.

(i) The bed roughness coefficient has bedranged in nearshore waters, without anecdotal
evidenceor field observationso support changes to the roughness parameter.

(i) Therepresentation of keyprocessessuch asturbulence, dispersion and diffusipare
based on constant values, thereby excluglkey parameter gradients in shallower water
and excluding the dependency of these parametersh@localvelocity and depthThese
parameters ar&knownfrom classicahnalytical derivations and field and laboratory data
to bedependent on depth and velocity (as well as bedghnesswind stressetc.).

(iv) The wind representation and its impact on changing the surface cwweagmt vertical ve-
locity profile appeas to be oversimplified in the model studieswith published studies
by the writer and many othersdicating that relatively high windpeeds(ca. 16- m/s)
can have a marked impacheurface currents, plume trajectories artiO(Faecal Indica-
tor Organismoncentrations

rf .



(v) Thelack of ADCP (Acoustic Doppler Current Profiata for the hydrodynamicsalibra-
tion and validationand the relatively limited FIO concentration datare shatcomings
in providing confidence in the model predictions, particularly in comparison with the
amount and sophistication afata nowincreasinglypbeingusedby the water industryin
comparable studies

Based on these main comments above, along with other review comments in Section 2 of this
report, the writer has provided a numbef recommendations throughout theeport, aslisted

below, withan indication of theimescalefor consideration beingdentified as Short Term

(ST: less than 6 months, Medium Term (M®B)months to 3 yeargndLong TermL(T): over

3 years

Recommendation: + ST

Southern Water consider replacing their existing oceanographic and coastal zone modelling
suite with a more refined model, based on an unstructured grid finite volume or finite element
structure, and with improved representations of the physical and badbgrocesses in the
governing hydrodynamic and solute transport equations, particularly in the shallower near-
shore bathing waters. The current unstructured grid finite volume or finite element models
widely used include (in alphabetical order): DelftB&xible Mesh Suit@Deltares, 2021 MIKE

21/3 Flow ModelDanish Hydraulic Institute, 201 9nd TELEMARASCARKEEIlectricite de
France, 2022)The models Delft3D andIEBVIAGMASCARET are available as Open Source, but
at the time of writing this report MIKE 23.is not available in opeisource form.

Note: The writer understands that Southern Water noaga licencefor the unstructured MIKE
21/3 model and is about to implement its use.

Recommendation: 2 ST

It is not clear if the Coriolis slope effect is included in the coarse grid model, either directly or
indirectly, along the northern and western open boundaries andrtbleision of this effect
should be checked to ensure that if any questions are raised about its inclusion in the model,
then evidence can be provided to confirm that this effect is included appropriately.

Note: The writer understands that Southern Watelt a@ carrying out sensitivity analyses of
the impact of the Coriolis slope effect on the northern and western boundaries oftbe-re
structed MIKR21/3 model

Recommendation: 3 ST andT

It is recommended that at the earliest opportunity a field momitg programme is undertaken

to measure the key hydrodynamic parameters, continuously and synchroraiisgyeral (ca.

6) key sites across the domain. This should first be donecaibzate and validate the coarse

grid model and, at a later stage, undertaking a further field study using ADCPs to validate the
finer grid modes in the shallower bathing wers, which is cruciaL y G KS & NA G SND &
there is scope for improving the accuracy of the mpdedictionsto meet the FWR criteria,
particularly regarding tidal phasin@nd thereby leading to more confidence in the model pre-
dictions



Note: The writer understands that Southern Water will review existing hydrometric survey data
and where necessary commission further hydrometric surveys to provide a complete set of cal-
ibration and validation data for the reonstructed NIKE21/3.

Recommaedation: 4- ST and MT

It is recommended that for improved accuracy in the coastal bathing waters, in addition to
switching to an unstructured grid model (as advised@ésommendation ), the minimum grid
resolution should be reduced in thearshore zones to typically 50 m, and a maximum of 75
m, subject to grid dependency tests and-tumes.

Note: The writeunderstands that Southern Wateow hasalicencefor the unstructured NKE
21/3 model and is about to implement its use. This magkehave a refined grid cell structure
in nearshore areas.

Recommendation: 5 ST

It is recommended that if Southern Water decidedatinue usingheir existing nested models
over the long term for predicting hydrodynaraied solute transpornprocesses in the nearfield
zones, then for improved accuracy the intermediate and fine grids should be nested down in
ratios of 1:3or 1:5 thereby ensuringhat the predicted data coincide at the centre of the
coarse and central fine ggdenabing direct comparisons to be made between the predicted
data in both grid sets and grid dependemalyerently tested

Note: The writer understands that Southern Watew hasa licencefor the unstructured NKE
21/3 model and is about to implement its use. The implementation of this model will obviate
the need for nesting.

Recommendation: 6 ST

It is recommended that Southern Water undertake observational assessments of the bed char-
acteristics along their bathing waters to estimate the approxim@equivalent sand grain
roughness heights in the nearshore region. This will ensure that théamesg shear stress
included in the shallower waters is not higher than the bed characteristics which, in turn, would
lead to increased energy dissipation of the tidal currents in the model, particularly in the critical
bathing water areas.

Note: The writeunderstands that Southern Wateow hasalicencefor the unstructuredIKE

21/3 model and is about to implement its use. Model calibration and validation will be carried
out and bed characteristics will be used to estimate the approximate bed rougfhessriter
recommends that these data are first converted to an equivalent sand grain roughness height
and then used to estimate an equivalent Manning coefficient or Manning number.

Recommendation: 7 ST and MT

Ly GKS NG SNDacanseviels signiicgndDipadt &nScoastal bakhing water
hydrodynamic andolutetransport processes. It is therefore recommended that the represen-
tation of the wind stress effects on the variation in the trajectory and physical characteristics
of the dischage plumes are investigated in more detail, particularly regarding the impact of
larger winds (ca. 120 m/s) on the surface velocitieBhis can be done through documentation

of the treatment of the wind stresepresentation, including its impact on the assumed vertical



velocity profile and how the vertical diffusion and dispersion coefficierdase refinedto ac-
count forincreasing windselocities.The writer questions the implication that windlocities
exce@ing 5 m/s in the data relating to Beachbuoy do not leathtweasedconcerns about
bathing water quality riskand clarification on the wind representation could lead to more
confidence in thassumption that a wind speed of 5 mésthe peak criticavind velocity

Note: The writer understands that simulations have already been undertaken with higher wind
speeds and the results of these simulations wilhbkided in Beachbuawg the shortterm. In
addition, the writer understands that Southern Watesw has a licencefor the unstructured

MIKE 213 model and is about to implement its usk.is understood that additional runs will

be undertaken to evaluate the impact of higher wind speeds on wind dispersion and diffusion
in the updated model

Recommendation: 8 MT

Ly GKS 6NAGSNDND&E SELISNASYOS IyR olaSR 2y ((KS
2, it would appear that ithe nearshore coastal waters an eddy viscosity value of/4d may

be relatively large and that a value of typically 10% of that currently used would be more real-
istic. A lower eddy viscosity will reduce turbulent diffusion in the bathing water zonewaldd ¢

lead to maintaining a higher concentration of FIOs within the advected plume. It is therefore
recommended thain the futureat least a oneequation turbulence model be used to estimate

the turbulent diffusiorprocess particularly across the fine grdomain.

Note: The writer understands that Southern Watesw hasa licencefor the unstructuredIKE
21/3 model and is about to implement its use. The implementation of the eddy viscosity in this
model will be considered carefully including use of thagdrinsky formulation.

Recommendation: 9 MT

Ly GKS 6NAGSNNa SELISNASYOSsS FyR F2NJ GKS GeéLR
bathing waters the range of dispersidgiiffusion coefficients of 0-:0.25 n¥/s is relatively small

and that avalue of typically at least an order of magnitude greater would be more realistic.
Furthermore, the dispersiediffusion coefficients in analytical and idealised flume laboratory

studies are strongly dependent on the product ofltealvelocity and depthand it is recom-

mended that thesolute transporimodel should be refined to include velocity and depth effects

and the gradient of the dispersidatiffusion coefficients should also be included in any future
modelling studies.

It should also be noted thatind stress effects can be significant in dispersiibiusion process
representation (i.e/D in equation 10) and these parameters will increase with wind stress
effects, and particularly for high winds. These additional stress effects should atstubed

in future model studies, ideally basedaocity profileparameterisations reported in the lit-
erature.

Note:The writer understands that Southern Watesw hasalicencefor the unstructuredVIKE
21/3 model and is about to implement its use. This model will be validated adpiogant
dye tracing data and depth and velocity effects will be carefully considénsdalso under-
stood that additional runs will be undertaken to evaluate the impattigtier wind speeds on
wind dispersion and diffusion.



Recommendation: 16 MT

Ly GKS 6NAXGSNDRE S EROSaNder8rstionS aldndgbathingM@drshisthighlyz vy 2 ¥
dependent on the values included in the model for the decay rate. This process is highly com-
plex and dependent on a range of variables, requiring intensive field data for several parame-
ters for accurate and tmust predictions. However, whilst much of these data are expensive
and labour intensive to collect and analyse, it is nevertheless advised that the key variations in
day- and nighttime decay rates are includednmodel studies, and simulations are undéea

for both day and nigh-time outfall releases. Whilst the values currently used §od@&cay
ratesare deemed to be conservative, nevertheless experience has shovkeyhstakehold-

ers, including the publi@gre more reassured when different decayesaare included in any
reaktime modelbased water quality signage.

Note: The writenotesthat current decay rates used are conservative when compared to val-
uesmeasured fothe River Ribble and Fylde Cioaisd understands that ithe revised model
the use of dayand nighttime varying decay rates will be considered.

Recommendation: 11 MTand LT
Ly GKS 6NAGSNDNa SELISNASYOS F2N) Fye O2Fadlft

beusedinaredi A YS dat NBRAOG FyR tNRUGUSOGe G22f 3 adzf
coastal model uses the latest developments widely used withimthestry, such as an un-

structured grid, a finer grid resolution, improved representation of turbulence and dispersion
processes and parameters, and a more realistic representation of wind driven effects. Any Pre-

dict and Protect tool should use stadéthe-art modelling tools for assessing health risk im-

pacts.

Note: The writer understands that Southern Watesw hasa licencefor the unstructuredMIKE

21/3 model and is about to implement its use. This model will have a refined grid structure,
an improved representation of turbulence and dispersiffusion processes and presumably

a more realistic representation of wind driven effects.

Recommendation12- STand MT

It is recommended that sampling studiescommissionedor all key source input® enable
all CSO, riverine and harbour entrance ingotee included in the coastal models, with the
revised model predietdata then beindiltered andincludedin BeachbuoyThiswould allow
Southern Water to bable to confirm their net inputs to the systemg., by inputting riverine
E. coliand IntestinalEnterococci fluxesito the models at the boundess and therebyquan-
tifying the impact of theidischargeselative toother sourceinputson bathing water compli-
ance By decouplinghe inputs in the modeland comparing theelativeimpactswould allow
Southern Water to prioritisany future capital invamentsrelative to the corresponding im-
pacts.

