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Table 1 Decrease in Temperature (T) and Change in Salinity (S) of Water in the Discharge Channel of LNPP-1 Phase Two in the Scenario "LNPP-1 and LNPP-2"
	Month
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Ta,°С
	-3.2
	-3.3
	0.1
	1.8
	7.9
	12.5
	15.7
	16.7
	12.2
	5.9
	2.5
	0.4

	V1, м3/с (LNPP-1)
	103.64
	103.02
	102.23
	100.59
	54.78
	47.8
	46.98
	72.38
	109.53
	101.83
	102.79
	100.73

	Tin1, °С (LNPP-1)
	10.6
	14.6
	22.8
	15.4
	17.2
	22.6
	26.6
	28.2
	19.4
	18.8
	24.3
	7.2

	Sin1, ‰ (LNPP-1)
	3.236
	2.728
	3.528
	3.675
	3.652
	3.652
	3.036
	2.884
	3.884
	4.308
	2.924
	3.684

	V2, м3/с (LNPP-2)
	0.95
	1.23
	1.34
	1.38
	1.48
	1.62
	2.07
	1.79
	1.54
	1.76
	1.59
	1.07

	Tin2, °С (LNPP-2)
	12
	12
	12
	18
	21.2
	24
	25.8
	25.3
	22.8
	19.9
	16.9
	12

	Sin2, ‰  (LNPP-2)
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028

	Qa, W/m2
	-248
	-219
	-456
	-112
	-12
	-117
	-96
	-311
	-80
	-138
	-795
	-166

	Tin, °С
	10.61
	14.57
	22.66
	15.44
	17.3
	22.65
	26.57
	28.13
	19.45
	18.82
	24.19
	7.25

	Tout, °С
	10.59
	14.54
	22.62
	15.42
	17.3
	22.62
	26.55
	28.09
	19.44
	18.81
	24.11
	7.23

	dTк = Tout−Tin, °С
	-0.02
	-0.03
	-0.04
	-0.02
	0
	-0.03
	-0.02
	-0.04
	-0.01
	-0.01
	-0.08
	-0.02

	P−E, 10-8, m/s
	-2.6
	-1.5
	-7.9
	-5.5
	-2.6
	-2.5
	-2.5
	-4.1
	2
	2.2
	-14.8
	0.6

	Sin, ‰
	3.28702
	2.80832
	3.5969
	3.7481
	3.78936
	3.82836
	3.28111
	3.02748
	3.95587
	4.38573
	3.01716
	3.73847

	Sout, ‰
	3.28714
	2.80849
	3.59701
	3.74845
	3.7892
	3.82893
	3.2814
	3.02711
	3.95536
	4.38521
	3.01689
	3.73825

	dSк= Sout−Sin,, ‰
	1.2E-4
	1.7E-4
	1.1E-4
	3.5E-4
	-1.6E-4
	5.7E-4
	2.9E-4
	-3.7E-4
	-5.1E-4
	-5.2E-4
	-2.7E-4
	-2.2E-4

	Note. The calculation procedure is described in the text. Monthly average values of air temperature (Ta), heat flux at the boundary with the atmosphere (Qa), and the difference between precipitation and evaporation (P-E) are taken from Copernicus Climate Change Service [24] for the year 2010. The values V1, Tin1 and Sin1 represent the measured flow rate, temperature, and salinity of wastewater in the discharge channel of LNPP-1 phase two. The values V2, Tin2 and Sin are the design values for the same characteristics for LNPP-2. The averaged values of Tin and Sin are obtained considering the mixing of discharges from LNPP-1 and LNPP-2. The values of Tout and Sout refer to the water outlet B6a in the discharge channel of LNPP-1 phase two (see Fig. 1b). The provided values of Qa and P-E affect to the last 50-meter section of the channel.




Table 2 Decrease in Temperature (T) and Change in Salinity (S) of Water in the Discharge Channel of LNPP-1 Phase Two in the Scenario "LNPP-2"
	Month
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Ta,°С
	-3.2
	-3.3
	0.1
	1.8
	7.9
	12.5
	15.7
	16.7
	12.2
	5.9
	2.5
	0.4

	V, м3/с (LNPP-2)
	0.95
	1.23
	1.34
	1.38
	1.48
	1.62
	2.07
	1.79
	1.54
	1.76
	1.59
	1.07

