20 Januan2026

Bath Modelling Report

Vementry



Bath Modelling Reporivementry January20, 2056

Table of Contents

YU 1] 4= 2 U UPPPT 2
L. INEFOAUCTION. ...ceeeieee ettt e e e e e e e e e e e e e e e e s e e s bt bbb e e eeeeaeeeeeanan 4
1.1 Site AESCIIPLION.....ce e e ittt e e e e e e r e e e 4
1.2 Surrounding Farms and Sensitive Marine Features.............ccccvvvveeeeiiieciciinnnne. )
2. MOAE] DESCIIPLION. ....ceeiieeeeee ettt e e e e e e e e e e e e e e e e aennnn e 10
2.1 HydrodynamiC MOEL...........coiiiiiiiiiieee e 10
2.1.1 MOdel dOMA@IN.........eiiiiiiiiiiee e e e e rea s 11

2.1.2 Configuration and boundary forcing..............uuuevvveerieeenceeeeeeeeen 11

2.2 Particle tracking Model........ccoooooiiiiiii 12
2.2.1 Particle ConfiguratiQn..............eeeiiiiiiieeie e 12

2.2.2 PArtiCle SOUICE.....uuuriiiiiiiiiiiirrss s e e e e e e e e e e e e e e e e e e e e e e e e ae e e e e e e e eeeeees 13

2.2.3 TrEAIMEBNTS. ...ttt e et e e e e e e rnna s 14

2.2.4 Environmental Standards (EQS).........cooiiiiiiiiiieiiieee e 16

B RESUIS ..ttt et e e e e e e et e e e e e e e e e e annaes 17
3.1 Bath TreatMeNtS........uuiiiiiiiiiiee e eeaae e 17
3.1.1 AZamethiphos.........coooiiiiiiieeeeeee s 18

3.1.2 CyPerMELNIIN.......eviiiiiiiieie e e e e e e e e e e e e e aaaaaeaaaeaes 26

3.1.3 DeltametnrinL. ... ... 30

4. Interactions with Sensitive Marine Features...........cccceeeeeeee e 34
4.2 POINE FRALUIES. .....cc ittt e e 35
4.2.1 AZAMETNIPNOS.....ceiiiiiiii e 35
o N N NN (== T o I 10 =S 35
4.2.1.2 SPIING tIAES. ...ueeieiiceeee ettt 52

4.2.2 CYPermMEtNIiN..........ueeecce e 68
4.2.2. 1 NEAP LGS ....ccoeeeeeeiieeeeeeeeeeeeeee e n e e e e e e e e aaaead 68
4.2.2.2 SPIING TUBS. ...ttt e e e e as 75

4.2.3 Deltamethrin......cccoo e 82
4.2.3.1 NEAP TS, ...ceiiiieeiiiiieeee ettt a e e e e 82
4.2.3.2 SPIING TUBS. ...ttt e e e e e 89

T 0T [od (1] o] 3PP PUPPPPPPPPPTRRRPN 97
5. R BIBINCES ... 98
1

Cooke Aquaculture Scotland



Bath Modelling Reporivementry January20, 2056

Summary

Cooke Aquaculture Scotland Ltd. (CAS) have developed a particle trackinganedalbya
decoupled hydrodynamic model, to simulate bath medicine releasiediswarbacks Minn
regionon the west coast of Shetlandhs determinesthe safemedicinalquantities that are
permitted to be used on sitdbasedon concentration and are&nvironmental Quality
StandardsEQ$outlined by SEPA.

A calibrated and validatedydrodynamianodel andparticletracking model using
measureddispersion coefficients fromdrogue surveyswvere used to predicimedicine
advection and dispersioinom the proposedvementrysite. Awell boatbasedtreatment
methodwasapplied,using realistienultiple treatment schedulesFor Azamethiphqshis
simulateda single 3hr treatmentnass and.0 treatmentswith a 3-hour treatment interval
and a maximum of 3 treatments per 24hFor Deltamethrin and Cypermethrin a singte 6
hour treatmentwas applied.

Maps and EQS results are presented to illustrate the predicted footprint of bath treatment
medicines. The results of the bath modelling fouhdt the medicineamounts summarised

in table 1 complied with all EQS standaréls.assessmentfdahe proposedreatment
guantitieson identified sensitive marine featuregas comgeted. This shows minimum
interactions betweernreatment plumes ad sensitive marine feares.

Table 1. Summary of site details and bath treatment results

Stocking details

Maximum biomass 1,350
(Tonnes)

Pen Layout

No. pens 10
layout 2 x5
Circumference (m) 120
Orientation f) 295.5

Bath Treatments
Azamethiphos
Consent masg 3hr 145¢g

Consent masg 24hr 379

Cooke Aquaculture Scotland
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Cypermethrin

Consent masg 6hr 0.0936g
(Adjusted)

Deltamethrin

Consent masg 6hr 10g

Cooke Aquaculture Scotland
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1. Introduction

Thisreport details he results of thesimulation of bathtreatments within acoupled
hydrodynamicand particle trackingnodel. Thedescription of the hydrodynamic modé¢he
calibration and validatiorand themethods of simulating bath treatments are presented in
the Modelling Methods Statemenf’he measurement of the dispersion coeffici¢imat is
used within the particleracking models described in detaivithin the DrogueRelease
report. The results of the bath treatment modelling ansed to determindEQS compliance
with the latest SEPA standards (SEPA4R02

1.1 Site description

Vementry is considered a new potential site to be operated by Cooke Aquaculture Scotland.
The site is located off the nofastcoastline of Vementry, iBwarbacks MinrGhetland.
Theproposedsite consists of a single group of 10 circular, 120m circumference pens with a
net depth of 21m. These are arranged in a 2 x 5 layout with an 85 m separation, housing a
maximum consented biomass of 1350T at a maximum stocking density of 5.61Kdpyen

site is aligned with a bearing of 2954nd has a wave exposure index of 3.58e proposed
development adds a new site ~0.3 off therth coastline of Vementrwith the site centre
locatedat 430285.52 E, 1161466.97ad shown irfigure 1. Further information on the
proposed site infrastructure and pen layout is presented in Table

%108
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Northing (m)
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-20
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Easting (m) x10°

Figure 1Proposedvementrysite infrastructure and bathymetry.
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Table2 ¢ Existing and proposedts infrastructure and pen layout.