Note: The writerunderstands that Southern Water will investigate including third party water
guality inputsinto the modelsn the future

Recommendation: 3- ST andT

In order toprovide more confidence in theodelpredicted accuracyof faecal bacteria levels
£ 2y 3 { 2dzi &hnly bedchesiitSisNdcdmMmended thaan extensive sampling

Vi



programme is undertaken for a preferred beach of the nearshore hydrodypanameters

and E. coliand Intestinal Enterococcbncentrationsin particular, concentrations should be
measuredalong transectsiormal tothe beach providingevidencebased data for model cali-
bration and vadation. This would lead to more confidence in the model predictions and any
extended bathing water quality information provided through Beachbuoy.

Note: The writer now understands that Southern Water have undertaken some bathing beach
monitoring andare lookirg to do more detailedhonitoringfor a priority beach in the future.

Recommendation: 4-LT

It is recommended that Southern Water investigate further the Copenhagen real time coastal
models and their link to redime bathing water qualitysignage. However, rather than inte-
grate a fuly deterministiccomputational coastal model witha signage system, which would

be expensive in terms of modelling and data management costs, it is recommended that South-
ern Water move towards embedding theastal modelling data witim ahydroinformatics tool

to provide reatime input data to Beachbuoyhis woulé&nalde more accurate realime data

on bathing water qualityo be presented through Beachbuoy.

Recommendation: &- ST

It is recommended that ithe short term some simulations of the effluent release from a typical
outfall (such as Portobello) be undertak@oundMWL, i.e., with peak currents, and the plume
trajectory and concentratiambe compared with releases at high and low water. If found to
provide marked differences in the data currently linked to Beachlery it is recommended
that MWL releaselata should also be included in Beachbuoy in the future.

Recommendation: 6-ST an MT

For accurate predictions of the hydrodynamic and FIO transport processes in the region around

the Solent and the Isle of Wight it is recommended that this coastal model is refined as soon

Fd Ll2aaAroftSeo Ly GKS ¢ NR O Swadardbodg isibo/chazsy t pick K S 3 N
up some of the main complex hydrodynamic processes likely to occur in the region. Further-
more, the bed topography is also highly variable in the region and the use of depth and velocity
varying turbulent, dispersion andffdision processes is particularly appropriate in view of the
boundary constraint features of the Solent. The use of an unstructured model would be partic-
ularly suitable for this region and withe finest gridbeing50 m or less

vii



Table ofContents

oo 18 ox 1o o P UUPPPUPRTPUPPRN -1-
Modelling APPrOACKHL.......eeei e -3-
() I C T =] = | PP ~3-
(i) Coarse Grid Model Boundary Representation....................evvveevvnennnnnnnnnnnnnns =4 -
(i) Grid Resolution and NEeSHING.........ccoeiieiiieiiieieee e -5-
(iv) Bottom Roughness Representation...............ccocoevviiiiiiiiiiciceeeeeeeeeeeeeeeeeeiiaan -9-
(V) Wind Stress Representation..........cccoeeeeieeeiiieeee e -11-
(vi) Eddy Viscosity and Turlemce Representation...........ccccceeeeeeeiiiiieeniieeseeeeeenn -12-
(vii) Diffusion and Dispersion RepreSentation..................eeeeeiiniiiiiieeeeeeeeeeeeeen -14-
(viii)Decay Rate RepresSentatiOn.............cevvvvveeeeeeuiieiiiiiiiieiss s -16-
General Model ConClUSIONS...........uiiiiiiiiiiceciee e evime e eennnen 7 19 -
Responses to Southern Water Beachbuoy QUestions............ocvvvviiiiiiiencevinnnnnn: -22-
() T =1 = | PP -22-
(i) Human Health IMpliCatioNS...........ooovviiiiiiieeiiiee e =22-
(i) Review Process and SYStemMl........cccoeeveiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeee e - 28-
(iv) AULOMALIC REVIEW PrOCESS.......cvvviviiiiiiiieiiiiinnniiini s s e e e e e e e e e - 28-
(V) General Modelling.........ccooeiiiiiiiiiiieeeeeeeeeeeeeeeeeeee e R 3L
(Vi) User and ENQAgEMENT.........uuuiiiiiiieiiiiiiiiiie e +.39-
(VI1) DOCUMENTALION. ....eeeiiieeeiiiiiie ettt e e et e e e e e e e e -40-
] (=] (=] [ SRR -41-

viii



List of Figures

Figure 1. Predicted tidal currents at Whitby using a gegblution of: (a) 333 m, and (b) 75 m.
Note the significant difference in the predicted nearshore currents.............cccccceeee... -8-

Figure 2. Predicted faecal coliform levels along Whitby bathing watdswv spring tide for:
(a) existing outfall, (b) 900 m long outfall, and (c) 1,600 m outfall (Green > 100 cfu/100ml and

o (U 000 I ox {1 700 o ] ) -8-
Figure 3. Model simulations of faecal coliform concentmatibstributions in Cardiff Bay for
different decay rate during nigkttme and daytime...........ccccceeeii e =17-

Figure 4. Comparison &f coliconcentration distributions in Swansea Bay using the |Stap
et al. decay function in a 2D and 3D model, with 3D predictions averaged over .defiB.-

Figure 5. All outfalls shown for the input location of C&0d outfalls in the 3D model of

Swansea Bay (in collaboration with CREH and Dwr CymrL)..............ceevvvvevevvvnnnnnnns :25-
Figure 6. Static source points at outlet locations (a), and source transects along &\Bagse
() TSP OUPRRRPRRRRI -29-
Figure 7. Schematic illustration of tidal pumping impact on sediment....................: ~ 34 -
Figure 8. Schematic illustration of eddies causing sedinerdccumulate at centre: (a)
uniformly distributed initially, and (b) accumulated at centre after stirring...............~38-
Listof Tables
Table 1. Bathing watetandards EU Directive 2006...............cceiiieiiiiiniiiiiiiiiieeeeeeeeens =7 -

Table 2. Measured variation in decay rates for different baatand water salinities...- 16-


https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102210
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102210
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102211
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102211
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102211
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102212
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102212
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102213
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102213
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102214
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102214
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102215
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102215
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102216
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102217
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102217
https://d.docs.live.net/465ffe72f0a3be22/RAF%20Files/RAF%20Southern%20Water/RAF%20Report/Final%20Draft%20Report%20RAF%20for%20Southern%20Water%20V2%2008-09-2023.docx#_Toc145102226

S OKodz2é Ly RSLISlYRSIHRIKREARS v SKSNERI oY
1. Introduction

In July 2023he reviewerwasinvited by Atking on behalf ofSouthern Water (SWjo under-
take a review of the Southern Water Beachbsygtem with a particular remit toreview the
oceanographic and coastal zone modelliag one ofour independent expertsTre W teano-
graphicModellingExpertQeview includedd LINR RdzOA y 3 |y SELISNI Q& NI LI
tions in relationto the report, participating in discussions with Southern Wated other in-
GSNBaGdSR LI NI AS&a NB3ITFhsRoewnhantonskitGesiide@gartND Qa O2 y

The Beachuoy system is a webased tool, developed by Southern Wateith the objective

of providing neareaktime information about storm release activity near tvaterO2 Y LI y & Q &
bathing beacheslong their coastlineThetool is availableon the Southern Watewebsite

and historicallyif anyof { 2 dzii K S NJ/outfalls assodidizd with a bathing wateeleasel

effluent duringstorm conditions, then this would have triggered a status chasfgbe bath-

ing water icon. The atus ofthe Beachbuoyicon can changeregardless ofwvhether there

would have been animpact on the bathing watequality, and any possible health risk asso-
ciated with the release from the outfall

In September 2022Southern Wateupgraded themap within Beachbuoy tpredict theim-
pacton anyof their bathing watersof an outfall releaseunder storm conditionshased on the
location of the outfall, the duration of the releasand the tidal conditions at the timdn
predicting the impact obucha releaseon the bathing water quality predictions wereob-
tained throughinterpolation of datafrom a range ofdatasetsobtainedfrom the hydro-envi-
ronmentalcoastalmodelsfor the region,run fora range ottonditions and primarilgriven by
tide and duration effects The hydio-environmentalmodel included alinked hydrodynamic
model, which predicted the tidal elevations and currendsid a solute masdransportmodel
for prediding Faecal Indicator Organisms (FI@sjicentrations and grticularly E. coli The
solute mass transport modahcluded the key processes:@dvection,diffusion and disper-
sion, and kinetic decajfhe linked model wallblzy F2NJ yn oF G KAy 3 g G§SNA
region and for each outfall-, 3- and 12hour duration dischargeeleaseswere considered
for: high water neafand spring, andbw waterneap and spring. Thrange osimulations ha
providedapproximately 2,000 model datasets.

The results from th&2modelled tidal states havieeen consolidated into a tablevhich sum-
mariseswhetherthe outfall release is likely to have any impact on the assediaathing wa-
ters, with WQndicatinga potential impact andB(ho likely impact. Tables for every outfladlve
been uploaded into Beachbupwhich uses the tidalbut excludes winficonditions at the
time of an outfalldischargeand its durationto predict whetherthere is any norcompliart

impact on the bathing beaches.

This review focuses primarily on tlbeeanographic and coastalimericalmodelling, of both
the hydrodynamic and solute transport processnodelled, and the implementation of these
model predictions into Beachbuoybonfidencein the deterministic hydreenvironmental
modellingresultsobtained for a wide range of scenarisisould lead tamprovedconfidence
in Beachbuoyeing able tgorovide relativelyaccuratenearshore reatime predictionsof the



regionalbathing water quality Furthermore, with reliable and robust hyckenvironmental
coastalmodelling tools being available, then future scenario chargg@salso be predicted,
such as: assessing the impact of sea level rise, changelsanced water treatment processes
or reduced CSO discharges etc.



2. Modelling Approach
() General

Southern Water &vicescommissioned Southern Science lttwiconstruct andtalibrate a nu-
merical model of the region around the Southern W&e&bastal arealn undertaking these
numerical model development§outhern Science Ltd. haused an original version MIKE
21, with thisindustry standard modedevelopedin the 1990sy the Danish Hydraulics Insti-
tute (DHI) This version of the model is basedam Alternating Direction Implicit (ADI) finite
difference algorithm with the modelsolving the twedimensional Reynolds Averadkavier
Stokes equations to predict thieey hydrodynamicparameters, namely the tidal elevations
and currentsand the solute transport equatioio predict the depth integrated concentration
fluxesacross a regular space staggered gfide approach adopted has been to use nested
modelswith the grid size being from 2,000 for the coarsest grid domaiand then down to
finer grids such as00 m, 250 m and25 m asfor the Portobello Long Sea Outfatudy. The
main driving model is # 2,000 m coarse grid modealpnsising of two open boundaries.
These boundariemclude: (i) an approximate 200 km long boundiiom PlymouthSound to
the North and Roscoffalong the French coagt the South and (ii) a approximate 300 km
long boundaryfrom a point between Skegness and Spurn Poimtthe English coast to the
West andacross the North Sea fterschellingallongthe Dutch coasto the East

This modelling suitéeing used for the Southern Water coastal modelling stuches, the
overall structure of the setup dhree nested modelsvithin the main driving models now
dated, with some key aspects of thituid mechanics and dispersidtiffusion processes in-
cludedin the modeling suite beingoasic for improved bathing water quality predictions.
Based on the current modelling suisinga structured and nested finite difference gritis
recommended that at the earliest opportunity Southern Water should use @naved mod-
elling suite for predicting théidal and wind driven currents and solute transport concentra-
tion levels alond 2 dzii K S NJfoadtal ZbSeMdX@thing waters.

