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Executive summary

Changes to the report since Edition 3 Prel C of TR303

This Edition 4 report includes changes in several simulations as a result of the modelled increase in the total
flow of the cooling water discharge of Sizewell C (SZC) from 125 cumecs (m3 s-1) to 132 cumecs. This
change reflects the final design of the cooling water system for SZC and now includes the worst case flow for
the essential and auxillary cooling water systems. The combined flow through these two systems has a lower
combined temperature uplift than the flow through the cooling water system condensers. This decreases the
temperature of the cooling water discharged into the environment to an excess of 11⁰C instead of the
previously assumed 11.6⁰C. However, the water volume to be chlorinated is increased pro rata from 125 to
132 cumecs.

These changes affect all the simulations that consider SZC. In particular:
 TRO_2outf-May in Table 4
 Brom_2outf-May in Table 5,

The updated results are presented in the results section (Sections 3.1 and 3.2) and the discussion (Sections
4.1 and 4.2).

Furthermore, investigations to analyze whether the total residual oxidants (TRO) plume could act as a barrier
for fish migration and to study the exposure of passive particles (i.e. plankton) to excess temperatures/TRO
concentrations above the EQS are presented in Appendix B and C respectively.

Changes to the report since Edition 3 Prel B of TR303 (dated 28/9/2015)

This Edition 3 Prel C report provides a response to draft comments received on the Edition 3 Prel B version
of the report from the Environment Agency (EA) of 16th December 2015 and in the Level 4 WDA conference
call with the EA of 17th December 2015. In particular this report contains additional explanations of changes
to the text that occurred between Editions 2 and 3 of the report in:

i. Section 2.5 - changes to the ammonia baseline values and predicted Sizewell C discharges of
ammonia that led to changes in predicted unionised ammonia concentrations in Section 3.5; and

ii. Section 3.4 - changes to the predicted dissolved oxygen concentrations. (In fact, there are no
changes to the predicted values; edition 2 of the report misquoted the spatial average DO
concentration from the modelling results and this was corrected in Edition 3. Where appropriate,
sections of the report describing DO have been clarified to emphasise that calculated values are 5th

percentiles as required by the WFD standard)

Background

This report presents the results of modelling the chemical plume associated with the cooling water
discharges from the existing Sizewell B (SZB) and the proposed Sizewell C (SZC) nuclear power stations.
The modelling has been undertaken using the validated GETM model of Sizewell used for thermal plume
studies and previously described in BEEMS Technical Report TR302 and TR301. The report includes
modelled results for:

 Chlorination of the power station cooling water system to avoid bio-fouling. The total residual
oxidants (TRO) resulting from the combination of chorine and organic material in the water are
modelled using an empirical demand/decay formulation derived from experiments with Sizewell
seawater and coupled into the GETM Sizewell model.

 Chlorination by-products (CBP’s). Chlorination of sea water results in a complex series of reactions
with reaction products based on bromine chemistry. Bromoform was the only CBP detected in
laboratory experiments on Sizewell seawater. Bromoform loss is modelled in the GETM Sizewell
model through volatilization to the atmosphere, with the loss rate a function of the thermal
stratification and values obtained from the literature (see Mackay and Leinonen, 1975).
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 Addition of hydrazine to control the oxygen concentration in the secondary circuit of SZC. Hydrazine
is an oxygen scavenger used to prevent corrosion in the primary and secondary circuits of Sizewell
C. Hydrazine is modelled by using an empirical decay formulation derived from laboratory
experiments on Sizewell seawater and coupled into the GETM Sizewell model.

 Reduction in dissolved oxygen (DO) in seawater due to the warming effect of the discharge plume.
The Water Framework Directive (WFD) threshold is set as an annual 5th percentile, with High status
being > 5.7 mg/l and Good status being > 4 mg/l.

 Un-ionized ammonia where concentrations are defined in relation to the annual mean, where the
EQS is an annual mean of 21 µg/l.