Consent number
Company

Receiving water

Site centre (OSGB36)

Current meter location
(OSGB36)/year of
deployment

Distance to shore (km)
Average water depth (m)
Maximum biomass (t)
Total number of pens
Number of pen groups
Formation

Pen group orientation §)
Pen shape

Pen circumference (m)
Mooring grid (m)

Net depth

Wave exposure index

Vementry (Proposed)
Cooke Aquaculture Scotland
Swarbacks Minn
430285.52 E, 1161466.97 N

430307E, 1161464N /2023

0.3
58.2
1350

10

1
2X5
2955
Circular

120

85

21

3.52

1.2 SurroundingFarms andSensitive Marine Features

The Swarbacks Minmodelarea host19 shellfish farmsnd 10 sensitive marine features.
Table3 outlines the additional farms that are included within the cumulative assessment
and the marine features that are assessed within this study. These sites were specified in
the Screening and Risk ldentificatiBeport (SEPA 2024).

Cooke Aquaculture Scotland
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Table 3 Sensitive marine features identified within Wide Firth and Shapinsay Sound.

Name Code | Feature type Location (OSGB) Mesh resolution
(m)
East North
SS0186 Westshore| SfFO1 Shellfish Farm | 429500 1157500 38.6
SS0312Bight of SfF02 Shellfish Farm | 439700 1163500 43.9
Kurkigarth
SS0500 Suthra SfFO3 Shellfish Farm 429400 1160400 56.7
Voe
SS0588 North Voe | SfF04 Shellfish Farm 430200 1158400 65.2
of Clousta
SS0600 Bight of SfF05 Shellfish Farm | 439100 1164600 51.7
Cliffs
SS060%1 Park Gate| SfF06 Shellfish Farm | 438500 1165100 57.0
SS0617 East of SfFO7 Shellfish Farm | 431800 1162700 42.3
Burki Taing
SS0641%Linga SfF08 Shellfish Farm | 435900 1164000 35.3
SS0642 Quilse SfF09 Shellfish Farm | 438500 1164300 42.7
SS0650 Seggi SfF10 Shellfish Farm | 429700 1159400 65.6
Bight
SS065% Papa SfF11 Shellfish Farm | 434100 1160100 37.0
Little, Aith Voe
SS0670Lee, Busta) SfF12 Shellfish Farm 434500 1164900 38.7
Voe
SS0671Busta Voe| SfF13 Shellfish Farm 434600 1166200 63.2
SS0672 Holm of SfF14 Shellfish Farm 435300 1157800 54.1
East Burra Firth
SS0677 Foula SfF15 Shellfish Farm | 437000 1164800 41.3
Wick
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SS0679 Wrawick | SfF16 Shellfish Farm 432700 1167000 37.9
SS0696West Side | SfF17 Shellfish Farm 434400 1157000 42.9
of Aith Voe
SS0698 Grunigill | SfF18 Shellfish Farm 428800 1156700 70.6
SS0699 Pynch SfF19 Shellfish Farm 436600 1164700 38.9
Dyke
SS0704 Point of SfF20 Shellfish Farm 434200 1158800 33.7
Sletta Aith Voe
SS0715 SfF21 Shellfish Farm 428900 1159200 62.9
Uyeasound,
Vementry
SS0723 Treawick | SfF22 Shellfish Farm 433500 1161600 34.2
SS0724The Ham,| SfF23 Shellfish Farm 433200 1163100 36.2
Papa Little
SS0725Boat Geo | SfF24 Shellfish Farm 431900 1160600 35.8
SS0726 Braganess SfF25 Shellfish Farm | 435400 1162400 37.9
SS0727%Cole Ness| SfF26 Shellfish Farm 434800 1158600 33.5
Shellfish
SS0757 Slyde (Aith| SfF27 Shellfish Farm 434400 1164200 37.9
Voe)
SS0758 North SfF28 Shellfish Farm 430500 1160800 28.5
Knowe
SS0768 SfF29 Shellfish Farm 433300 1159500 32.0
SS0769 North East| SfF30 Shellfish Farm 428700 1158300 58.3
of Aithness
SS0778Longa SfF31 Shellfish Farm | 434100 1163600 48.8
Ness
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SS0781 Budda SfF32 Shellfish Farm 435700 1165800 57.3
Scord
SS0782 Hevden SfF33 Shellfish Farm 435500 1164500 41.0
Ness
SS0783 North SfF34 Shellfish Farm 435800 1164700 40.5
Linga
SS0784 SfF35 Shellfish Farm 431200 1160700 33.1
Wetherstaness
SS0808 Holms of | SfF36 Shellfish Farm 428500 1157500 79.4
Uyeasound
SS0838Brindister | SfF37 Shellfish Farm 431200 1160000 40.6
Inshore
SS0843 Mill Bight | SfF38 Shellfish Farm 434200 1160900 41.5
SS0855 Bight of SfF39 Shellfish Farm 434700 1162300 36.9
Warwick
SS0856 SfF40 Shellfish Farm 434700 1160600 35.6
Houbanster
SS0857 Millburn SfF41 Shellfish Farm 433000 1160200 33.1
SS0864 Moo Ness| SfF42 Shellfish Farm 428500 1159800 58.7
SS0869 Gruna SfF43 Shellfish Farm 429100 1161400 28.7
SS0870 Northra SfF44 Shellfish Farm 429500 1158500 63.2
Voe
SS0903 SfF45 Shellfish Farm 428400 1158700 77.8
Crossroads
SS0904 Skewart | SfF46 Shellfish Farm 434500 1156800 52.4
Holm (Linga)
SS0906 Aith Voe | SfF47 Shellfish Farm 436600 1163400 42.7
West
SS0914 West of SfF48 Shellfish Farm 434400 1156000 41.2
Grobsness
SS0915 Brakkatun| SfF49 Shellfish Farm 428900 1159200 62.9
Beach