Recommendation: 1

Southern Water consider replacing their existing oceanographic and coastal zone modelling
suite with a more refined model, based on an unstructured grid finite volume or finite element
structure, and with improved representations of the physical and badbgrocesses in the
governing hydrodynamic and solute transport equations, particularly in the shallower near-
shore bathing waters. The current unstructured grid finite volume or finite element models
widely used include (in alphabetical order): Delft&&xible Mesh SuitDeltares, 2021 )MIKE

21/3 Flow Mode[Danish Hydraulic Institute, 201 79nd TELEMARASCARKEIectricite de
France, 2022)The models Delft3D andIEMAGVASCARET are available as Open Source, but
at the time of writing this report MIKE 23.is not available in opeisource form.

Note: The writer understands that Southern Water nleasa licencefor the unstructuredKE
21/3 model and is about to implement its use.

The above cited modelsised widelyinternationallyby the water industry consultants etg.
are all based on using an unsttured gridstructureandwith the governing equations solved
usingeither the finite volume ofinite element method An unstructured grid modéias the



advantageof not needing nested modeklndtherebyavoiding momentum conservation chal-
lenges at theboundariesbetween different grid size suimodels These models alsaifer the
opportunity of focusinghe finest grid resolution in regiosof particular interestsuch adbath-
ing waterbeachesand in the poximity of outfallsetc.

In outlining the needor improved representation of a rangaf physical and biological pro-
cessesif 2 dzii K SNY 2 -en¥i®ivdarialcdasiaiddlling suitethe writer is mindful

of the need topredict thetidal andwind driven currentsand the diffusionand dispersion
processegas acurately as possibl® acquire defensible and robust determinisgirzdictions

for assessing the impact olutfall discharges on the associated bathing water quality. The
relevantkey physical and biological process refinements for consideration in any future mod-
ellingstudies to be linked to Beachbuaye outlined in the followingections.

(i) Coarse Grid ModéBoundary Representation

As outlined in the previous section t@enboundaies for thecoarse grid model were based
on specifying tidal harmonic constituendédongboth open boundaries,e., with the northem
boundarylocateddue westeastacrossthe North Sea from the English tauf@h coass, and
with the westernboundarylocateddue northrsouthacrosshe EnglisitChannel fronthe Eng-
lish to Frencltoass.

In the modellingreport by Southern Sciended. (Southern Water Services Ltd, 199H)the
treatment of the open boundary conditiorisr the 2km grid it is stated thatwvater elevations
were obtained at each grid cell along the boundaries using the 10S (nowcNNa@onal
Oceanographic Centreethod of predicting tidal elevationfsom a harmonic analysisiow-
ever, it is notclear if the open boundary conditions along the northern and western bounda-
ries includechanges in théidal harmonic components thahatch the Coriolis slope for geo-
strophic currents assumed to benormal to theselong open boundariesWithout measured
data of any tangential currents along #eopen boundaries then it is recommended that the
tidal currents areassumedo be normal acrosshe open boundaries and thereby match the
Coriolis slopegivenfor the northern bounday (Kreitmair, 20213s:

T _ ,\QTY
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where— = water surface elevation relative to datumy= tangentiako-ordinate axis along the

northern boundary;Q ¢ “Y'Q& the Coriolis parametearisingF N2 Y G KS Sk NI KQa
where] is theangular frequency of rotation of thearth ande is the angle of latitude}Y=

depth mean velocity component normal to the open boundary axis, @xdyravitational ac-
celeratonLy GKS GNAGSNDA SELISNASYOS (KS$oygopeh G(KS |
oceanic boundaries, or the harmonic constituents ao adjusted to account for this slope,

then the Coriolis slope should be includedher directly in the open boundg water eleva-

tions along the boundary, or the tidal harmonics should be checked and refined accordingly.
Otherwise,circulationcan beengendered bbng the boundariegparticularly at slack watgr

affectingthe key boundanhydrodynamigrocessesand generating unrealistic vorticity.

Recommendation: 2



It is not clear if the Coriolis slope effect is included in the coarse grid model, either directly or
indirectly, along the northern and western open boundaries and the inclusion cffiacs

should be checked to ensure that if any questions are raised about its inclusion in the model,
then evidence can be provided to confirm that this effect is included appropriately.

Note: The writer understands that Southern Water will be carrying out sensitivity analyses of
the impact of the Coriolis slope effect on the northern and western boundaries oftbe-re
structedMIKE 213 model

(i) Grid Resolution and Nesting

Theoriginal ®arse grid model was sefp with a grid resolution of 6,750 m. However, this was
rightly reduced to 2,000 m and with nested finer grid smbdels ats00 m, 250 m and 125,m

for the Portobello study, and with similar nesting for the other studidsth the simplified

and revised criteria for compliance of FIO levaksociatedvith the 2006 Bathing Water Di-
rective, it is essential to ensure that the most accurate open boundary conditions are used to
drive thelocal area modelsom the coarse gridnodel. Since the key process of FIO transport

is generally likely to bgovernedby advection, o transport bythe tidal and wind drivercur-

rents, then it is essential to ensure that the hydrodynamics are predicted as accurately as pos-
sible in the regions of interest, i,@n the region ofbathingand/or shellfish watesites

For the coarse grid modebnd thedomain covered by this modehe grid resolutiorof 2 km
and the bathymetry obtainedrom published depths on the admiralty charts was deemed ap-
propriate for the Regional ModelThe model was calibrated and verified agaibt@tAdmiralty
chartdiamondsitesand 12 standard port sitea the North Seand English Channeind for a
further 3 to 6field monitoringsites located near to the coagir eachfine grid model region.
Calibration was undertaken for eadata site at neap tides and with validation then being
undertakenat the same sitesusing thecorresponding spring tide datdt is critical that this
model predicts the hydrodynamics reasonabtgaratelyas this model forms the basis of the
drivingboundary condition$or the nested models. To assess the accuracy of such coarse grid
coastal modeldor predicting tidal elevations and currents (both speed and directibhas
been conventionalor water companies and regulatory authorities etc. to assesstioeiracy

of the model predictedrelative tofield measureddata parameters using th&oundation for
Water ResearchHWR criteria, asusedextensivelyfor coastaland estuarine modeltadies
(Foundation for Water Research, 1998Bhe guideline$or requiredperformance at the vali-
dation stageare summarised from the report as follows:

1 Levels to within ~0.1 m

1 Speeds to withi/-0.1 m/s

i Directions to within #10°;

i Timing of high water to within/+15 minutes

Alternatively some of these criteri@an be considereth percentage termsalthough these
ONAGSNAI |NBE fSaa 02YY2y(paiticutmly oRwatenfevelsK S & NA G S

i Speeddo within +/-10-20%
1 Levels to within 10% of spring tidal ranges or ¥%eap tidal ranges.



In generalthe writer would question the accuracy of the model predictions ofkbghydro-
dynamicparameters against tree FWRcriteria, and for the reasons that follomm this sup-
section In the 8 N (espBid@ricemore accurate model predictionsould be obtainedor
water elevations and tidal currents if morefinedrepresentations of thé&eyphysical param-
eters in the governing equations weirgcluded andas outlined in the following subections.

To highlightsome examplesf the level of accuracy of the model predictions relativec&hi-
bration datatypical example¢randomly chosergre giverfor the PortobelloLong SeaQutfall
study:for high tide water level differences and timsigespectively{i) Figure 11.C.4@t Selsy
©0.33m (> 0.1 mnd® 58 mins (> 15 minsfii) Figurell.C.38, at Hastings0.3 m (3 0.1 m)
and® 40 mins (35 mins) (iii) Hgure 11C33, at Brightor® 0.16 m (0.1 m)and® 50 mins (>
15 mins) likewise for current speedgiv) Figure 11.C.1%t E536° 0.22m/s (> 0.1 m/s)(v)
Figurell.C.16 atD 536° 0.22m/s (> 0.1 m/s)(vi)Hgure 11.C.18, at Y045° 0.33 m/s (> 0.1
m/s). These are sonabitraryrandom points choseusing neap tid@redicted andneasured
dataused to compare the water levels, tindéferences at high tideand tidal current speeds
with none of these examplebeingwithin the FWRrameworkfor peak comparative differ-
encesLy G(KS 6 NAGSNDE IBordrdSehmdmBdel@splicatids foSarangeyott A &S
coastal studiedt is common to see compliance with the FWé&meworkparticularlyfor water
elevations and timegof high tide, but &en there can be nortompliancefor current speeds
andespecially in shallow water.

Part of the reason for a lack of compliance with the RvdRework is that the comparisons
have been primarily made against current meter, tide gauge and Admiralty chart data, which
are generally not usedlonethese days for model calibration and validation. More often field
data are gathered synchronously acsdhe domain using a suite of ADCPs (Acoustic Doppler
Current Profilers) to provide continuous data at key sites across the domain, including at least
one profiler located along one of the open boundaries.

Recommendation: 3

It is recommended that at theadliest opportunity a field monitoring programme is undertaken

to measure the key hydrodynamic parameters, continuously and synchroradisgyeral (ca.

6) key sites across the domain. This should first be donectlibgate and validate the coarse

grid model and, at a later stage, undertaking a further field study using ADCPs to validate the
finer grid modes in the shallower bathing watersvhich is cruciaL y G KS & NA G SNID &
there is scope for improving the accuracy of the mpdatiictionsto meet the FWR criteria,
particularlyregardingtidal phasingand therebyleading to more confidence in the model pre-
dictions

Note: The writer understarsdhat Southern Water will review existing hydrometric survey data
and where necessary commission further hydrometric surveys to provide a complete set of cal-
ibration and validation data for the reonstructedVIIKE 213.

For the finer grid modelthesewere typicallynested at 500 m, 250 m and 125imregions of
particular interest, such as in predicting theach bathing wateFlOlevels arising from a
storm water overflowor long seaoutfall. In terms of the nestd models the writer hashree
key concernsincluding:(i) the grid resolution of thénest grid, (ii) the patching between the



grids,i.e.,from the coarse to the finegrid models and (iiithe transfer of boundary data from
the larger to smaller gridrad vice versaand particularly where the grid orientations differ

In considering first the grid resolutioh Y G KS & NA& (i § NI areafiskicgiel eBoS y O S
lution should in the first instancebe used to address thmain objective of thenodeling
studies In this case the main objective of the stuapsto assess the impact of existing long
sea outfallson the water quality of nearby bathing waters and to identify whether or, fat

a givenset of conditiondrom an outfall discharge, and witAn assumedoncentration level
of E. colandor Intestinal Enterococci (IBhichexceeds the Bathing Water standamaisspec-
ified in the EU Water Framework Directiv@ssummarisedn Table I(EU Water Framework
Directive, 2013)For the case afhe Portobellostudy, the location of the southern boundary
is just ovet6 kmfrom the outfall locatiorand with Beachy Hedaking just over 2 km from the
headland.Thewriter would have moedthe eastern and westerboundaries of the finest grid
modelto the locations of the boundaries of tt#50 m grid, and the southern boundary to the
nearby 090000N Ordnance Datum locati@&ymoving both the eastern and western bound-
aries further out would havenore accuratelyconservednass and momenturiransferat the
coarse tdfiine gridinterfaceboundaiies This would haveeduced any possibility of the outfall
plumereaching close to the boundary and where the hydrodynamic paramaetre often not
predictedwith the same degree of accuracy as compared to the rest of the model

The writernow understandthat Southern Watenow hasalicencefor the unstructured MIKE
21/3 model and is about to implement its use. The boundaries of this model will contain the
model plume from all locations in the Southern Water area.