This report includes modelling the effects of the combined discharge of SZB and SZC for all of the cases
except for Hydrazine where 2 chronic release scenarios from SZC has been modelled to date. Edition 4 of
this report will contain additional hydrazine discharge scenarios.

TROs

Based upon the known risk of biofouling at Sizewell, EDF Energy would need to chlorinate the Sizewell C
(SZC) cooling water (CW) system to maintain control over biofouling of critical plant. At those sites where
chlorination is required, EDF Energy’s operational policy for its existing UK fleet is to continuously dose
either throughout the year or during the growing season so as to achieve a minimum Total Residual Oxidant
(TRO) dose of 0.2 mg/l in critical sections of the CW plant. BEEMS Technical Report TR316 has presented a
recommended chlorination policy for the SZC cooling water system which would lead to an expected dose at
the SZC outfalls (approximately 3 km offshore) of approximately 0.1 mg/l.  However, the exact dosing
strategy and the subsequent compliance monitoring is not yet known so for the purposes of modelling a
precautionary discharge source term of 0.15 mg/l has been adopted. This report models the discharge of this
source term into the sea and the subsequent mixing and dilution in a tidal regime. For SZB the current
discharge license for a TRO concentration of 0.3 mg/l is modelled.

Analysis of the TRO modelling runs shows that the EQS will only be exceeded in the mixing zone at the
surface for SZC and both at the surface and seabed for SZB. An important observation from this modelling is
the separation of the TRO plumes from SZB and C discharges with no interaction between them down to the
level of 1 µg/l of TRO. This is important because it implies that, within reason, the chlorination regimes of the
two developments can be managed independently. The SZC discharge, despite being 21% larger by total
mass of TROs discharged than that of SZB, will have a smaller footprint in terms of both mean and 95th

percentile concentrations. This is due to the lower TRO discharge concentration, the deeper location of the
outfalls (15 m vs. 5 m for SZB) and the planned use of two outfalls at SZC.

Figure 1 illustrates the predicted Sizewell plumes at the sea surface and seabed as 95th percentile TRO
concentrations. Higher resolution images are presented later in the main report.
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Figure 1: Sizewell Plume maps at the surface (left) and seabed (right) as 95th percentile TRO concentrations.
The three darkest tones of purple are above the EQS of 10 µg/l, the lightest tone corresponds to 1 µg/l. The
area above the EQS at the seabed for the SZC plume is too small to be seen on the right-hand image.

For the Outer Thames Estuary SPA the area exceeding the TRO EQS at the seabed is essentially
unchanged between SZB and SZB+SZC at approximately 166 ha or 0.04% of the SPA. This is because the
seabed plume area at the EQS due to the SZC discharge is only approximately 1 ha. At the surface the area
of exceedance of the EQS increases from 389 ha to 726 ha or from 0.1% of the waterbody area to 0.2%.
The two surface plumes do not mix and have areas at the EQS of 389 ha and 337 ha for SZB and SZC
respectively

For the Suffolk Coastal waterbody, the SZC TRO discharge has no additional effect on the area of the
waterbody already affected by the SZB discharge plume at the surface or the. This is because the SZC TRO
plume does not mix with the SZB plume and only occurs outside the WFD boundary, which extend to 1nm
from the coast.

Chlorination by-products (bromoform)

As a result of chlorination, a series of chlorination by-products are generated dependent on the properties of
the seawater. The most important CBP’s are, in order, bromoform, dibromochloromethane (DBCM),
bromodichloromethane (BDCM), monobromaceitic acid, dibromoaceitic acid (DBAA), dibromoacetonitrile
(DBAN) and 2,4,6 tribromophenol and, of these, only bromoform was at detectable levels in laboratory
experiments carried out with Sizewell waters. The bromoform release concentration depends on the dose of
chlorine that is used in the power plant. BEEMS Technical Report TR217 analyses the resulting bromoform
concentrations for different doses of chlorine. For the purposes of modelling, the worst case, corresponding
to a discharge of 29 ng/l of bromoform for SZB and 19 ng/l for SZC was considered. There is no published
EQS for bromoform and so a calculated PNEC (Predicted No-Effect Concentration) of 5 µg/l as a 95th

percentile has been used in this report.
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The results of the simulations are similar to those for TRO:

 The PNEC is exceeded only at the surface for SZC and at the surface and the seabed for SZB.

