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1. Introduction

Nutrient enhancement budgets have been calculated which give a representation of the amount of
nutrient waste released from salmon farming. These budgets consider the expected total production
from the consented biomass and use the intended Feed Conversion Rate (FCR) to determine total feed
input throughout the growing cycle. By using the feed manufacturer’s value for nutrient content in the
feed, and the relative nutrient content in the fish, the amount of particulate and soluble nutrient waste
released to the receiving coastal environment can be determined. Most of these nutrients are in a bio-
available form as ammonium (NH,*).

The nitrogenous component in nutrient loading is particularly important in the marine environment
because it is predominantly nitrogen levels which limit primary production. An increase in primary
productivity and phytoplankton biomass as a result of nitrogen enrichment has the potential to cause
eutrophication in marine waters, providing hydrographic conditions are suitable. To assess the impact
of nitrogen loading and the potential for nutrient enrichment in waters surrounding the proposed North
Gravir site, the Equilibrium Concentration Enhancement (ECE) equation has been used.

The ECE equation was developed by Marine Scotland for the Locational Guidelines for the
Authorisation of Marine Fish Farms in Scottish Waters. The equation estimates the enhancement of
nitrogen above background levels which occurs as a result of aquaculture, assuming that all the
released nitrogen is conserved in the environment and only removed by tidal flushing. The ECE model
considers dissolved nitrogen but also emissions of particulate nitrogen and nitrogen which has re-
dissolved into the water column from the seabed.

ECE=S*M/Q
Where:
S = Source Rate (kg N Tproduction-1)
M = Total Consented Biomass (T)
Q = Flushing Rate (m2 yr1)

Source rate is calculated through the budgets discussed above, and biomass is known. The
hydrographic conditions of the loch system must also be considered to assess site specific nutrient
enrichment. In enclosed loch systems, the flushing rate is determined using the volume of the loch and
flushing time, which is defined as the number of days it takes for 60 % of the water in a well-mixed
system to exchange with the open sea water outside of the loch.

In the model flushing rate has been determined using the mean low water volume and the flushing time
as estimated from digitised admiralty charts. The waters surrounding the proposed North Gravir site do
not feature in Marine Scotland Science Locational Guidelines for the Authorisation of Marine Fish Farms
in Scottish Waters, May 2022.
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2. Calculations — North Gravir

The proposed North Gravir site is located in an open water location, therefore a different approach was
used to determine flushing rate, based on the Box Model Method. In the Box Model, flushing time is
assumed as one day, which is considered appropriate based on the current speeds and distances in
the area. The low water volume is calculated for a 10 km? box area (Figure 1), based on the Scottish
Environmental Protection Agency (SEPA) definition in NewDEPOMOD depositional modelling that
unconstrained water systems should be limited to a 10 km?2 box.

The bathymetry within the 10 km? area was derived from available bathymetry in the public domain this
included and the Admiralty spot depths for the area and Admiralty dataset: Maritime and Coastguard
Agency (MCA) Bathymetric Survey HI1352, North Minch, (30/10/2011 to 05/12/2011). An average
depth for the area was determined to be 60.7 m. This depth was used with the low water area
(7,924,872.09 m?) to calculate the volume of water. Volume and flushing time were then used to
calculate an estimated total flush rate (m®yr?), which was then used within the ECE equation to
determine potential nutrient loading for the North Gravir Box Model area.

The total volume of the low water area surrounding the North Gravir site (10 km?) is estimated at
481,039,736 m3, with a flushing time of one day. These values were used to calculate the flushing rate
of the waters surrounding the North Gravir site as 1.76 x 1011 m3yr1,
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Figure 1. North Gravir site location and specified 10km? area.

The estimates of enhancement of nitrogen concentration should be assessed against recognised
quality standards. The SEPA Environmental Quality Standard (EQS) for dissolved available inorganic
nitrogen is 168 pg/L (Working Arrangement Requirements of Statutory Consultees (Scottish
Environment Protection Agency, NatureScot, Marine Seotland—SeienceDirectorate and the District
Salmon Fisheries Boards) and consultation protocol for marine aquaculture planning applications, July
2010) and calculated ECE values should be assessed against this SEPA EQS. In addition, the Oslo &
Paris Commission (OSPAR) and UKTAG recommends that Cumulative Enhancement values should
be added to locally relevant worst case (winter) background concentrations to assess the risk of
potential enrichment. OSPAR sets a quality standard criterion for nutrients at 50 % above background,
therefore the calculated cumulative ECE, added to background levels, should not be more than 50 %
of locally relevant background winter concentrations.