In particular, thesd NJ& (expliEnge of participating inumeroussimilar studiegundertaken

in the UKand internationally has indicatedhat the 125 m finest grid resolution strhodel
wastoo coarse especiallyin being abldo predict the occurrence of nearshooemplex flow
structures, such atidal eddies, which can significantly affect thearshore bathing water
hydrodynamic and water quality process predictiolss appreciated thain the 1990s com-
puting power was much more limited than the resources available with current day powerful
workstationsand even laptopsnevertheless grid solution can be critical along nearshore
bathing watersn predicting complex hydrodynamic processes.

Tablel. Bathing water standardsU Directive006

I Enterococci E. coli Percentile

Classification | (+f/100 ml) | (cfu/100 ml) | Evaluation
Inland Waters
Excellent 200 500 95
Good 400 1000 95
Sufficient 330 900 90
Coastal and Transitional Waters

Excellent 100 250 95
Good 200 500 95
Sufficient 185 500 90

An example of the need to ensure fine grid resolutiorthe nearfield coastal zone was illus-
trated in a bathing water compliance study undertakey the writer in supporting a
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consulting company it991, andas illustrated in Figure Here it can be seen that for the 333
m grid resolutionin the figure to the left, the current is generally parallelo the coast and
illustrates te plume from the desigaf a900 m long outfaladvecting away from the bathing
water andin a north westely direction. However, when the resolution was reduced to 75 m
and grid dependency checkgthe model predicted strong tidal eddies along the bathing wa-
ters and the predicted faecabliform concentrations along the North Beach at Whitby were
predictedto continue to result in norcompliance with the 1976 EBathing Water Directive
(BWD) To overcome thigredicted continuing noftompliancewith the BWDthe outfall
length was extended to 1,600 m, beyond the recirculating zones along the eodstereby
leading topredicted compliance at the norther beach and as shown in Figure 2
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Figurel. Predicted tidal currents at Whitby using a grid resolution of: (a) 332
and (b) 75 m. Note the significant difference in the predicted nearshore cutrre

EXISTING OUTFALL

* 4
1600m OUTFALL O F

|~
:
K2
2

2%
SRR
RRRLEIRHKKS 3
ot oa oo e tatotereteseses
R RRRRRE
RN

& 905

RN
30K
<
355
IR
CHIRHARRL,

RRRIIERKRRRRK,
QRRRERS
3505
RN
IRRRHLLES
% 205
% 3%
QRN

e
25353555

e
25

9%
QX
QRRERHS
23IIRERRRS
SRR
25

o
%
o
%
o%
%
%
0%
X
%5
%

%
2

e
005058

7
&
<
<5
3,

.
2
35
X

Figure2. Predicted faecal coliform levels along Whitby bathing waters at low spring tic
(a) existingoutfall, (b) 900 m long outfall, and (c) 1,600 m outfall (Green > 100 cfu/1(
and Blue > 2,000 cfu/100ml).

Recommendation: 4

It is recommended that for improved accuracy in the coastal bathing waters, in addition to
switching to an unstructured grid model (as advised@ésommendation )i, the minimum grid

resolution should be reduced in the nearshore zones to typically &Adg maximum of 75
m, subject to grid dependency tests and-tumes.



Note: The writerunderstandgthat Southern Watenow hasalicencefor the unstructured MIKE
21/3 model and is about to implement its use. This model will have a refined grid asliistru
in nearshore areas.

In themodelling report by Southern Science L{flouthern Water Services Ltd, 199% grid
nestinghas been undertaken aesolutions 0500 m, 250 m and 125 from the coarseyrid

2 km model. Studies undertaken in the early 1998 o6& | t K5 addzRRSyd I
Bradford and supervised by the writgAlstead, 1994)showed that it was desirable to nest

(or patch) at ratis of 1:3 (i.e., coarse tme) or 15. In doing so thevater levels at theentre

of the coarsegrid match the centre of the middle grid square in the fine grid domain and the
bathymetry and velocity components in the coarse grid can be compared directly with the
corresponding vales around the fine gridquares adjacent to the coarse grid squarais
refinement to nesting is important in predicting nearshore complex hydrodynamic processes,
such as recirculating eddies in bathing waters etc., and has been extended further through
subsequenstudies by various authors, includitdashet al. (Nash & Hartnett, 2010)

Nash and Hartnett wendn to show that to conserve momenturfully, particularly alonghe
tangential directiorat the boundary thenW 3 K 2 & Wwere@&eflet! the@sure that the veloc-
ity and momentumflux along the boundaryvere also fully conserved. This is illustrated
their paper onboundary error reduction and illustrated in FiguséNash & Hartnett, 2014)

Recommendation5

It is recommended that if Southern Water decidedatinueusingtheir existing nested models
over the long term for predicting hydrodynanaied solute transpornprocesses in the nearfield
zones, then for improved accuracy the intermediate and fine grids should be nested down in
ratios of 1:3or 1:5 thereby ensuringhat the predicted data coincide at the centre of the
coarse and central fine ggdenabing direct comparisons to be made between the predicted
data in both grid sets and grid dependemalyerently tested

Note:The writer understands that Southern Watesw hasalicencefor the unstructured MIKE
21/3 model and is about to implement its use. The implementation of this model will obviate
the need for nesting.

(iv) Bottom Roughness Representation

For the bed roughness theonventional representatiohas been to use thanning rough-
ness coefficient in open channel flow as given by the following equédicsteady flowsin S
units (Chow, 1959)

~.
g

Y g YooY (2)

where"Y=depth meanfree stream currentt = Manning roughness coefficiers/fn*3),Y =
hydraulic radius, which for a wide chanif@hd coastal modelling) &pproximated tahe local
depth, and’Y =friction slopelL Yy N LINB & Sy (i AcyeHicieintht B imadrtahtiday-3 Q &
preciate that theterm is not dimensionless and therefore corrections need to be made to the
coefficient if using different notation to Sl units).



In the DHIMIKE21 suite the Manning coefficient is represented iteastraditional form,
wherein theManningNumber(0 ) isexpressed athe reciprocal of the traditionalepresen-

tation, i.e.,0 P ¢, where N has units ah3/s. This representation has been used in the
Southern Science modelling studies, using coefficigarerallyvarying from 3Go 40 m“3/s,
which would equate to traditionalManning coefficienwvalues 0f0.033 t00.025 s/ni/3, with
larger rougher values beingsed in the nearshoreoastal waters.

Although this approach is appropriate for riveesd where it isstill widely used, it is less
appropriate for coastahnd oceaniavaters where it is difficult taqquantify the choie of the
Manningnumber, or roughness coefficientelative to some physical parameters of the bed
morphology etc. (unlike rivers where extensive historical field data exists). Furthermore, the
Manningrepresentation assumes that the flomr@ugh, turbuéent flow and that the locahead
lossis dependent only on the size and characteristics of the bed roughnessyhare form
dragdominates(such asvakes in the lee afipples and dunes)However, for lovtidal velocity
flows occurringtypically along bathing watdseaches etg.Reynolds number effectsanbe
more pronouncedreflecting the increased influen@nd impactof skin friction i.e.,for flow
over sand grims. This complex hydrodynamic phenomensrincreasinglyised in compta-
tional coastal modelandcan be represented using the more comprehensive friction foreula
as given for example py the ColebrookWhite equation (Henderson, 1966and used in the

g NA ( S NXBalcofier, Ri§, & Kashefipour, 2005)

., © L0 m ok
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where 0 = de Chezy roughness coefficiei@®= local (timevarying) depth& = Manning
roughness coefficienfQ = Nikuradse equivalent sand grain roughnessd’Y = localReyn-
olds number, representing the relative mean turbulent characteristics of the fltwe.other
advantage in using the Colebro@¥hite formulation to repreent the bed roughness, rather
than the Manning formulation, is that the physical roughness param@ean be directly
related to the height othe bed features, such as ripples or dur@sthe beach bedrather
than based on a descriptive representatiof the bedfeaturesas for the Manning coefficient.

For the range of Mannin() values cited aboveand included in the PortobellbSO report,

then theQ values corresponding to the Manning coefficierasigeof 0.033to 0.025 s/ni’3
(or30t040M*k & dzaAy3a 51 LQa RSTA ywouldiegugte tBefuivdlenta | VY A Y
sand grain roughness heights@283 to 0.070 m (or 8.8to 7.0 cm) respectivey in a depth

of 2 m androughness heights of 865to 0.046 (or 36.5 to 4.6 cm) respectively in a depth of

20 m.However, it is not clear to the writer as to why tlalues of thebed roughnessare not

significantly highein the deeper waterelative to the muclshallower coastal bathing waters

This could have a marked impact on plume advection irstielower bathing waters

Note: The writer understands thail KS al YYAY 3 Q& VY dzYorSHeneswapt £ 0SS
datedmodekagainstanyadditional calibration datataking into accounbedformsand agree-

ment withhydrometricdata.However, the writer suggests that the b&mrms are first defined

in terms of an equivalent sand grain roughness height and then converted tolavaént

Manning coefficient or Manning number.

-10-



Recommendation: 6

It is recommended that Southern Water undertake observational assessments of the bed char-
acteristics along their bathing waters to estimate the approxim&@equivalent sand grain
roughness heights in the nearshore region. This will ensure that théamesg shear stress
included in the shallower waters is not higher than the bed characteristics which, in turn, would
lead to increased energy dissipation of the tidal currents in the model, particularly in the critical
bathing water areas.

Note:The writer understands that Southern Watesw hasalicencefor the unstructured MIKE
21/3 model and is about to implement its use. Model calibration and validation will be carried
out with the BGS gperficial sediment mapbeing used in futuréo informthe choiceof bed
roughnessvhere appropriate The writer recommends that these data are first converted to
an equivalent sand grain roughness height and thsed to estimate an equivalent Manning
coefficient or Manning number.

(v) Wind Stress Bpresentation

In coastal bathing water quality studigs K S ¢ NA 1 SNDR& SELISNASYyOS KI a

tation of wind stress effects can be significaparticularly in shallow coastal basins where
improved sensitivity can be obtained in 2D models using refined second order parabolic ve-
locity distributions(Falconer & Chen, 1991 his idestillustrated for modelling 3Delocity
patterns in an idealised coastal basin and a lake in Cunfikdayigit & Falconer, 2004dh

GKS 6NAGSNDNE SELISNASYOS Ay u5 KeRNRBReylYAO

the wind stress on the surfacegerally shows little impact in terms of the transport of efflu-
ent plumes unless the velocity distribution is represented in a more realistic manner, as evi-
denced by field data. Also, the coefficient of surface frictional resistance needs to be refined
to take account of changes in the interaction between the surface wind stress and the fluid
surfacecurrentbecause of changes in the wave characteristics on the surface.