Cooke Aquaculture Scotland
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Kelp Beds KBO1 PMF 429492 1164721 53.8

KB02 PMF 430730 1162602 31.9

KB03 PMF 429092 1162142 30.8

KB04 PMF 431190 1160396 36.8

KB05 PMF 430527 1167164 66.9

Horse Mussel HMO01 PMF 434994 1163509 39.0

HMO02 PMF 435549 1162602 36.9

Kelp and Seaweeq KaSCO] PMF 435062 1163672 28.4
GCommunities

KaSCO04 PMF 434994 1163496 38.5

KaSCO03 PMF 435299 1163340 34.4

Cooke Aquaculture Scotland



Bath Modelling Reporivementry January20, 2056

%108

1.168 - Kelp Beds
Horse Mussel
Kelp and Seaweed Communities
Shellfish Farm
1.166 -
1.164 -
fF02
2
= 1462
= oo
o WA Vementry
Z

of

D S35 sir 04

® SfF29

® SfF2¢
S $fF26
1.158 | <
o ST
o “SfFi6
1.156 siee
4.28 4.3 4.32 4.34 4.36 4.38 4.4
Easting x10°

Figure 2Farm locationand sensitive marine features identified witl8warbacks Minn and
surrounding waters

2. Model Description

¢CKA&a aiddzRe 3daxtbie mésh rhofelto simultd fresurface flow in a coastal
environment. The model uses an unstructured mesh to replicate tidal hydrodynamics, wind
andwavedrivencurrents, and storm surges.

2.1Hydrodynamic model

51 L Q a3flexiblern®esh model solves thieree-dimensional incompressible Reynolds
averaged NavieBtokes equations, using the Boussinesqg and hydrostatic pressure
assumptions to simulat8D hydrodynamics over theoastaldomainof interest Continuity
of momentum, temperaturesalinity and density are applied alongside thegsilon

10
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turbulent closure scheme. A cell centred finite volume approach is applied for the spatial
discretisationof the momentum equationsver an unstructured triangular mesh.

2.1.1Model domain

The model domain is created using the CarteSddnance Survey of Great BritdiB36
coordinate system (OSGB 1936). Coastline data is imported@mimance Survey (2@p

and is used to define the land boundaries within the domain. Bathymetry data are taken
from the UK Hydrographic Office (UKHO 2021). A flexible mesh is applied where the
peripheriesof the model domain have a coarse resolution, with an approximate cell spacing
of 250m. The mesh resolution for all identified farms and sensitive marinerisis

specified in table 1, where the area within Swarbacks Minn has a maximum mesh resolution
of 12252000n7 (35-45m). Due to the close proximity of finfish, shellfish and marine
features in Swarbacks Minan extended area of increased mesh resolutiorswaed The
computational mesh is shown in figure 2, with an enlarged view of the identified areas of
interest.

x10°

100

1.175

Northing [m]
8
Depth (m)

1.165

430
1.16

120

|
0
4.1 4.15 4.2 4.25 4.3 4.35 4.4

Easting [m] x10°

Figure2. Hydrodynamic model mesinound the proposet¥ementry site and wider
Swarbacks Minn area

2.1.2Configuration and boundary forcing

Boundary conditionaretaken fromE.UCopernicus Marine Serviédlantic- European

North West Shelf Ocean Physics Analysis and Fore(@MEMS2025). This is taken from a
larger scale domain consisting of 50 depth layers and a horizontal resolutib@23°at a
15-minute time step. Surface elevation output was interpolated onto boundary nodes on

11
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the smallerscale mesh shown in figure \B/ind data was taken from the European Centre
for MediumRange Weather Forecasts (ECMWRAS5 modgECMWEF 2025 his provide
wind velocity in U and V componens well as surface pressykeith a resolution of
0.25°x. 0.25° at a-Bourly interval.

A 2dimensional domain is proposed with a time step interval of 60 s. Outputs are specified
with point data frequency of 10 min (600s) and area data outputs at 60 min (3600s)
intervals. The model is run for 365 days, plus an additional 5 days to alldwdnedynamic
model to stabilise. The governing equations use the shallow water equations with high
order time integration and spatialiscretisation Minimum and maximum timesteps were
relaxed to 0.01s and 60s with a critical CFL number of 0.95. Thisiasaireffects to the

output values but reduces computational time. Flooding and drying were included, with a
drying depth of 0.005 and a wetting depth of 0.1. The horizontal eddy viscosity applies
{YF32NAyaleQa F2NXNdz | GA2Yy 6AGK | O2yaidl yl

Bed roughness is specified in the form of the Manning number and is used as the main
calibration term for the HD model. The best result applies a uniform value o2 mver
the entire domain.

2.2 Particle tracking model

t I NIAOES NBt SI asS MKE articly matkingi nSoBel. i Is yolflines | L Q&
from the hydrodynamic model to reduce computational time. The time step remains
identical to that used within the hydrodynamic model. Howetbe simulation start time is
located out with thenydrodynamic model warrup periodand coincides with bath

treatments finishing on the usedefined spring and neap tided 3D domain is appliedith

10 sigma layeri the vertical plane.

2.2.1 Particle Configuration

As treatment chemicals decay when dissolved in aqueous solution, particle decay is included
within the model. This decay is specified as the chemicallifalft.2). This is used to

calculate the mean lifetime of the chemicd),(which is specified within the model as the
maximum particle age.