 SZB and SZC plumes do not interact.

 The footprint of SZB is higher than that of SZC.

Figure 2 illustrates the predicted Sizewell plumes at the sea surface and seabed as 95th percentile
bromoform concentrations. Higher resolution images are presented later in the main report.

Figure 2: Sizewell plume maps at the surface (left) and seabed (right) as 95th percentile bromoform
concentrations. Only the area above the PNEC of 5 µg/l is shown. The SZC plume does not exceed the
PNEC at the seabed.

For the Outer Thames Estuary SPA the area exceeding the PNEC of 5 µg/l at the seabed is essentially
unchanged between SZB and SZB+SZC at around 130 ha or 0.03% of the SPA area. At the surface the area
of exceedance of the PNEC increases from 306 ha to 357 ha, which represents 0.08% and 0.09% of the
SPA area, respectively. The two surface plumes do not overlap and have areas at the PNEC of 306 ha and
51 ha for SZB and SZC respectively.

For the Suffolk Coastal waterbody, the SZC bromoform discharge has no effect on the area of the waterbody
already affected by the SZB discharge plume at the seabed. This is again because the SZC near bed plume
never reaches the PNEC concentration. At the surface there is a slight increase in the area of exceedance
from 303.52 ha (SZB only) to 305.31 ha (SZB+SZC), representing the 2.07% and the 2.08%, respectively.
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Hydrazine

Hydrazine is an oxygen scavenger and is used in power plants to inhibit corrosion in steam generation
circuits. Hydrazine will be used in the primary and secondary circuits of SZC during the various
commissioning phases, routine operation and during maintenance shutdowns and each scenario will have a
different discharge source term as described in BEEMS Technical Report TR347,

There is evidence that hydrazine is harmful to aquatic organisms at low concentrations with the lowest acute
six-day EC50 of 0.4 µg/l for growth inhibition of a marine alga, Dunaliella tertiolecta. Hydrazine persistence in
the marine environment is low to moderate dependent upon its concentration and the water quality. There is
no established EQS for hydrazine and so a chronic PNEC (Predicted No-Effect Concentration) of 0.4 ng/l
has been calculated for long term discharges (calculated as the mean of the concentration values) and an
acute PNEC of 4 ng/l for short term discharges (represented by the 95th percentile).

In this report, the worst-case daily discharges from the turbine hall have been modelled corresponding to an
annual hydrazine discharge of 24 kg per annum into the cooling water flow at the seal pit. To understand the
impact of different discharge rates from the treatment tanks two different scenarios were studied in which
approximately the same mass of hydrazine is released into the environment but in pulses of different
duration: 69 ng/l  for 2.32 h a day and 34 ng/l  for 4.63 h a day. The results of the simulations show that both
scenarios gave similar results.The calculated concentrations of hydrazine are higher at the surface than at
the seabed. Figure 3 illustrates the predicted Sizewell plumes at the sea surface and seabed as mean
hydrazine concentrations. Higher resolution images are presented later in the main report.

Figure 3: Sizewell plume maps at the surface (left) and seabed (right) as 95th percentile hydrazine
concentrations. The areas surrounded by a black contour are above the acute PNEC of 4 ng/l.
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The chronic PNEC is exceeded at the surface and also at the seabed, although in the later case, an area of
less than 1 ha is affected for both discharge scenarios. The acute PNEC is exceeded at the surface (less
than 18ha) and also at the seabed, but only in the case of the 69 ng/l release for an area of 0.13 ha.