T 0" ww (4)

wheret =wind shear stress in thedirection,0 = airwater resistance coefficient =air
density, @ = wind velocity component in the-direction, andw = wind speedIn general,
many model studieaudited by the writer tedate have assumed a constavalue for the ai
water resistance coefficier{typically 0.0026)However, the writer has found that theepre-
sentation of the air resistance coefficients developed from extensive field data hyroVide
a moreevidencebasedrepresentation of the complex interaction between thengiand sur-
face water in coastal and oceagraphic domaingWu, 1982; Wu, 1969)

8
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Ly GKS & N G SNiffieult B EepdSaniitte yinpadt ofaistrong wind on the advec-
tion of adischarggplume from an outfall in the region of coastal bathing watees the impact

of a strong wind (typically over 10 m/s) is to change the velocity distribw@way from the
traditional assumed logarithmic velociprofile. Nonethelessthe above representation for

-11-
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the air-water resistance coefficient and a refinemerittbe velocity distribution to a second
order parabolic representation can lead to improved predictions for bathing water imgacts.
is also worth notingand widely acceptedhat in openoceanicwatersthe surfacefluid cur-
rentscan be represented asfanction of thewind speedmeasuredat 10 m with correspond-
ing measuredsurfacecurrents beinghighly variable andypically increasd by 3%or more of
the wind speedfor winds in the range 80 m/s(Weber, 1983)

Recommendation: 7

Ly GKS gNRAGSNDaA SELSNASYOS (KS 6AyR Oly KI @
hydrodynamic andolutetransport processes. It is therefore recommended that the represen-
tation of the wind stress effects on the variation in the trajectory and physical characteristics
of the discharge plumes are investigated in more detail, particularly regarding the imipact
larger winds (ca. 20m/s) on the surface velocitieBhis can be done through documentation

of the treatment of the wind stress representation, including its impact on the assumed vertical
velocity profile, and how the vertical diffusion and dismersioefficients are refined to ac-
count for increasing wind velocitieBhe writer questions the implication that windlocities
exceeding 5 m/s in the data relating to Beachbuoy do not ledda®asedconcerns about
bathing water quality riskand clarfication on the wind representation could lead to more
confidence in the assumption that a wind speed of 5 m/s is the peak critical wind velocity

Note: The writer understands that simulations have already been undertaken with higher wind
speeds and tl results of these simulations will be included in Beachbuoy in thetshortin
addition, the writer understands that Southern Wateow has a licenceor the unstructured
MIKE21/3 model and is about to implement its usk.is understood that additional runs will

be undertaken to evaluate the impact of higher wind speeds on wind dispersion and diffusion
in the updated model.

(vi) Eddy Viscsity and Turbulenc®epresentation

Ly GKS oNARGSNDRAE SELISNASYyOS 2yS 2F (GKE@dal Se LI
elevations currentsand diffusion-dispersion processes of solute transport fluxedathing
waters is the eddyigcosity and the representation of complex turbuldiotvs, particularly in
relatively shalloncoastalwaters.In the current model being used farodelling the turbulent
stresses in nearshore bathing watetise simplest constant eddy viscosity approach is
adopted. This has two key disadvantagedefivering @ accuratemodel for predicting near-
shore processes. Firstly, the approactbasicand a gross ovesimplification of a complex
hydrodynamic process; even in tlsmplestcase of uniform flow in a stight channel we
know that the turbulent eddy viscosity is a function of both the mean velocity and depth, with
both parameters changingignificantlyin the nearshorecoastl zone. Secondljgy assuming

a constant eddy viscosity then tlgeadient of theeddy viscosity is not included in the govern-
ing equations used in the modetlith the simplification being shown for thedirection below:

-3 - —Ef — — (6)
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wheret = depth averaged eddy viscosiand Y= depth averaged local velocity. Whilst the
change in the eddy viscosity in the longitudinal directfpe.,—1 ) is often relatively smadl
this is generally not the case for the change in the eddy viscosity iatém@l direction.

In mostrecently developednodels,more refined and accurate turbulence models are in-
cludedin the model to predict shallow water flows and particularly tielg to predicting re-
circulating flows, such as tidal eddies. Such eddies can adveirhjbetory path of a outfall
dischargeplume towards bathing waters, as shown in Figuredd theeby affecting the
modelpredicted bathingvater FIOconcentrations.

For improved turbulence model predictions masbdel studies include increasingly refined
and improved turbulence models, the simplest of whighsincluded in the DIVASDepth
Integrated Velocities And Solute Transpartddel (as developed by the wrifeand used ex-
tensively for bathing water studies in the period.1986-2006 (Falconer, 1986 his model is
based on the original work of Elder pipes(Elder, 1959and refined by Fischet al. (Fischer,
List, Koh, Imberger, & Brooks, 197&) free surface river flows to give:

6 °YO0 (7

whered = eddy viscosity coefficient (typically = 0.1%),= shear veIocit;(:L where Q=

gravitational accelerationY = free stream current speed, aritd —— where C = Chezy

roughnesgoefficient,”O= local depth an@ = Manning roughness coefficiettowever, field
data by Fischer et al. (1979) showed tfatthe eddy viscosity coefficieevena typicalvalue
of 0.15is low compared to measured data recorded in rivansl nearshorecoastal waters

with values fo— typically ranging from 0.42 to 1.6In more recent studies by the writer
the coefficient in equation (7) has been increased from 0.15 to typidallyormore.

In themodelstudies undertaken by Southern Sciente it appears that aonstant value was
assumel across the domain givirig =1 n¥/s for all studiesHowever, for the Portobello Long
Sea Outfall study, assuming a locaandepth of5 m, a typicalcurrent & Site 2 (nearest to
the outfall)of © 0.5 m/s(peak) and a Manning roughness coeffici€@n®.03 (N = 3B then the
corresponding value fof would be0.18 n¥/s. In 50 m of water andisingthe same values
for Y and¢, the eddy viscosity becomes24 n#/s, i.e.,nearly 7 times largein oceanic wa-
ters where the depth is increasdd)-fold. Thus, using a conservative and relatively large value
for the eddy viscosity coefficient in equation (7) of 1.0 (compared with 0.15), the typical value
of the turbulent eddy viscosity .18 n¥/s as compared with 1.0 #fs. This would suggest a
reducedturbulent eddy dissipation horizontally and thereby a reducedeaping of the
plume, as discussed in the next section.

For completenessurrent modelling studies bgpecialistCFDcompanies etc. have often in-
cluded more sophisticated twequation turbulence models, such as the widely uke=(or
k-1 ) model. More recentlfiner grid resolutionopen sourcemodels have been developed
such as Opeifroam(OpenFoam, 2023)singmore sophisticated Large Eddy SimulatfbRS)
based turbulence modelsuch as the Smagorinsky mo@d&magorisky, 1963; Aval&atino,
Neethling, & Piggott, 2023; Rodi, Constantinescu, & Stoesser,.201Bse modelthe eddy
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viscosityis parameterized to the sulgrid scaleshearstressby filtering thevelocity fields and
linking to the locagrid size for examplgWikipedia, 2023)

t Ve —. L@ pL YT ® ®)
T w Tw ¢cT ! w

whered =dimensionless coefficient, evaluated from model calibration and with typical val-
ues 0f0.176(Abbott & Minns, 1998YcfYw= local grid sizein the x, y directionsand Y=
depth mean velocitgomponents in the xy direcions respectively.

Recommendation: 8
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2, it would appear that ithe nearshore coastal waters an eddy viscosity value of/4d may

be relatively large and that a value of typically 10% of that currently used would be more real-
istic. A lower eddy viscosity will reduce turbulent diffusion in the bathing water zonewaldd c

lead to maintaining a higher concentration of FIOs within the advected plume. It is therefore
recommended thain the futureat least a oneequation turbulence model be used to estimate

the turbulent diffusiorprocess particularly across the fine grdomain.

Note:The writer understands that Southern Watesw hasa licencefor the unstructured MIKE
21/3 model and is about to implement its use.eTthplementation othe eddy viscosity in this
model will be considered carefully includuse ofthe Smagorinsky formulation.

(vii)  Diffusion and DispersioRepresentation

Regarding the transport dflOsfrom an outfall to nearshoréathingwaters, or elsewhere
within the domain, the model includes transport by two key processagnely: (i) advection
by the current, and (ii) spreading of the plume by shear dispe®orand turbulent diffusion
(O). For the turbulent diffusion of a solute particle in therizontal flow field then the
transport is similar tahe diffusion of turbulence in the flow, i.e., the solute part&deetrans-
ported by the turbulent perturbations. This gwa diffusion coefficient, similar to that for the
eddy viscosity in equation ({fralcamer et al., 2005). Likewise, for tlwverticalturbulent diffu-
sionof a solute, and in the absence of stratification and field détes commorto assume a
linear shear stress distribution and a logarithmic velocity profile gitingra, 1993)

~ a
o Mlép (9)

where’O = vertical turbulent diffusion]¥ = shear velocity|l = coefficient (= 0.4), and =
vertical ceordinate relative to the depthics

For the longitudinal dispersion term represented by the shear velocity distribution, both in
the horizonal and vertical plangthis can be expressed in a similar manner as for turbulent
diffusion term ofequation (7)giving for two-dimensional coastal flon@reston, R W, 1985)
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whereO HO HO KO = dispersiordiffusion terms in thexx, yy, xy and yx planes respec-
tively, andO = wind induced dispersion coefficienwith the other termsbeing defined pre-
viously.For values 0D and Dy, these dimensionless constants can be obtained from field
data, or alternatively minimum values can be obtained by assuming a logarithmic velocity pro-
file, whereinfor theoreticallybased studie®© = 5.93 (Elder, 1959) arid = 0.15(Fischer,
1973) However, in practical studies these values tend to be rather low (Fischer et al, 1979),
with measured values & andD: ranging from 8.6 to 7,50@nd 0.42 to 1.61 respectively. In

the absence of field data, undertaken in the form of extensive digpersion studies, the
writer has found that the most accurate results have generally been obtainetie DIVAST
model usingtypical values ofO = 13.0 and> = 1.2(Falconer, 1991)

Using thesame values as for the previous section in estimating typical vdtué® for

depths of 5 m and 50 m and forA T dvelocitycomponentsof 0.5m/s andzerorespectively
andfor a Manningroughness coefficiert 0.03,gives, for deptsof 5and 50m: 0 = 2.34
m?/s and15.90 ni/s respectively. These values show how the dispersiiffasion coefficient
varies with depth ands significantiarger than the rangef 0.1-0.25 n¥/s cited in the Porto-
bello Lorg Sea Outfall repor(Southern Wagr Services, 1995).

Recommendation: 9
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bathing waters the range of dispersiaiiffusion coefficients of 0-0.25 n¥/s is relatively small

and that a value of typically at least an order of magnitude greater would be more realistic.
Furthermore, the dispersiediffusion coefficients in analytical and idealised flume laboratory

studies are strongly dependent on the protiaf thelocalvelocity and depth, and it is recom-

mended that thesolute transporimodel should be refined to include velocity and depth effects

and the gradient of the dispersidatiffusion coefficients should also be included in any future
modelling studes.