—
I 1c

To specify the particle decay within the model, the Hiéé¢f must be converted to decay rate
6<0® ¢KAA A& OFfOdA I SR | &

For Azamethiphos, a hdlfe of 5.6 days is specified. This corresponds to a mean patrticle
lifetime of 8.08 days with a decay rate of 1.43%1€ For Cypermethrin and Deltamethrin,
no chemical haffife is available, no chemical decay is simulated for these treatments.

12
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As chemical treatments are dissolved, particle settling within the model was switched off
and the erosion critical shear stress was set to 0 NFhe horizontal dispersion coefficients
used themeasured value of 0531m?s calculated in the Drogue Release repditie

vertical dispersion coefficient used the default value of 0.00&m

2.2.2 Particle Source

For each bathreatment option a serief model runswascarried out using &rpaulin-
style treatment

2.2.2.1TarpaulinRelease

To simulatea tarpaulinbasedtreatment method, particles areemitted instantaneously
from anareasource This is similaio the real treatment processvhere once the treatment
is completethe tarpaulin is removedrom the reduced volume perand the treatment
solution isimmediatelyreleased To account for tk variabilityin the treatment release
location associated with each individual pen treatmeait treatmentsarereleased from the
site centre. Particles are released at a deptl2.6M below the surfacavith alayer
thicknesghat extends from the surface ta depth ofsm.

To realistically simulate the tarpaulin treatment process, particles were released
instantaneously from a volume source within the particle tracking madldlagram of this

is shown in figur@. For the assessment of the lotgrm treatment program where multiple
treatments are considered, particle releases were simulated at a 3hr interval with a
maximum of 3 treatments per day. At the end of each treatment, the treatment solution is
instantaneasly released into the environment over a single model timesfiene number of
particles assigned to each treatment is constant, this uses 30,000 particles per treatment.
Outputs of particle concentration are assessed using particles within the top 5m of the
water column.

Tarpaulin release

Plan view Side view
OO0 ——

Eras.D

Release period = instant

Particles released
per timestep

Chemical released — Chemical treat t
per timestep = Chemical mass per treatmen

Figure3. Tarpaulin release schematic. Open black circles represent pen locations, particle source
location is shown in red, the blue line represents the sea surface, and small black dots represent
particles.

= 30,000
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2.2.3 Treatments

The maximum number of treatments is restricted to three per working @shour

window). This is the maximum number of treatments that could feasibly be conducted
during a singleepresentativeday.Each treatmentvithin a dayis separatedy a3-hour
treatmentinterval. Thisallowstime for treatmensto take place, waste medicine discharge
andresetting ofequipment ready for the nexteatment.

For Azamethiphos, the chemical plume area exceeding the EQS threshold for 72 hours after
the final treatment was used to explothe site@ potential environmental capacityFor
Cypermethrin and Deltamethrin, the chemical plume area exceeding the EQS threshold for
6-hours after the initial treatment waassessedTomonitor the likelymost and least

dispersive cumulative EQS scenarios, the final treatment for Azamethiphos and the initial
treatment for Deltamethrin and Cypermethrin were chosen to coincidé Wighwater of

the smallest neap tide anithe largest spring tide. This provides a treatment time of
20/03/2024 05:45:00 during a neap tide ant2/03/2024 10:05:00 during a spring tide.

Timings of each bath model run are shown in figwtesd5 and outlined in table3.

Table3. Simulation times for particle tracking moder bath treatments.

Cooke Aquaculture Scotland

Simulation start | Last treatment Simulation Time after
date date enddate final
treatment
(hrs)
Azamethiphog(3hrs)
Neap 19/03/2024 20/03/2024 24/03/2024 97
05:45:00 05:45:00 06:45:00
Spring 11/03/2024 12/03/2024 16/03/2024 97
10:05:00 10:05:00 11:05:00
Azamethphos(72hrg
Neap 17/03/2024 20/03/2024 24/03/2024 97
10:00:00 05:45:00 06:45:00
Spring 09/03/2024 12/03/2024 16/03/2024 97
10:00:00 10:05:00 11:05:00
Cypermethrin/Deltamethrin
Neap 19/03/2024 20/03/2024 21/03/2024 31
05:45:00 05:45:00 12:45:00
14
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Spring 11/03/2024 12/03/2024 13/03/2024 31
10:05:00 10:05:00 17:05:00
25 25

MSL
Model duration
= = =Last treatment

Model duration
= = =Last treatment 151

o
o

25 . . I I . . 25 | I I I I I
03/03/24  10/03/24 17/03/24  24/03/24  31/03/24  07/04/24 25/02/24  03/03/24  10/03/24  17/03/24  24/03/24  31/03/24

Figure4. Mean sea level for Nealeft) and Springr{ght) tides indicating model simulation
duration for Azamethipho& 2hrs)with the final treatmenttime indicatedusing the dashed
line.

To assess the shererm risk of Azamethiphos, a single release of tHeo8r treatment

mass was modelled. The areal extent of the chemical plume captuhedi® after the first
release time was used to determine shéerm EQS compliance. To assess @ risks
from Azamethiphos, an entire treatment regime was modelled, encompassing the
treatment of all pens within th@roposedfarm. The maximum chemical concentration and
areal extent of the chemical plume captured-i@urs after the final release timavas used
to determine longterm EQS compliance.

To assess the risk of Deltamethrin and Cypermethrirhalf treatment mass was
modelled. The areal extent of the chemical plume capturdwh@rs after the release time
was used to determine EQS compliance.