	Tin, °С (LNPP-2)
	12
	12
	12
	18
	21.2
	24
	25.8
	25.3
	22.8
	19.9
	16.9
	12

	Sin, ‰ (LNPP-2)
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028
	9.028

	Qa, W/m2
	-278.3
	-178.7
	-180.6
	-163.8
	-99.4
	-160.6
	-76.7
	-200.5
	-145.5
	-152.6
	-469.1
	-293.2

	Tout, °С (LNPP-2)
	9.35
	10.62
	10.74
	16.89
	20.57
	23.09
	25.45
	24.28
	21.91
	19.06
	14.25
	9.56

	dTк=Tout−Tin ,°С
	-2.65
	-1.38
	-1.26
	-1.11
	-0.63
	-0.91
	-0.35
	-1.02
	-0.89
	-0.84
	-2.65
	-2.44

	P−E, 10-8 m/s
	-3.08
	-0.82
	-2.13
	-1.53
	-4.41
	-3.54
	-2.01
	-1.27
	0.69
	1.99
	-6.82
	-1.75

	Sout, ‰ (LNPP-2)
	9.040
	9.030
	9.034
	9.032
	9.039
	9.036
	9.032
	9.031
	9.026
	9.024
	9.043
	9.034

	dSк=Sout−Sin,
‰
	0.012
	0.002
	0.006
	0.004
	0.011
	0.008
	0.004
	0.003
	-0.002
	-0.004
	0.015
	0.006

	Note. The calculation procedure is described in the text. Monthly average values of air temperature (Ta), heat flux at the boundary with the atmosphere (Qa), and the difference between precipitation and evaporation (P-E) are taken from Copernicus Climate Change Service [24] for the year 2010. The values of Tout and Sout refer to the water outlet B6a in the discharge channel of LNPP-1 phase two (see Fig. 1b). The provided values of Qa and P-E pertain to the last 50-meter section of the channel.





Table 3 Characteristics of Withdrawn Water (Flow Rate V, Temperature T, Salinity S) in the Scenarios "LNPP-1 and LNPP-2" and "LNPP-2"
	Characteristic
	Month
	Annual aver. value

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	

	Water intake LNPP-1 units 1, 2 and LNPP-2 units 1-4, point No. 2 in (Program for …, 2018 *)

	V 1), m3/s (LNPP-1 Units 1, 2)
	2.87
	2.59
	2.87
	2.59
	2.87
	2.78
	3.03
	2.87
	2.43
	1.44
	1.38
	1.92
	2.47

	V 2), m3/s (LNPP-2 Units 1, 2)
	0.19
	0.77
	1.92
	1.45
	1.60
	1.69
	2.12
	1.97
	1.65
	1.90
	1.65
	0.56
	1.46

	V 3), m3/s (LNPP-2 Units 3, 4)
	1.69
	1.53
	1.84
	1.99
	2.28
	2.38
	2.58
	2.46
	2.25
	2.12
	1.89
	1.81
	2.07

	V 4), m3/s Total
	4.75
	4.89
	6.63
	6.03
	6.75
	6.85
	7.73
	7.30
	6.33
	5.46
	4.92
	4.29
	6.00

	Measurement date Т and S
	13/01
2022
	08/02
2022
	16/03
2022
	06/04
2022
	04/05
2022
	01/06
2022
	13/07
2022
	10/08
2022
	14/09
2022
	18/10
2022
	02/11
2022
	14/12
2022
	−

	T, оС
	4.0
	1.1
	4.8
	5.8
	15.8
	16.4
	18.0
	22.1
	13.6
	10.1
	9.5
	5.3
	10.5

	S 5), ‰
	4.123
	4.272
	3.606
	2.309
	3.132
	3.238
	2.847
	3.038
	3.965
	4.408
	4.148
	4.608
	3.639

	Water intake of LNPP-1 units 3 and 4, point No. 10 in (Program for …, 2018 *)

	V 1), m3/s (LNPP-1 Units 3, 4)
	108.84
	97.80
	107.68
	102.33
	57.92
	48.99
	49.79
	76.30
	108.90
	107.01
	104.55
	108.04
	89.85

	Measurement date Т and S
	20/01
2022
	17/02
2022
	23/03
2022
	13/04
2022
	12/05
2022
	15/06
2022
	13/07
2022
	10/08
2022
	14/09
2022
	18/10
2022
	02/11
2022
	14/12
2022
	−

	T, оС
	2.2
	0.6
	13.5
	14.7
	10.3
	17.0
	19.0
	23.2
	13.1
	13.1
	7.6
	12.8
	12.3

	S 5), ‰
	3.993
	3.798
	2.311
	3.416
	3.459
	2.632
	3.050
	3.083
	4.073
	4.303
	4.342
	4.637
	3.590

	1)According to the water intake records for 2022;
2) According to the water intake records for 2022. The lower value for January is due to block repairs;
3)NPP design data;
4) Total intake volume for the four units of LNPP-2 and the decommissioned units 1 and 2 of LNPP-1;
5) Values are given for the dry residue.
* Program for Regular Observations of Water Bodies and Their Protective Zones, Branch of JSC “Concern Rosenergoatom,” Leningrad Nuclear Power Plant, Sosnovy Bor, 2018.