It should also be noted that wind stress effects can be significant in dispdifimion process
representation (i.e/D in equation 10) and these parameters will increase with wind stress
effects, and particularly for high winds. These addaicstress effects should alsoibeluded

in future model studies, ideally basedaocity profileparameterisations reported in the lit-
erature

Note:The writer understands that Southern Watesw hasalicencefor the unstructured MIKE
21/3 model and is about to implement its use. This model will be validated adpaiogant
dye tracing data and depth and velocity effects will be carefully considénsdalso under-
stood thatadditional runs will be underta to evaluate the impact of higher wind speeds on
wind dispersion and diffusion.
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(viii) Decay RatdRepresentation

The final variable parameter dependent on field and/or laborataya in the governing hy-
drodynamic and solute transpogquations inpredicting the transport ofFIOsis the decay
rate. This term is expressegknericallyn the formof a variabl€é®with units oftime™, where

the time can be in seconds, howsdays depending on the time scale of the project simula-
tions.However, irthe most widely used computational deterministic models used for predict-
ing the decay rateof FIOsin bathing watersthe parameter is generally expressed in hours
and in the fom of a"Y value(Guilland, Derrien, Gourmelon, & Pommepuy, 1997 corre-
sponding relationship betwee®and"Y is given as:

1O
"y C—Q (11)

where”Y =time required for the concentration to reduce by 90% &@d kinetic decay rate.
In field and/or laboratoy measurement studies the value of is usually cited in terms of
hoursand a typical data set of mearements for theRiver Ribble and Fylde Coassins $
shown below(Kay, Personal Communication, 2015)

Table2. Measured variation in decay rates for different bacteria and water salinities

Mean Mean Mean Total
Ty (Hours) Tgo (Hours) Irradiation
Irradiated Dark Dy, (MJ m-2)
. coli
Freshwater 68 13.61 **355.51 6.65
Estuarine 32 8.56 *30.64 5.17
Saline 20 2.33 33.77 1.41
Intestinal Enterococci
Freshwater 68 14.87 65.70 8.99
Estuarinet 32 11.08 84.63 6.70
Saline 20 4.98 57.39 3.01

In the Portobello Long Sea Outfatudies,adispersion sensitity analysis was undertaken for
a’Y decay rate of 1thrs, which is relatively conservative in comparigonthe measured
valuesfor saline watelin Table 2, but for a different site. Howevaf effluent is discharged
from the long sea outfall at nighthen the™Y values will be considerably higher and peuti
larly in estuarine waters. Thisffect on model predictionss illustratedidealisticallyin Figure

3, which shows two identical releases ofanbitrary concentration at the domain limit for the
two rivers flowing into Cardiff Bayhilst this screenshdrom lecture notesoverlyhighlights
the impact of varying decay rates the receiving water downstream concentration distribu-
tions of faecal coliformghe resultsalsoshow thesignificance and importance of considering
the impact on bathingvaters d night-time, as well aslay-time, releases frommoutfall.
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Figure3. Model simulations of faecal coliform coartration distributions
in Cardiff Bay for different decay rate duringght-time andday-time.

In modelling studies being auditexthd undertakerby the writer since the miell990s most
bathing water compliance studies have considered decay rates whighat least between
day and night and the time of release has also been considered. More recmtdl studies
haveincludedmore complex and refinegepresentatons of the kinetic decay of bacteria, such
as the Mancini equatio(Mancini, 1978)given as:

§O)

QT T@EY psry Yo

p Q (12)

where Q=decay rate|Y= percentage of seawatety= temperature,O=average daily surface
solar radiation;Q = light extinction coefficient, andD=total mixed depth More recent stud-
iesby King et al(King, Ahmadian, & Falconer, 202hye refined the3D TELEMAC model to
include complex representations of the decay rate for faecal bacteaised on detailed stud-

ies for Swansea Bay, undertaken3igpleton et al(Stapleton, et al., 2007a; Stapleton, et al.,
2007b) These results show significant differences in the depth averaged values predicted in
Swansea Bay using the 2BELEMA@odeland the depth integrated 3ADELEMCmodel, see

King et al., with typical results shown in Figdrfer the 2D and 3D model predictions.

The results from this studyy King et al(2021)show the increasing need to modelOcon-
centrations alongoathing watersusingthe followingrefinements (i) 3D simulations in the
nearshore bathing watersvhichshow significant concentration differensbetween the sur-
faceandnear bedrFIOconcentrations, with the bedoncentrations being highdor this study
siteandtherefore having more impact on shellfish health riskg fine grid resolutions, down

to 50 mgrid sizan Figured; (iii) including all the key CSO and riverine inputs in the simulations
(iv) including time varying decay ratgw) including moreepresentative turbulence and dif-
fusiondispersion coefficients (varying at least with velocity and de@hil {i) including ex-
tensive field data of hydrodynamig, coliand Intestinal Bterococci data along the bathing
waters for model calibration anderification.
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Recommendation: 10
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dependent on the values included in the model for the decay rate. This process is highly com-
plex and dependent on a range of variables, requiring intensive field data for several parame-
ters for accurate and tmust predictions. However, whilst much of these data are expensive
and labour intensive to collect and analyse, it is nevertheless advised that the key variations in
day- and nighttime decay rates are included in model studies, and simulations are ukeerta

for both day and nigh-time outfall releases. Whilst the values currently used §od@&cay
ratesare deemed to be conservative, nevertheless experience has shovkeyhstakehold-

ers, including the publigre more reassured when different decayesaare included in any
reaktime modetbasedwater quality signage.

Note: The writernotesthat current decay ratessed areconservative when compared to val-
uesmeasured fothe River Ribble and Fylde Coastlunderstand that in the revised model
the use ofday- and nighttime varying decay rates will be considered.

E coli
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Plume from Tawe 300 to 400
| 200 to 300
100 to 200
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— Water depth =0.05m

(3) swansea Bay DSP

(b) Swansea Bay DSP

i Aberafan
\ A DSP

Figure4. Comparison oE. coliconcentration distributions in Swansea Bay using the St
ton et al. decay function in a 2D and 3D model, with 3D predictions averaged over ¢
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3. General ModelConclusions

Southern Water are to backnowledgedor providingtheir stakeholders ang@ublicconsum-
erswith informationabout the duration and timesf plume discharges from their outfalls and
assets. Howevein their approach to moddhe impact of storm overflow releases on their
bathing watergpredictions areurrently madeusing a series of coastal models (nested within

a coarse grid modgwhich predict the keynydrodynamicand solute transport processes

inform on the E. coliconcentration distributions from th& 2 Y LJI lghg €& outfalls and

other assetsThe confidencen the predictions ofE. coliconcentration distributions in the

O 2 Y LJI bathiyavater zonsis therefore dependent on the setup of the coastal models,
and the corresponding process predictions amefficient valuesised. The models are also
dependent on the quality of calibration and validation datdis approach is to be com-
mended, but the witer is concerned abow number ofissues relating to the coastal models
andthe calibrationand validationdata, based orextensiveexperienceon similar projectsin

0 KS ¢ NR (O Sheinddel grediktifrie@uid belsignificantly improved and/or madere

robust in the future,wherein the modebpredictionswould increase stakeholder and public
confidence in enablingB&aK 6 dz2& (2 o6S dzaSR Fa I Wt NERAOI
AYRAOIFGA@GS (22t & | &dzY Yl NEmit#ichs of tkeSoastaNdodeS N &
and the dataused etcare gven below:

1 The oarse2 kmgrid modelis generallyfine, but the nested modelgaise a number of
concerns, including: (i) they are not nestading conventional approaches by nesting
down 3:1(or 5:1), wherethe central fine grid cell coincides with the central point of the
coarse grid cell, thereby allowimtirect comparisons of water levels and solute levels at
the centre of both cells; (ii) no refence is made to boundary cellstaadherefore diffi-
cult to seehow tangential momentunis conserved fully across thene grid boundaryg
this can beparticularly criticain neashorecoastal waters where large changes in depth
may occur (such as the Solent); and (iii) some offithe grid nested domainsra not
orientated along the same plane abé coarse grid model, thereby introducing further
mass and momenturnonservationcomplexitiesacrosshe fine gridboundaies.

O —

f Thefinegridmodehy GKS ySaidSR Y2RS(t éoastlirfesyygically 2 dzil K S

125 mminimum.In the experience of the writelof nearshore coastal waters this is too
coarse a grid size for predictisgmplexhydrodynamic processes aidO concentration
levels in nearshore bathing waters. Such a gize@areais more thantwice the area of a
standard football pitcH105 m x 68 mand too coarse to pick ugharp changes in the
bathymetry and spatial changessnch processes &srbulence, dispersion and diffusion.

1 Few details are given in the repoxia the @libration and validation data, bwelocities
and water levelsare based on current measurements using a current meted Admi-
ralty Chartand portdata. There are also limited data acquired in the critical nearshore
zones. In thepinion of thewriter more sophisticated data are needed using ADCPs and
coastal zonee. coliand Intestinal Enterococci datand ideally along transectiocated
normal toa preferredbathing beach Thevalidation comparisons are generally fair, but
the lack of closegreement inwater levels, both at peak tides anlde disparity in the

GARFf LIKIFaS 0a2YSiAYSa 2F GKS 2NRSNI 2F |y

on other studies water elevains and tidal phasing generally agree very closely with field
data atalmostall monitored sites. Many of the comparisons between tmedel pre-
dicted and fieldand Admiralty Chartlata do not agree withthe Foundation for Water
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Researcli1993)guidelineswhereas in most model studies recently auditedthe writer
the level of agreement is generally withimese guidelinesparticularly in deeper water
(ca.>5m). In general, and compared similarstudies, the level of agreement between
both sets of dta is reasonablewith scope fomuchcloser agreement giving more confi-
dence in the model

2 KSNBE (KS OK2AO0S 2F (KS alyyAy3aQa ydzyo SNJ K
site referenceevidence needs to be acquired to confirm thlzange It is therefore rec-

ommended that a sitgisitis undertaken with the specific objectieélooking foreasons

as to why the roughness has been changedariouslocations,e.g, do the bed charac-

teristics change in the region from sand to rock or gravellets also understood than

the future Southern Water plana usethe BGSuerficial sedimentdyermapsto justify
OKIFy3aAy3a GKS al yyAy Jderass tiedsmahiNI | § O NR 2dza a

One of theg NA G S Ndbriern¥ is the/representation of theémd stressand theway it
changes the surfaceurrents as well ashe vertical dispersion andiffusion processes
In 2D modelling it iglesirableto link the wind stress t@an assumedverticalvelocity dis-
tribution as highemwinds ¢ particularly crossvinds ¢ can have a significant impact on
surface plume trajectoriesThe wind stress is proportial to the square of the wind
speed and therefore a wind speed of 10 m/s will increase the surface shedgsfold
compared to a wind speed of 5 m/s, ahyl 16-fold for a wind speed of 20 m/s.