15
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Neap
MSL 2
Model duration
= = =First treatment 151

0.5 05
0 0
-0.5 -05
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MSL

Model duration
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-
o

I . I I I 1 25 I | 1 1 I I
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Figure5. Mean sea level for Neap (a) and Spring (b) tides indicating model simulation
duration for Cypermethrin and Deltamethrin with timitial treatmenttime indicated with
the dashed line

The particle tracking modelagrun for the treatment period, plus an additional 24 hours
after the last EQS timei.e., 96 hours after the last treatment for Azamethiphos and 30
hours after the last treatment for Deltamethrin and Cypermethrin. This ensures no further
EQS standards are exceeded.

2.2.4 Environmental Standards (EQS)

To determine the quantity of chemical used, a hydrodynamic and particle tracking model
simulates the chemical release and plume advection. The area coverage and concentration
are then monitored to ensure they remain within acceptable tolerances. These
envronmental quality standards are outlined in SEPA £20@ Azamethiphos,

Cypermethrin and Deltamethrin treatments (tak#e The EQS determines the

concentration of the plume area, that must not exceeditespecific mixing area (A). For

the 3- and 6 hour EQS this area is defined as a function of mean current speed (U), time (t)
and the horizontal dispersion coefficientfKMathematically, this is represented as:

. LYo ——
0 ¢ — ¢cbo
C

Current meter datdrom Vementryreveal a mean neasurface current speed of @5m/s
over the period31/10/2023 to 29/01/2024 which gives a-Bour EQS area of @51 7km?
and a 6hour EQS area of B463km?. The 72hour EQS area is not site specific and is
assigned a constant value of 0.5km

Additionally, for AzamethiphosMaximum Allowable Concentration (MAG)applied. This
restricts the peak chemical concentration within the domain after the given time interval
This isnot required forCypermethrin and Deltamethrin.

16
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The 3 and 6 hour EQS restrictions are applied to ensure the sitwemn compliance of a
chemical release. Therefore, these times are referenced to the hours after the chemical
discharge of a single, initial treatment event. Thehtir EQS ensures the Igiterm

compliance of bath chemical use, therefore is applied 72 hours after the final treatment of a
full site treatment cycle.

Table4. Environmental standards for chemical treatments.

EQS (ng/l) MAC (ng/l)

3hrs 6hrs 72hrs 72hrs
Azamethiphos 250 - 40 100
Cypermethrin* - 16 - -
Deltamethrin - 6 - -

*Quantities of Cypermethrin passing EQS, as shown above, will be reduced by
factor of 267 to comply with SEPA (2018).

3. Results
3.1 Bath Treatments

The simulation of bath treatments frothe proposedsite was considered. This looks at the
release of Azamethiphos, Cypermethrin and Deltamethrin and the dilution of the chemical
plume in relation to the EQS standards. The individual EQS parameters are summarised in
table 5. This indicates compliance is achieved with all proposed chemical treatments.

Table5. Environmental standards ftaerpaulintreatmentrelease MAC and area EQS for all
treatments atVementry

Treatment MAC 72 hrs EQS 3hrs  EQS 6hrs  EQS 72hrs
Quantity (g) 6 >3k f 0 Single (km?) (km?)
Treatment
(k)
Azamethiphog(3hrs)

Neap 145 - 0.036 - -
(69.7%)

Spring 145 - 0.031 - -
(59.0%)

17
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Azamethiphog(24hrs)
Neap 375 0.0779 - - 0428
(77.9%) (85.7%0)
Spring 375 0.0911 - - 0.030
(91.1%) (0.5%%)
Cypermethrin
Neap 25 - - 0.078 -
(53.1%)
Spring 25 - - 0.073 -
(50.20)
Deltamethrin
Neap 10 - - 0.078 -
(53.1%)
Spring 10 - - 0.075 -
(51.01%)

3.1.1 Azamethiphos

Compliance was achieved at the propodé&mentrysite usingl45g of Azamethiphos within
3 hoursor 375g within 24 hours. This equateto 1259 per penassuming three treatments
per day with a ahour interval. This corresponds ta@peatedtreatable volume ofl250m?3
per 3 hours.

3.1.1.1 Neap tides

3hr Consentimit

To assess the shererm compliance for Azamethiphos, a single release ohald mass
(1459) is modelled in isolation. The size of thbd&ir EQS plume following this initial release
(0 hours on the x axis) is shownfigure6. The size of the chemical plume after a single
treatment always remains less than the calculated mixing area0&8flgO&m?.
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Figure6. Chemical plume area exceeding thkbddir (250 ng/l) EQS value after the initial 3
hour mass release of Azamethiphos during neap tides. The size3fithe EQS mixing

zone is shown by the horizontal dashed linkoGrs after the initial treatment is marked by
the vertical dotted line.

24hr Consent Limit

To determine the24-hr treatment mass §75¢), repeated treatmensg areconsidered using a
realistic treatment patterrwhere compliance is assessed agsithe 72hr MAC andrea
EQS.This uses eepeatedtreatment mass ofi25g. The MAC for the neap tidal cycle is
plotted in figure7. Time, on the saxis, is referenced as hours since the final treatment
event, aiding the interpretation of EQS times. Immediately following the introduction of
chemical particles into the model domaitecay and dispersiotausea rapid reduction in
concentrations, resulting isharppeaksof chenical quantity as individual pens are treated.
At 72 hours after the final treatmenthe concentration from the proposedementrysite is
0.0779> 3 wlhichis 77.9% of the EQS value. Following thiiee concentrationcontinues to
steadilydecling as thetreatment plume decays and dispersésgeneral decline in
concentration is observed over the remainder of the model run period
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Figure7. Maximum concentration of Azamethiphos during a neap tide treatment schedule.

Cumulative impact plotted as solid grey line and MAC for thleol2 EQS (100 ng/l) is

indicated by the grey dashed line.-[i@urs after the final treatment is marked by the
vertical dotted line.