For the Outer Thames Estuary SPA the area exceeding the chronic PNEC (0.4 ng/l as an average) is less
than 1 ha either if hydrazine is released in shorter pulses (Hydrazine_SZC_69ng_May) or in longer pulses
(Hydrazine_SZC_34ng_May), representing in both cases less than 0.01% of the SPA. At the surface the
area of exceedance of the chronic PNEC is very similar (160 and 157 ha, respectively), which represents in
both cases 0.04% of the SPA area.

The SZC hydrazine plume does not intersect with the Suffolk coastal waterbody.

Dissolved Oxygen

The results of the dissolved oxygen (DO) calculations for SZB+SZC indicate minimum surface DO
concentrations of 6.4 mg/l for a small area near the SZB discharge and 6.9 mg/l near the SZC discharge.
The 95th percentile oxygen concentration is > 7.2 mg/l for 99% of the model domain.

The spatial average DO concentration in the WFD waterbody is 7.52 mg/l for the 95th percentile present
temperature condition, representing a High Status. The effect of operating SZC in combination with SZB is to
reduce the DO concentration in the WFD waterbody to 7.42 mg/l or by 1.3%. The waterbody classification
would remain at High status under WFD regulations.

Un-ionised Ammonia

The calculations for un-ionised ammonia predict no exceedance of the EQS in the SPA or WFD coastal
waterbody with a predicted annual mean over the model domain (which represents Greater Sizewell Bay) of
0.25 µg/l; substantially beneath the EQS of 21 µg/l. Even under worst case conditions, the predicted un-
ionised ammonia concentrations would not exceed 1.6 µg/l. The operation of SZC therefore has a negligible
effect on the existing un-ionised ammonia levels in the model domain.
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1 Background

This report presents the results of modelling the chemical plume associated with the cooling water discharge
from existing Sizewell B (SZB) and the proposed Sizewell C (SZC) nuclear power stations. The modelling
has been undertaken, either because the Sizewell C H1 assessment (BEEMS Technical Report TR193) has
highlighted the need for more modelling e.g. for Chlorination and Hydrazine, or because there was a
potential concern over the secondary effects of the thermal plume discharge e.g. to the concentration of
Dissolved Oxygen or un-ionised Ammonia over a wider geographic scale.

The modelling has been undertaken using the validated GETM model of Sizewell used for thermal plume
studies and previously described in BEEMS Technical Report TR302 and TR301 and which was chosen to
support the chemical runs because it is better able to reproduce the natural variability due to meteorological
and tidal conditions.

The chemical discharges or processes investigated in this report are as follows:

 Chlorination of the power station cooling water system to avoid bio-fouling. The total residual
oxidants (TRO) resulting from the combination of chorine and organic material in the water are
modelled using an empirical demand/decay formulation derived from experiments with Sizewell
seawater and coupled into the GETM Sizewell model.

 Another consequence of the chlorination of the power station is the formation of chlorination by-
products (CBP’s) as a result of complex chemical reactions in seawater. A large number of products
are formed, the number and type being dependent on the composition and physical parameters of
the seawater. The dominant CBP’s are, in order, bromoform, dibromochloromethane (DBCM),
bromodichloromethane (BDCM), monobromaceitic acid, dibromoaceitic acid (DBAA),
dibromoacetonitrile (DBAN) and 2,4,6 tribromophenol. Laboratory studies carried out with
chlorinated Sizewell seawater only detected bromoform (BEEMS Technical Report TR217).
Bromoform is lost through volatilization to the atmosphere, with the loss rate a function of the
thermal stratification and values obtained from the literature (see Mackay and Leinonen, 1975) and
coupled into the GETM Sizewell model.

 Addition of hydrazine to control the oxygen concentration in the primary circuit. Hydrazine is an
oxygen scavenger, whose primarily purpose is the removal of oxygen from the system. In this sense,
it contributes to the prevention of corrosion by creating a reducing environment. Hydrazine is
modelled by using an empirical decay formulation derived in the laboratory and coupled into the
GETM Sizewell model.