Table 4 Characteristics of Discharged Water (Flow Rate V, Temperature T, Salinity S, Concentrations of Suspended Solids SS, Oil Products OP, Dissolved Iron Fe, Dissolved Oxygen O₂, and Hydrazine N₂H₄) in the Scenarios "LNPP-1 and LNPP-2" and "LNPP-2"
	Charasteristic
	Month
	Annual aver. value

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	

	 Water Discharge of LNPP-1 units 1 and 2 point No. 3, discharge B1a in (Program for …, 2018 *)

	V 1), m3/s
	2.51
	2.27
	2.50
	2.24
	2.51
	2.43
	2.67
	2.51
	2.08
	1.09
	1.05
	3.71
	2.30

	Measurement date T, S and Ci
	13/01
2022
	08/02
2022
	16/03
2022
	06/04
2022
	04/05
2022
	01/06
2022
	18/07
2022
	10/08
2022
	14/09
2022
	18/10
2022
	02/11
2022
	14/12
2022
	−

	Т, °С
	8.0
	3.1
	11.3
	5.8
	13.9
	15.4
	18.2
	22.4
	13.4
	12.1
	9.2
	8.7
	11.8

	S 2), ‰
	4.090
	4.237
	3.572
	2.190
	2.801
	3.212
	2.559
	3.022
	3.768
	4.203
	4.098
	4.457
	3.516

	Suspended Solids (SS), mg/dm3
	2.4
	2.2
	0.6
	1.0
	2.3
	2.8
	0.5
	1.9
	2.8
	1.3
	1.3
	1.5
	1.7

	Oil Products (OP), mg/dm3
	0.008
	0.008
	0.027
	0.017
	0.004
	<0.005
	0.009
	0.018
	0.013
	0.005
	0.008
	0.014
	0.012

	Total Iron (Fe), mg/dm3
	0.28
	0.24
	0.23
	0.47
	0.39
	0.20
	0.24
	0.24
	0.36
	0.27
	0.36
	0.26
	0.297

	Dissolved oxygen (O2), mgO2/dm3
	12.85
	12.73
	12.70
	12.31
	10.77
	9.75
	8.77
	9.22
	9.53
	9.80
	10.78
	12.40
	10.97

	Water Discharge of LNPP-1 units 3 and 4, point No. 11 at the channel discharge B6a in (Program for …, 2018 *)

	V 1),
m3/s
	107.09
	96.15
	105.64
	100.59
	56.6
	47.8
	48.55
	74.79
	109.53
	105.22
	102.79
	104.09
	88.24

	Measurement date T, S and Ci 3)
	25/01
2017
	15/02
2017
	15/03
2017
	19/04
2017
	10/05
2017
	14/06
2017
	19/07
2017
	17/08
2017
	27/09
2017
	18/10
2017
	29/11
2017
	13/12
2017
	−

	Т, °С
	10.6
	14.6
	22.8
	15.4
	17.2
	22.6
	26.6
	28.2
	19.4
	18.8
	24.3
	7.2
	19.0

	S 2), ‰
	3.209
	2.697
	3.465
	3.630
	3.602
	3.587
	2.973
	2.820
	3.825
	4.244
	2.868
	3.663
	3.382

	Suspended Solids (SS), mg/dm3
	2.0
	0.5
	2.5
	3.0
	1.5
	1.5
	1.0
	5.0
	3.5
	3.5
	< 3.0
	< 3.0
	2.4

	Oil Products (OP), mg/dm3
	0.007
	0.009
	0.007
	0.008
	0.007
	0.01
	0.011
	0.01
	0.014
	0.014
	0.024
	0.01
	0.011

	Total Iron (Fe), mg/dm3
	0.15
	0.25
	0.28
	0.19
	0.22
	0.27
	0.29
	0.18
	0.22
	0.86
	0.19
	0.48
	0.30