The area of the chemical plume exceeding 40(gZthour EQSis plottedin figure8. At the
72-hour EQS timghe area is below the EQ@f8ea andcontinues to decline
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Figure8. Chemicaplume area exceeding the -Fdur (40 ng/l) EQS values after a
treatment cycle using Azamethiphos during neap tides. The size oft@urZEQS mixing
zone is shown by the horizontal dashed lineh@@rs after the final treatment is marked by

the verticd dotted line.

The spatial distribution of Azamethiphos after theal release of bath treatmenfrom the
proposed siteduring neap tides is shown figure9. The areas where concentrations exceed
the 72hour EQS values are outlined in redisiindicatesthat the main plumeremains
relatively loalised to the site and dispersedevenly through theoscillationsof the tides

over the 72hr window.
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Figure9. Spatial Azamethiphos distribution for releases during neap tidet®72 hrs afer

the last treatment event. Areas above EQS values are indicated within the red contour and

site location is identified using a yellow marker.

3.1.1.2 Spring tides

3hr Consent Limit

To assess the sherérm compliance for Azamethiphos, a single release chal® mass
(1459) is modelled in isolation. The size of thhd&ir EQS plume following this initial release
(0 hours on the x axis) is shownfigure 10.The size of the chemical plume after a single
treatment always remains less than the calculated mixing area0&L@08&m?.
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Figure D. Chemical plume area exceeding thieair (250 ng/l) EQS value after the initial 3
hour mass release of Azamethiphos during spring tides. The size efitlie BQS mixing

zone is shown by the horizontal dashed linko8rs after the initial treatment imarked by
the vertical dotted line.

24hr Consent Limit

To determine the 24r treatment mass3759), repeated treatments are considered using a
realistic treatment pattern where compliance is assessed against the 72hr MAC and area
EQS. This usesepeatedtreatment mass ofi25g The MAC for the neap tidal cycle is
plotted in figurel1l. Time, on the saxis, is referenced as hours since the final treatment
event, aiding the interpretation of EQS times. Immediately following the introduction of
chemical particles into the model domaitlecay and dispersiotausea rapid reduction in
concentrations, resulting isharppeaksof chemical quantity as individual pens are treated.
At 72 hours after the final treatmenthe concentration from the proposedementrysite is
0.091> 3 wiichis 91.1% of the EQS value. Following tlie concentration increases
slightly butdoes not exceed th&QS value of 0>13. Kfter this peaka general decline in
concentration is observed over the remainder of the model run period
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Figure 1. Maximum concentration of Azamethiphos during spring tide releases. Cumulative

impact plotted asa solid grey lingand MAC for the 7Rour EQS (100 ng/l) is indicated by
the grey dotted line. 7Bours after the final treatment is marked by the vertical dotted line.

The area of the chemical plume exceeding 40(gZthour EQSis plotted in figurel2. At
the 72hour EQ3ime, only very smallreas of the treatmenplumestill existwith

concentrations abovd0ng/I. By this point, the plume is well dispersed and fragmented and
decreasingly exceeds the 40ng/l threshold.
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Figure 2. The chemical plume area exceeding thén@ar (40 ng/l) EQS values after release
of Azamethiphos during spring tides. The size of thkol2 EQS mixing zone is shown by
the horizontal dashed line. #urs after the final treatment is marked by the veat

dotted line.

The spatial distribution of Azamethiphos during spring tides is shown in figuiithin the
first 24hrstreatment plumes begito dispersearound the farm locationAfter 48 and 72hrs,
the concentrationdrops belowthe thresholdvalue 0f0.01> 3.Khie distribution of this
dispersion occurs to the west of the site and outside of 8varbacls Minn waterbody.
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Figure B. Spatial Azamethiphos distribution fi@eases during spring tides 3hrs to 72 hrs
after the last treatment event. Areas above EQS values are indicated within the red contour
and site location is identified using a yellow marker.

3.1.2 Cypermethrin

Environmental compliance was achieved at the propogethentrysite using25g of
Cypermethrin ira singletreatment. A reduction factor of 267 is applied to the compliant
chemical quantity to achieve the actual consent mass. This provides a recommended
consent mass d9.0468g. This provides a treatment volume 936 m3 per 6 hours
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3.1.2.1 Neap tides

The area of the chemical plume, 6 hours after sihegletreatment release period, that

exceeds a concentration of 16ng/l (6hr EQS threshold) is plotted in figuiEhe 6hour

EQS time is applied relative to the first chemical release and is illustrated in the figure by the
vertical dotted line. The size of the chemical plume originating fetamentryafter a 6hour

mass treatment release remains less than the calculated mixingtaé€82 kn

throughout the model run.

101 -
100 -
e 6Hr Area EQS
E Cumulative
\(; Vementry
o — — —Area EQS 0.14625km?
< .......... 6Hr

10-3 I 1 I : 1 I 1
-20 -10 0 10 20 30

Time after first treatment

Figureld. Chemical plume area exceeding thiedbir (16 ng/l) EQS value after the initial 6
hour massZ5g) release of Cypermethrin during neap tides. The size oftlo@BGEQS
mixing zone is shown by the horizontal dashed lidgow@s after the initial treatment is
marked by the vertical dotted line.

The spatial distribution of Cypermethrin 6 hours after thist release of bath treatments
during a neap tide is shown in figut®&. The areas where concentrations exceed tHsobir
EQS concentration are outlined in redfter 6-hours, the chemical plumis shown to be
headingnorthwest ofthe south

27

Cooke Aquaculture Scotland



Bath Modelling Reporivementry January20, 2056

108 Bhrs after initial treatment

- ‘
1.186

0.12

—

e

o

tn
T

01

1.163
1.18

4.26 427 428 4.29 4.3 4.31 432 433 434 435
Easting (m) x10%

0.08

0.06

MNorthing (m)
2

Concentration (pg/L}

0.04

0.02

Figurel5. Spatial Cypermethrin distribution for a release during neap tides 6hr after the
treatment event. Areas above EQS values are indicated within the red gartidwsite
locations are identified using a yellow marker.