The ECE for the proposed 4680 T North Gravir site is 1.53 ug/L (Table 1). This estimated level as a
result of the proposed development is only 0.91 % of the SEPA EQS (168 ug/L). The ECE calculation

Page 4 of 7



Nutrient Calculation, North Gravir
Revision Al

demonstrates that there will be a small increase in the level of nutrients released, therefore the potential
for enrichment is minimised and thus it is unlikely that there will be significant effects on water quality
as a result of the proposed development.

Table 1. North Gravir proposed nutrient enhancement calculations.

Source Rate % ECE of
Big‘;fggs Budget  (kgNT®  FUSh R"’l‘;e (M*Y"  ECE (kg m) pch-El SEPA
production) EQS
4680 Black 66.37 1.7558E+11 0.000001769 1.77 1.05
4680 OSPAR 57.63 1.7558E+11 0.000001536 1.54 0.91
4680 FRS 48.20 1.7558E+11 0.000001285 1.28 0.76
AVERAGE 1.53 0.91

3. Cumulative effects

There are two other Bakkafrost Scotland (BFS) site operating in the waters around North Gravir. These
include Gravir Outer (maximum biomass 2285 tonnes) and Gravir West (maximum biomass 515.7
tonnes). These sites form one farm and are 1.6-3.0 km southwest of the proposed site and site lies
partially within the box model extent. Assuming the combined nutrient enhancement (i.e. combined
biomass of 7481 tonnes) the estimated nitrogen loading in the area will be 2.45 pg/L. This estimated
level as a result of the proposed development and current operations is 1.46 % of the SEPA EQS (168

Hg/L).

4. Conclusion

The total nutrient levels estimated to be released in the area as a result of the proposed development
and current operational sites are low in relation to the SEPA EQS for dissolved inorganic nitrogen
loading, with an average value of 1.46 % of the EQS of 168 pg/L. The level of nitrogenous waste
estimated to be released from the proposed North Gravir development can be considered a “worst case
scenario” as it has been assumed that all the nitrogen will be dispersed in the surrounding waters, at
mean low water spring tidal levels. Additionally, the source rate includes both dissolved and particulate
nitrogen; however, the EQS is only set for dissolved available nitrogen, with the result that a higher
nitrogen loading has been used for comparisons with the SEPA EQS.
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5. Appendices

5.1 Appendix 1: North Gravir Nutrient Calculations

N
OSPAR production total feed discharge
Budgets | MSB T | Tlyr input T/yr  Tlyr N kglyr product|on
Proposed | 4680
North
Gravir 4084 4772.17 235.38 235381.88 | 57.63
in
kg N year
FRS production total feed morts/esc | solid soluble totwaste kg N for /tonne
| budget MSBT T/yr = FCR  inputT/yr feed[N]T  fish[N]JT [N]T N T [N] T Tlyr tot pro production N/da
Proposed | 4680
North
Gravir 4084 4772.17 343.60 138.81 51.54 | 145.34 | 196.88 196880.67 48 20 539.40
Black production total feed morts/esc | solid soluble totwaste N for /tonne
budget MSB T @ Tlyr FCR input T/yr  feed [N]JT | fish[N]T [N]T [N] T [N] T Tlyr totpro production N/day
Proposed | 4680
North
Gravir 4084.36 . 4772.17 . . . . . . 271059.28
budget | N flushrate ECEkgm3 ECEug % ECE of
dishcharge(kg/Tpro) | (m3/yr) L UKTAG
background
level
Proposed North Gravir 4680 Black 66.37 1.7558E+11 | 0.000001769 | 1.77 1.05
4680 OSPAR | 57.63 1.7558E+11 | 0.000001536 | 1.54 0.91
4680 FRS 48.20 1.7558E+11 | 0.000001285 | 1.28 0.76
Average 1.53 0.91
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Combined biomass —
cumulative impact

N flushrate ECE kg m3 % ECE of
dishcharge(kg/Tpro) | (m3/yr) UKTAG
background
level
Proposed North Gravir 7481 Black 66.37 1.7558E+11 | 0.000002828 | 2.83 1.68
and Gravir BFS sites 7481 OSPAR | 57.63 1.7558E+11 | 0.000002455 | 2.46 1.46
7481 FRS 48.20 1.7558E+11 | 0.000002054 | 2.05 1.22
Average 2.45 1.46
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