Another key concern is thepresentation othe physical processes tirbulence diffu-

sion (i.e., the transport of particle/solute by turbulencén the flow) and dispersion (the
differing transport rate of a solute through the water column as a result of the bed and
wind shear inpacting on the vertical velocity profilee., a particle/solute will move much
faster near the surface of the water column-aisis a particle/solute near the bedhese
processes have been muotier-simplifiedin the model compared to widely used mdde
GAOGK GKS SGNAGSNDaA Y2RSft a ragia bakRds yha eadyY LINE O
1980s.The current representation of these processge®xpressed as a constant (often
referred to as @D model), but even in the simplest case these processes arerkto

be functions of at least the local mean velocity and depth. Furthermoyeassuming
constantvalue for theeddy viscosityanddiffusion and dispersion terethen the spatial
gradient of these termbas inherentljpeenassumed to be zero and such gradients could
have asignificant impact opredicting tidal eddies angdlume trajectoresin nearshore
coastal watersThis is thought to be potentially critical by the writer in the Solent waters
andthe narrowentrancedharboursof Chichester and Langstone

In the reports providedo the writer there seems to be limited information abo&#O
inputs from the EDM dataand iiverine dischargedit is difficult to make health risk as-
sessments from just information on time and durationdi$charges, particularly CSO
data. Furthermorebased on the work of Kay et @8ay, et al., 1994; Kay, et al., 20844
WHO guidelines it appears thabmeother water companies across the UK areesti-
gating Intestinal Enterococ¢iE)impactson bathing watersand includinglEin coastal
models as well aB. coli! £ § K2dzZaAK y 23 Iy SELIS Nlimpressioni KA & ¥
that IE is increasingly becomiagpriori for assessing health risk in bathing waters. The
Water Quality Expert reviewing these studies is known by the wfiemg with many
others) to be a leading international figure in this field. It tHere seems appropriate to
the writer for Southern Water to commence andepth field monitoring programme of
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IE as a key FIO, as well as more intensive hydrodynamic field monitoringsitagaur-
rent reliable and accurate monitoring equipmestych asADCPs.
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4. Responses t&outhern Water Beachbuoy Questions
(i) General

CAdNIKSNJI 2 GKS LILRAYGYSY G 27T (okeSLIGadaieS NJ |- &
&y AYRSLISYRSy(d laaSaavySyid 2y GKS OdaNNByid . St
reliable and credible near reéime warnings of potential water qualityimpacts from storm

overflow release§ and thegeneric comments made iBections 2 and 3 of this report, this
aSOGA2Y LINPOARSAa (GKS gNRGSNDRA lFaaSaavySyid 27
asked ora number of points relating tBeachbuoy. These responses gpdit into 6 sections,

including:(i) Human Health Implications, (ii) Review Process and Sy&tgmutomatic Re-

view Procesqjv) General Modellinglv) User Engagemerand (vi) documentationOnlythe
guestionsrelevantto the coastal modelling studiegere provided to the writefor comment

08 {2dziKSNY 2| §SNB®RnsO2yadzZ dFydaz ylFYSte

(i) Human Health Implications
1. Beachbuoy (BB) compliance with current Government Health & Safety Legislation

The writer has limited experience in answering this question and particularly in comparison

with the expertise of thabV2 | G SNJ vdzt t AG& 9ELISNIQ 066K2 Aad Ay
pertise in this field)Howeverbased oni K S ¢ ékpeiieBdeIf dvdiing with water quality

experts ona numberof comparableprojectsfor other water companieand similar tudies,

the writer would make the following comments

1 It appears from the internal Southern Water report providem the review group
(Southern Water, 2023ahat Beachbuoy isomplant with the Government Hd¢h and
Safety Legislatiom terms ofE. coliwith a warning being issued if the predicted concen-
tration exceeds 500 cfu/100l at the bathingwvater sites. However, it is not clear tthe
writer if Intestinal EnterococdiE)isto be predicted in the same way as there is limited
reference to IE in theoastalmodel stud/ reportsprovided.

Note: The writer sinceunderstands thatnodelling ofintestinal enterococci is currently in
progress and will form part of the Beachbuoy analyses in the future.

1 Based on the Southern Waté023a)report cited abovethe comment is made that I
time series of FIO concentrations were extracted from the cdastadelling results-a &
For the reasons outlinedhiSection 2 of this reporthe writer is concerned about a num-
ber ofkey hydrodynamic andolute transport processeand coefficientdeingover-sim-
plifiedin the coastal modelling simulationdhilst theFIO concentratiopredictionsmay
not change significantlwith improved physical and biological process representations
the representations and parametersirrentlyused in{ 2 dzi K SNy 2 Inio§eNDa O2 |
areparticularly vulnerable tconcerngeing raisedbout the reliability of the model pre-
dictions.

1 More bathing water data areneeded to supporthe assessment ofthe bathing water
guality against Government Health and Safety Legislaktmre data arerecommended
particularly in the form ohearshoredata, for future applications of Beachbuoy, so that
more confidence can bacquired in the parameters used the coastal modelsin
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particular, themodelsneed to becalibrated and validatedgainsthydrodyramic and FIO
field datain the regiors of mostconcern, namely the bathing water

Recommendation: 11
Ly GKS 6NAGSNNDE SELISNASYOS F2NJ Lye O2Fadlft
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coastal model uses the latest developments widely used withimthestry, such as an un-

structured grid, a finer grid resolution, improved representation of turbulence and dispersion
processes and parameters, and a more realistic representation of wind driven effects. Any Pre-

dict and Protect tool should use stadéthe-art modelling tools for assessing health risk im-

pacts.

Note:The writer understands that Southern Watesw hasa licencefor the unstructured MIKE
21/3 model and is about to implement its use. This model will have a refined grid structure,
an improved representation of turbulence and dispersiffusionprocesses andresumably

a more realistic representation of wind driven effects.

2. Identify ALL Cimmstances where BB users are not receiving RED warnings when they
should be! Is this a problem for BB users?

The writeris particularly concerned about the representation of wihiven effects and the
modelling of wind impact on dischargeplume using 2D coastal modelThe implication in
the results is that windiriven impacts abovabout 5 m/s have littidurther impact. A wind
analysis repor{Port & Coastal Solutions, 2023&pvides valuable information about the fre-
qguency of winds from various directionsyt no details have been provided as to how the
wind stress is represented in the 2D model, in particular, how the surface rghness co-
efficient and the assumed velogiprofile are refined for stronger windsg., over about 5
mis.LY GKS gNAGSNDA SELISNASYOS AlG A& RAFTTAOML
and dispersiorprocessesccurately in a 2D modelith wind effects becomingncreasingly
3D innature innearshore bathing waterand particularlyfor stronger winds It is therefore
more difficult to model accuratelyind driven effectsin shallow watersising a 2D model
with field data measure for Esthwaite Wateshowing velocitiedbeing closer ta second or-
der parabolic profilevisa-vis a logarithmic profilefollowing earlier studies by Chen and Fal-
coner(Kocyigit & Falconer, 2004b)

Basedon the Technical Note (2023} almostall sitesquoted in the notethe most frequent

winds are from the Sobivestand Wesb Ly (G KS & NJitivGiNBEsem B&sibiS NA Sy C
that the stronger winds from these directions, and an improved representation of wind stress
effects in the model, might well lead ®ED warnings not being predicted in Beachbuoy when
improved representatios of the processes the model may well advedbigher concentra-

tions of FIO$o the bathing waters.

3. ldentify ALL Circumstances where BB users are incorrectly receiving RED warnings whilst
there is no real threat. Is this a problem for BB users?

Based on the coastal models cemtly being used t@redict the bathing water FIO concentra-
tionsto provide the datdor Beachbuoy to interprett is difficult to confirmwith confidence
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if the predicted concentrations are conservative or not. For exampléhe opinion of the
writer typical values using improved representations of the dispersiord#fusion processes
would lead to larger (typically x10) values thased in thecurrentmodels The efect of using
larger values is likely to produce a wider plume, but with a lower peak concentr&tmm-
ever, he disadvantage of receiving RED warnbogsfrequently when not appropriateoften
resultsin bathers deciding not tpay too mut attention to the warnings; this experience has
been quite common in flood alerts.

Part of the problemn incorrectlyreceivingRED warnings that the sampling consists typically
of 1 spot sample on any particular daging takenby the EAasunderstood bythe writer,
whereas the model offers the opportunity of a time seriegkotolpredictions along the bath-
ing water.lt is noedthat the coastal modgbroduces time varying. colpredictions at algrid
points and the impacin Beachbuoys identified fromconsideration of the timeseries data,
which covers &2-hour period. Impacting sites are thosehich exceed thée. colithreshold
for one or more model timestepdut a finer grid model ofa.50 m grid size along the coast
would give more accurate predictions Bf colievelsalong the bathing beaches.

Forany information provided with the Beachbuoy tool it should be made clear that the health
risks along the bathing water are predicted only from inputs fromiSE SNJ 2 I 4§ SN a
Clearly Southern Water cannot be held accountableriputs fromagricultue sourcesetc.

5. Identify ALL undocumented threats to bathing waters examples to include:
- Lavant (Chichester Harbour),
- Bastney Long Sea Outfall (several bathing waters in Eastern Solent),
- Budds Farm (Chichester Harbour intermixing Wwéhgstone Harbour),
- CSOs in the tidal River Medina up to Newport impacting Cowes/East Cowes and Gur-
nard beaches.

The writer understandsthdt I g+ yi 2 g¢2 a4 AayQid AyOf dzZRSR Ay
ever, whilst the modelling carried out for other outfall impact investigations indicateglieat
Lavant WwTWsvould not have an impact on any bathing waters, it is understood that
WwTWs wilbe included in a refined unstructured grid coastal model to be set up in the near
future. Thewriter expectsthat these model studiewould then eliminatehe Lavant WwTWs

as a potential source of necompliance.

The writer understands that Eastney losga outfall discharges some XKih offshore into

the fastmoving waters of the Solent. The writer further understands that due to the location
of the outfall i.e.,at someconsiderable distance from Eastney Beach and the entrance to
Langstone Harbourt has not currently been included in Be&cloy. However, it is suggested
that it could be included in future coastal models. This would give some reassurance to all
stakeholders that it had been considered in the modelling.

Budds Farm WwTWs and tbatfalls have been included in Langstone Harbtuthe writer's
opinion the grid resolution in Langstone Harbour is too coarse and it is understood that this
basin will be modelled with a finer grid resolution in the future, giving more confidence in the
predictedfaecal bacteria concentration levels across the harbour and discharging out through
the entrance on ebb tides.
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For theMedina Estuarywhilst all overflows downstream of Fairlee are in Beachbuoy and have
been modelled, overflows upstream of thpsint havealsobeen modelled and found not to
have any impact on the bathing watarsing the current modeHowever, it is recommended
that these simulations are redone with improved coastal modelling process representations
and appropriate coefficientat some stage in the futurand with a finer grid resolution.

6. Identify cumulative threats from discharges within harbours/rivers/estuaries/etc where
ALL Blue Flag beaches are unexpectedly affectedVéest Wittering (from Chichester
Harbour outfallsand Hayling Beachlands (from Langstone Harbour Outfalls). Are these a
problem for BB users?

Ly (K S opmiNdaindSossadiorsimilarexperiencefrom related projectsit is desirable

that all the keypoint and diffuse source inputiischargingalong the bathing beachdsclud-
ingriver inputsandfrom semienclosed embaymenisuch as Chichester Harbgushould be
included in the coastal modeihcluding norSouthern Water iputs where availablesuchas

river inputs(including diffuse sources from agriculture etdhe writer understands thaall
Southern Water's key inputs aoeirrentlyincluded in the coastal modglalthoughit is noted

that theseoutfalls are not included in Beachbuoy if they are shown not to have an impact on
the bathing waters.The reasosfor the writer advising that akey point and diffuse source
inputsshouldbe includedn the modelare two-fold: () if there isan unpredctedfailure along

a bathing beach, and not identified in Beachiguthen in the experience of the writer key
stakeholders (includinthe publig are more likely to blamethe water companyeven if the
company is not responsible for the input; and (ii) ®oother water companies are already
including all keypoint and diffusenputs in their modelling studies, witeverahow alsousing

3D modelsSuch an example is illustrated below and where Dwr Cymru has included all the
knownoutfallsillustrated in Figure falong Swansea Bay, see King et al. (R0Rie resulting
predictions for theE. collevelsin Swansea Baysing the 3D coastal model asbown in Figure

4 in Section 2 of this report, with further details being given in King et al. (2021).