3.1.2.2 Spring tides

The area of the chemical plume, 6 hours after the treatment release period, that exceeds a
concentration of 16ng/l (6hr EQS threshoisiplotted in figurel6. The 6hour EQS time is
applied relative to the chemical release and is illustrated in the figure by the vertical dotted
line. The size of the chemical plume originating frdementrypeaks at @95km? 13 hours

after the first treatment release periodnd remains below théhr EQS value.
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Figurel6. Chemical plume area exceeding thiedbir (16 ng/l) EQS value after the initial 6
hour massZ5g) release of Cypermethrin during spring tides. The size ofhler6EQS
mixing zone is shown by the horizontal dashed lidgows after the initial treatment is

marked by the vertical dotted line.

The spatial distribution of Cypermethrin 6 hours after fhist release othe 6-hour

treatment masgluring a spring tide is shown in figut&. The areas where concentrations
exceed the éhour EQS concentration are outlined in red. In comparison to the neap tide,
the spring tide chemical plums elon@ted and is located more centrally in the channel.
After 18 hours the plume idispersed
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Figurel?. Spatial Cypermethrin distribution for releases during spring 6desursafter the
last treatment event. Areas above EQS values are indicated within the red ¢amtosite
locations are identified using a yellow marker.

3.1.3 Deltamethrin

Compliance was achieved at the propodésmentrysite usinglO g of Deltamethrinn a
treatment plan involving singletreatment. This provides a treatable volume®000m?
per 6-hour period.

3.1.3.1 Neap tides

The area of the chemical plume, 6 hours after the first treatment release period, that
exceeds a concentration of 16ng/l (6hr EQS threshsld)otted in figurel8. The 6hour

EQS time is applied relative to the first chemical release and is illustrated in the figure by the
vertical dotted line. The size of the chemical plume originating fsamertry after a 6hour

mass treatment release remains less than the calculated mixing area482km?

throughout the model run.
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Figurel8. Chemical plume area exceeding thiediir (6 ng/l) EQS value after the initial 6
hour mass release of Deltamethrin during neap tides. The size oftiber@&QS mixing zone
is shown by the horizontal dashed linehd@urs after the initial treatment is mked by the
vertical dotted line.

The spatial distribution of Deltamethrin 6 hours after tiivst release of bath treatments
from the site during a neap tide is shown in figur® Regionswith chemical concentration
exceedngthe EQS threshold are illustrated by the red contdirthe 6hr EQ3he plumeis
distributed to the northwest of the sit andis initiating the dispersal process
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Figurel9. Spatial Deltamethrin distribution for releases during neap tides, 6 hours after the
last treatment event. Areas above EQS values are indicated within the red contabeand
site locationisidentified using a yellow marker.

3.1.3.2 Spring tides

The area of the chemical plume, 6 hours after the first treatment release period, that
exceeds a concentration of 16ng/l (6hr EQS threshold) is plotted in f&§urEhe 6hour

EQS time is applied relative to the first chemical release and is illustrated in the figure by the
vertical dotted line. The size of the chemical plume originating fu@mentryafter a 6hour

mass treatment release remains less than the calculated mixing area4§3kny

throughout the model run.
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Figure ®. Chemical plume area exceeding thiediir (6 ng/l) EQS value after the initial 6
hour mass release of Deltamethrin during spring tides. The size ofbigr @QS mixing
zone is shown by the horizontal dashed lirbo@rs after the initial treatment is arked by
the vertical dotted line.

The spatial distribution of Deltamethrin 6 hours after the first release of the
treatment mass fronthe site during a spring tide is shown in figl® The region# which
chemical concentration exceeds the EQS threshold are illustrated by the red cofisur.
shows an area extengss than thepermitted EQSarea.After 6 hours the plumearea
increasesup to 13 hoursafter treatment. After this, rapid dispersion occuend
concentrations fall below 6ngéfter 18 hours.
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Figure 4. Spatial Deltamethrin distribution for releases during spring tides, 6hr after the last
treatment event. Areas above EQS values are indicated within the red contoilneasite
locationisidentified using a yellow marker.

4. Interactions with Sensitive Marine Features

The results of thenodelleddistribution of the bath treatment plumeare used b assess
potential interactions withdentified sensitive marine featureg.reatmentspecificEQS
parameters are used to determirmmotential risk to each featuréAsthere are currently no
environmental standarslfor bath treatment exposure tgensitive marine featureshe
treatment-specificEQS parameters are used as a guidghould be noted that th EQS
parameters used arareabasedmeasurement@and not MAG, and therefore any
exceedance in thsevaluesis permittedwithin a reasonable magnitude.
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4.2 Point Features
4.2.1 Azanethiphos

4.2.1.1 Neap tides
3hr EQS

Shortterm exposure during the neap tide is assessgsihgasingle release ahe 3hr
treatment mass145g of AzamethiphosTreatment concentratiosat sen#tive featuresare
identified in figure 22. All features showno interaction withthe treatment.
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Figure22. Neap tide Azamethipha®ncentration in the water column at identified sensitive
marine feature locationgConcentration in ng/is shown in theolour barwith anyvalues

indicated inred that exceed th8hr EQS value. Water depth is defined in model sigma layers
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where 1 is the bed cell and 10 is the surfacearellime is shown in hours from the
last/singletreatment.

Verticalconcentrationprofiles foreach feature are shown in figug8for the 3hr EQS time.
After 3hrs of a single treatmend|l features show nointeraction with theplume.
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72hr EQS

Bath treatment exposure during the neap tide is assessed usinghat?datment masof
3759 of Azamethiphos. Treatment concentrata features areidentifiedin figure 24,
wherethe concentration scale is adjusted to 40ngd,linewith the 72hr EQS valulume
concentration at feature locatiagall remainsat very low levelsFeaturesKB01, KB02, KB03,
SfF22, SfF24, and SfRREwmore visible variations in passing plamoncentrationsThese
small increases in concentratitrave a short duration andre generallyweak in strength
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layers where 1 is the bed cell and 10 is the surface cell and time is shown in hours from the
last/single treatment.