	Dissolved oxygen (O2), mgO2/dm3
	10.90
	10.20
	8.50
	9.85
	9.60
	8.40
	7.80
	7.83
	9.13
	9.20
	8.27
	11.93
	9.30

	Water Discharge LNPP-2 units 1-4, point No. 11 at the channel discharge B6a in (Program for …, 2018 *) 

	V 4), m3/s (Units 1, 2)
	0.16
	0.41
	0.50
	0.44
	0.45
	0.51
	0.95
	0.68
	0.49
	0.81
	0.69
	0.23
	0.53

	V 5), m3/s (Units 3, 4)
	0.82
	0.74
	0.89
	0.95
	1.08
	1.11
	1.19
	1.16
	1.06
	1.01
	0.90
	0.87
	0.98

	V, m3/s Total
	0.98
	1.15
	1.38
	1.38
	1.53
	1.62
	2.14
	1.85
	1.54
	1.82
	1.59
	1.10
	1.51

	Т 5), °С
Average
	12.0
	12.0
	12.0
	18.0
	21.2
	24.0
	25.8
	25.3
	22.8
	19.9
	16.9
	12.0
	18.5

	S 2),6), ‰
	−
	−
	−
	−
	−
	−
	−
	−
	−
	−
	−
	−
	9.028

	Suspended Solids (SS) 6), mg/dm3
	−
	−
	−
	−
	−
	−
	−
	−
	−
	−
	−
	−
	13.08

	Oil Products (OP) 7), mg/dm3
	0.008
	0.008
	0.010
	0.005
	< 0.005
	0.009
	0.007
	0.007
	0.007
	< 0.005
	0.006
	0.007
	0.007

	Total Iron (Fe) 7), mg/dm3
	0.18
	0.19
	0.26
	0.32
	0.25
	0.18
	0.18
	0.21
	0.31
	0.40
	0.28
	0.26
	0.25

	Hydrazine (N₂H₄) 6), mg/dm3
	−
	−
	−
	−
	−
	−
	−
	−
	−
	−
	−
	−
	.00041

	1)According to the water intake records for 2022;
2) Values are given for the dry residue.
3)Measurements at point No. 11 before the commissioning of LNPP-2;
4) According to the water discharge records for 2022. The lower value for January is due to block repairs;
5) NPP design data;
6) Calculated value at the discharge point into the channel;
7) Values based on measurements at Point No. 11 in 2022.
* Program for Regular Observations of Water Bodies and Their Protective Zones, Branch of JSC “Concern Rosenergoatom,” Leningrad Nuclear Power Plant, Sosnovy Bor, 2018.







Brief model description
	To calculate currents in the Koporye Bay of the Gulf of Finland, the POM (Princeton Ocean Model) we employed is based on the primitive equations and utilizes σ-coordinates in the vertical dimension. This model offers the additional advantage of describing vertical and horizontal turbulent transport through well-established parameterization schemes - specifically, the Mellor-Yamada scheme for vertical mixing and Smagorinsky formulation for horizontal diffusion (see http://www.ccpo.odu.edu/POMWEB/UG.10-2002.pdf).
This study analyzes chemical contaminants as hydrodynamically passive dissolved substances that do not participate in chemical or biological interactions, spreading within the water body under the influence of currents and turbulence. The dispersion of such a substance from point sources when using σ-coordinates can be described by the following equation:

where:
· D=H+ζ,
· H - is the water body depth,
· ζ - is the free surface elevation deviation from the undisturbed position,
· (U,V) - are the horizontal velocity components of currents,
· W - is the vertical velocity component (projection of the current velocity vector onto the σ-coordinate),
· C - is the contaminant concentration,
· KH - is the vertical turbulent diffusion coefficient,
· AH - is the horizontal turbulent diffusion coefficient calculated using the Smagorinsky formula,
· Qi - is the contaminant discharge rate at the i-th point source located at (xi,yi,σi),
· δ - is the Dirac delta function.

The discharge rate Qi is determined by: Qi = (Ci·Pi)/Vcell
where:
· Ci - is the contaminant concentration in the wastewater from the i-th source,
· Pi - is its volumetric flow rate,
· Vcell - is the volume of the grid cell containing the source.

The model assumes no contaminant exchange with either the atmosphere or the bottom. Thus, the boundary conditions are applied:
· At the free surface (σ = 0): [vertical flux condition]
· At the bottom (σ = 1): [bottom flux condition]
6