Figureb. All outfalls shown for the input location of CSOs and outfatisen
3D model of Swansea Bay (in collaboration with CREH and Dwr Cyn
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Note: From datarecentlyprovided to the writer it is clear that cumulativenpacts(including
{2dzi KSNY 21 G6SNRa aasSia lakrowbeangsSesbebySolthod a ¢ K
ern Water andhis approachis deemed to beppropriate and welcomedy the writer.

Recommendation: 2

It is recommended that sampling studies be commissioned If&elsource inputs to enable

all CSO, riverine and harbour entrance inputs to be included in the coastal models, with the
revised model predicted data then being filtered amdudedin BeachbuoyThis would allow
Southern Water to be able to confirm their net inputs to the system, e.g., by inputting riverine
E. coliand Intestinal Enterococci fluxes into the models at the boundaries, and thereby quan-
tifying the impact of their discharges relative adther source inputs on bathing water compli-
ance. By decoupling the inputs in the models and comparing the relative impacts would allow
Southern Water to prioritise any future capital investments relative to the corresponding im-
pacts.

Note: The writernow understands that Southern Water will investigate including third party
water quality inputs in the future

7. Identify ALL outfalls, anywhere on the Southern Water patch, that have yet to be linked
as a threat to bathing waters. The most recent exampleeel Common affecting Ports-
mouth (modified in 2021). Peel Common has been operational for decades. Are these
problematic for BB users?

¢ KS ¢ NR G S Niaquekkoa isiRe/sants adittat provided in the response to question

5.

8. Is the upper limit of 500 cfu/100ml a reasonable for Escherichia coli (EC) when most of the
83 bathing waters show EA testing well under 100 cfu/100ml during the bathing season.
Salzi KSNY 2 0SNJ aléa aAy 2dz2NJ I NSFX yn 2dzi 27
GAUK y2yS NIGSR LR2NED® {K2dz R GKS fAYAG 0S

The writer is not an expert in this field and the advice of the W@teality Expert (who has an
international reputation in this field) should laken in response to this answer.

9. Should the pathogen Intestinal enterococci (IE) be modelled in BB given EA sampling rou-
tinely shows IE significantly higher than E€, gomposite modellin®)

Ly GKS 6NAGSNNE SELISNASYOS GKS YIAYy F20dza 2¢
ards innearshore coastal and transitional waters has berik. colconcentrationsHowever,

with the growingengagement of citizens @2 f SR RYASPOGA ILBIPtBeS O & Q
clean river groups etc., there has alseen a growing concern about IE levels in freshwater

ol aAyad ¢KSNB Fepuderie ithisyhot SukpGsingsthalthie@ISEaapears to be

growing concern about IE in coastald transitional watersln the opinion of thewriter, it

would therefore be prudent to plan to include IE in the coastal modelling stuasasell as.

coli, with these data then also being included in Beachbuoy.
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In the Review Questiomocument,the writer notes thatsuggestions have been made as to
how IE could be included in the existing mtsjeising a simpleslationship between IE anf.

coli, and also using a higher constant @ecay rate of 8@ir. However, such an approach does
not include the effects of irradiance in daylight hours and does not take account of whether
the CSO dischargeccurs duringlay- or nighttime. As for the previous questiothe Water
Quality Expert is more experienced in being able to comment on thigiqunes

Note: The writer understands that Southern Water are planning to include IE in future model-
ling. Additionally, dayand nighttime decay ratewill alsobe consideredor inclusionin fu-
ture modellingstudies

10. Propose how BB could distinguish between discharges involving rainfall and discharges of
raw undiluted sewage caused by infrastructure failufgpically, i KSaS ' NS &R
JdzA @ SRE Y2 dzF t BIER 2 NI 4 | eiy. SEMINtRINGASEB8K (BaKHIIS. AMaybe
these should attract black or skull and crossbones icons?

Ly GKS 4 NR (tSeNRrdgeriallyiBoNtaib so@&s oéffluent dischargesf FIOs
into coastal watersThese include(i) storm exceedance of th& in 30 designgor similar)of

the WwTWSs, resulting in untreated effluent being discharged into the oufadlwith this
input primarilybeingcaused by exces® rainfall; and (iidiffuse source inputs, primarily from
agriculturesources or similaradded to the rivedue to high rainfaland then discharged into
the estuary. So far as the writer is aware there isrel@able method of distinguishinigp an
urban drainagemodel between rainfall and raw undiluted sewagaused by infrastructure
failure. However, thidistinction could be made by data collection of sewage effluent fluxes
into a river or coastline from CSO inputs and then subsequently including this information in
the coastal modelpost the eventThis appoach would not be possible to deliver in real time,
and thereforediffuse and point source inputs coub@ difficult toinclude in Beachbuoy in real
time, other than by monitoring riverine flows at the tidal limi&/here undiluted sewage is
discharged imt an outfallbecause ofan infrastructure failure then in the experience of the
writer this is more likely tarise when the rainfall intensity is eitheero or relatively lowThe
writer would therefore suggest that the potential to revise Bedtloy to include advice on
whether the release is the result of rainfall or equipment failure should be investigated and
if possiblejncluded in the next available release of Beawby.

In the Yhterim supporting information--—- Ay (0 KS WwS @A Sént, ijstaesitiiah 2y Q R
G¢KS Y2RStfAYy3 dzyRSNIF 1Sy Aa O2yaSNBI A @S¢
this report andin subsection(v) of this Sectionthe writer believes that thereare suffiaent
concernsreported about the technicalities and setup of the coastal models (particularly the

fine grid models) to question this statemewrtlternative terminology is suggested to be used,
suchasW¢ KS O2YLIlye KFa YIFIRS S@SNE |GdSymi d2 |
their coastal modelllng predictions, such as assuming that the entire wastewater load is dis-
OKFNBSR i o E 5 NEThis &proashSefiectiGety assuinestad émergendy ®
undiluted releaseof 3 x DWF.

Sveralkey modehumericalfeatures(such agrid sizeland physical process parameteiso

first need to bemadeto represent the numerical, hydrodynamic akohetic processes more
accuratelybefore it can be said with confidence that the modelling is conservatimany of
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which the writernotes are planned to be refined when the model is updatedhe latest
MIKE21/3 software Alongsidethese keyefinements, morantensiveand accuraténydrody-
namic and~10 dataneeds to be collecteddeallyalong transects in the horizontal and vertica
planesfor a preferred beachand with the resulting model daténen beingused forfurther
modelvalidaion before includingn Beachbuoy.

11. Consider Beachbuoy could be extended to cover all shellfish water and bathing water
points from Bracklesham Bay in the east to Totland Bay in the west would therefore pro-
vide the level of coverage appropriate to the leisure water users of the Solent.

INtKS 6 NAXGSNRE &ihdSDnskSahl® differénkeS NdBveen thpredicted FIO
concentrations near the surfa@nd the bed layers, particularly where turbidity levels are rel-
atively high The surface waters can have significantly loearcentrations than the near bed
levels (primarily due to reduced light penetration and longer decay na¢es the bed, with
swimmers more likely to ingest near surface waterkereasshellfish aremore vulnerable to
near bedFIO concentrationsThis dsparity in the neassurface and bed concentrations can
only be predictedelativelyaccurately in a coastal modesinga fully 3D modelAn example

of these findingss published for Swansea Bay in King et al. (202Y). (1 KS ¢ NJRD SN &
models ofFIO predictions can be extended to cobeth shellfish and bathing water points of
interest, but the extensionfoa 2D model for shellfish water compliance assessmeetls to

be treated with caution without extensiv@D hydrodynamic and FIO data.

Note: The writer understands that aftehe implementation ofMIKE 21/3outhern Water will
explore the scope for 3D modellingghich will give more confident predictions of neaed
water qualityparameters and which will begarticularly relevant to shellfish waters.

(i) Review Process and System

5. Identify all ofthe data sources used in the manual review process and how the data is
used for decision making. Establish if decisions are accurate and timely given the infor-
mation used.

The writeris not familiar with themanual process of dateollection and transfeon an hourly
basis from the coastal models to Beachbuw¥ith the current models and data availability
this approachseemsappropriate,and the writer will defer a response to thpoint to the
Software andSystems Expert

(iv) Automatic ReviewProcess

1. L4 GKS dzasS 2F aAay3tsS GLAESt ¢ o2dzad | ¥S6
reasonable on a mulim long beach particularly considering the juxtaposition of the
GLAESt ¢ gA0K.g2Eadming# € € GKNBFGao 685

Ly (KS g didthérs aidhio sephiite/issuesresponse to this question: (i) the valid-

ity of assessing bathing water quality taken just at one point on a long bathing baadh
assessing risk based on data from a much larger model grid; and (ii) the validitgsgiags
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the bathing water qualityat one pointalonga bathing beach where the variation in the FIO
concentration along the beach could vary considerably from point to point.

In considering the first point, thBnest grid resolution in the Southern Wateoastal models
along the bathing waters typicaly 125m x 125 m(although for one site¢he grid sizeis 100

m x 100 mand for some sitesuchlarger. This means that the predicted FIO concentration
value in the finest grid point along the beach, covering the compliance point, has a plan sur-
face area ofl5,625 ni. In comparison, tis areaequates to darger aea than the size afvo
adjacent full sizéootball pitches (i.e., 105 m x 68 x 2 =14,280 nd). In contrast if the finst
grid reslution was50 m, asa recommendedminimum, then the surface area of the finest
grid cell would be 50 m x 50 m2500 nf, i.e.,just over 1/3% of the size of a single football
pitch. Hence, reducing the grid resolutionall thefine gridcoastalmodek to 50 mor less
particularly alongpopular bathingbeacheswould improve the representation agieverakcom-
plex hydrodynamic processes (as illustratedrigure 1, in Sectio®) and, in particularwould
also improve on the accuracy of predicting tt@ncentratiors at the compliarce point (i.e.,
the monitoring site).

In addition to monitoring FIO concentration levelsthe compliance point(sinore recent
monitoring studies undertaken by sme water mmpanies have includedransectFlOdata
normal to the beachSuch an example is given in Fig@ieelow,for Swansea Bagsshown
in King et al. (2021)with these data monitoring transects beinglanned and monitoredy
Prof. David Kay and his teahthe Centre for Researdhto Environment and HealttQREM
Such data allownore evidencebasedcalibration and verificatioeomparisons to be mader
coastal models, particularly in nearshore bathing waters.

(a) (b) G H-

Figure6. Static source points at outlet locatiot
(a), and source transects along Swansea Ba

Recommendation: 3

In order toprovide more confidence in the model predicted accuracy of faecal bacteria levels
Ff2y3 {2dzi KSNY 2 | {iScd&medadedithicdnd@ensivédarOpkng pra- A
gramme is undertaken for a preferred beach of the nearshore hydrodynamic parammaters a
E. coliand Intestinal Enterococconcentrations. liparticular, concentrations should be meas-
uredalong transectsormal to thebeach providingevidencebased data for model calibration
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