After 72 hoursthe concentration of Azamethiphas less than @ng/l for all features with
most locations recording concentrations of Ondfeature SfF28 shows the largest
concentration of around 40ng/however, this interaction is only present for a short
duration, and the concentratiomemainslow.
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Figure25. Neap tide vertical concentration profile of Azamethiphos ateeatment plan
with a 24hr treatment mass o875gat the 72hr EQS time. Profiles for all identified sensitive
marine feature locations are shown.
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The spatial distribution cAzamethiphoss shownrelative to the feature locations in figure
26. Several time steps are showianging from 3 t6/2 hoursandred contour lines are
shownfor treatment concentrationsof 100 ng/l.Treatmensare $iown to bewidely
distributed and separatethto fragmentedplumeswith no accumulationsnteractions with
featuresareuncommonand occur only with diluted plume$he argestconcentration
occursaround6 to 12 hoursafter the finaltreatment and islocated in the centre of the
channel Previous concentration plots show minimal plume interaction iattures.
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4.2.1.2 Springtides
3hr EQS

Shortterm exposure during the spring tide is assessed using a single release of the 3hr
treatment mass145g of Azamethiphos. Treatment concentration at features is identified in
figure27. SF28 is the only location to show any interaction with thepersing treatment
plumb. Concentrationst this location arevery low andonly occur very briefly.
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Figure27. Springtide Azamethiphos concentration in the water column at identified
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Cooke Aquaculture Scotland

55



Bath Modelling Reporivementry January20, 2056

sigma layerswhere 1 is the bed cell and 10 is the surface cell and time is shown in hours
from the last/single treatment.

Vertical concentration profiles for each feature are shown in fi@@@éor the 3hr EQS time.
After 3hrs nareatment concentrations are shown for any of the identified sensitive marine
features.
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Figure28. Springtide vertical concentration profile of Azamethiphos after the single
treatment at the 3hr EQS time. Profiles for all identified sensitive marine feature locations
are shown.
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72hr EQS

Bath treatment exposure during thepringtide is assessed using a-Bdtreatment mass of
375y of Azamethiphos. Treatment concentrations at features are identified in fR@re
where the concentration scale is adjusted to 40ng/l, in line with the 72hr EQS Pdlune
concentration at feature locations attmainsat very low levelswith only SfF28 showing
any sign oplume interaction. At this locatiorverylow infrequent concentratios occur.
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Figure29. Springtide Azamethiphos concentration in the water column at identified
sensitive marine feature locations. Concentration in ng/l is shown in the colour bar with any
values indicated in red that exceed thghr EQS value. Water depth is defined in model
sigma layerswhere 1 is the bed cell and 10 is the surface cell and time is shown in hours
from the last/single treatment.
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Vertical concentration profiles for each feature are shown in fi@d@ér the 72hr EQS
time. After72hrs, treatment concentrations are showio be zeroat alllocations
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Figure30. Springtide vertical concentration profile of Azamethiphos after a treatment plan
with a 24hr treatment mass 08759 at the 72hr EQS time. Profiles for all identified sensitive
marine feature locations are shown.

The spatial distribution of Azamethiphos is shown relative to the sensitive feature locations
in figure31. Several time steps are showanging from 3 t&/2 hours andred contour lines
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are shown for treatment concentrations of 100 ng/l. Treatments are shown to be
distributedin anorthwesterndirection. By48 hoursthe treatment plume haslispersed to
very low concentrations with very smalbckets remaining above 100ngAfter 72 hours
no values exceed thEQS.
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Figure31. Spatial Azamethiphos distribution foath treatmentreleases duringpringtides

3hrs to 72 hrs after the last treatment event. Areas above EQS values are indicated within
the red contouysite location is identified using a yellow marked PMHocationsare

shown as points or polygons
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4.2.2 Cypermethrin
4.22.1 Neap tides

Shortterm exposure during the neap tide is assessed using a single rele25g aff
Cypemethrin. Treatment concentration deatures is identified in figur82, whereall
featuresshowno observable treatment concentrations.
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Figure32. Neap tideCypermethrirconcentration in the water column at identified sensitive
marine feature locations. Concentration in ng/l is shown in the coloymbir any values
indicated in red that exceed tlgr EQS value. Water depth is defined in model sigma layers
where 1 is the bed cell and 10 is the surface cell and time is shown in hours from the
last/single treatment.
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Vertical concentration profiles for each feature are shown in fi@@8éor the 6hr EQS time.
After 6hrs no treatment concentrations are shown for any of the identified features.
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Figure33. Neap tide vertical concentration profile ©fpermethrirafter the single treatment
at the 6 hr EQS time. Profiles for all identified sensitive marine feature locations are shown.

The spatial distribution o€ypermethrinis shown relative to the sensitive feature locations
in figure34. Red contour lines are shown for treatment concentrationsl6ig/l. The
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treatment plume isshown to be distributedo the northwest and out of the Swarbacks
Minn water body.

Figure34. SpatialCypermethrirdistribution forbath treatmentreleases during neap tidés
hoursafter treatment. Areas above EQS values are indicated within the red cothelsite
location is identified using a yellow markerd PMHocationsare shown as points or
polygons

4.2.22 Spring tides

Shortterm exposure during the spring tide is assessed using a single rele2ig aiff
Cypermethrin. Treatment concentration at sensitive features is identified in figbirdlo
observable treatment concentrations are shown for any featuveh the exception of
SfF28This shows grainy presence of treatment around 28 hours after the release.
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