 Reduction in dissolved oxygen (DO) in seawater due to the warming effect of the discharge plume.
The Water Framework Directive (WFD) threshold is defined with respect to the 95th percentile, with
High status being > 5.7 mg/l and Good status is > 4 mg/l.

 Un-ionised ammonia where concentrations are defined in relation to the annual mean, where the
EQS is an annual mean of 21 µg/l.

The potential effects of the chemical plume are on the local biology and so modelling studies have been
focused on the period of the year of highest biological productivity. The month of May was chosen due to
having the highest phytoplankton growth which drives the whole marine ecosystem. One of the effects
investigated was chlorination of the cooling water system to deter settling of biofouling organisms; in
particular blue mussel larvae (Mytilus edulis, Linnaeus, 1758). Control measures will need to be applied
during May as it coincides with mussel spawning and larval dispersion.

As in the Stage 3 thermal modelling report (BEEMS Technical Report TR302) the SZC chemical discharge
plume is modelled for the planned Sizewell C cooling water (CW) configuration 12, with offshore intakes at
locations I3 and I4 and an offshore outfall at O9 (see Figure 4). Each intake tunnel has 2 intake heads and
the outfall tunnel has 2 outfall heads (O9a and O9b 75m further east). As described in BEEMS Technical
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Report TR301, the geotechnical data necessary to finalise the location of the outfall structure is not yet
available but from modelling the thermal plumes at various outfall locations it has been concluded that
location O9, which is at the most westerly location from a constructability assessment, represents a worst
case. Any outfall located further to the east would produce lower thermal effects. SZB will be operational until
at least 2035 and therefore most of the modelled scenarios in this study consider the worst case of a
simultaneous cooling water discharge from both SZB and SZC.

Figure 4: Location of Sizewell B and preferred Sizewell C cooling water structures.

Since Edition 3 of this report, the total cooling water abstraction has increased from 125 cumecs to 132
cumecs. This is not due to a change in cooling water design, but considers additonal supply to the essential
and auxillary cooling water systems. A maximum of 8.6% of the total cooling water flow (2 x 65.9 cumecs
during standard operation) would supply the essential and auxiliary cooling water systems via band screens
and the remaining 91.4% (120 cumecs) would supply the main cooling water systems (CRF) via the station
drum screens. The thermal uplift of the 12 cumecs that supplies the essential and auxiliary cooling water
systems would be 6.6°C ΔT. In the absence of full details on the design of the SZC cooling water system,
thermal modelling in 2015 assumed a total discharge of 125 cumecs which would be discharged at 11.6°C
ΔT (BEEMS Technical Report TR302). This is within 1.4% of the total heat flux of the estimated cooling
water discharge of SZC of 131.8 cumecs at a net 11.15°C thermal uplift and the modelling reported in TR302
is, therefore, considered of sufficient accuracy for thermal assessment purposes and has not been repeated.

To account for this additional cooling water flow, the assessment of the TROs and bromoform have been
updated for Edition 4 of this report to include the additional flow. The results of the assessments for
hydrazine, dissolved oxygen and un-ionised ammonia remain unchanged from Edition 3 (i.e. 125 cumecs @
11.6°C ΔT) as the existing results represent a more conservative estimate due to the additional flow rate at
cooler temperatures reducing the impact.

I4 a,b,c

I3a,b,c
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1.1 Model runs in this report

The GETM Sizewell model runs used in this report are listed in Table 4, Table 5 and Table 6 (for TRO, CBPs
and hydrazine respectively). The location of the cooling water heads are shown in Figure 4. O9a and b are
EDF Energy’s proposed SZC outfall locations and I3/I4 a and b locations are the preferred options for the
SZC intake locations; the alternative I3/I4 c intake locations that were modelled in TR301 are reserve
options.

TROs
Sizewell B has a permit to discharge cooling water with a maximum TRO concentration of 0.3 mg/l all year
round and this source term has been used for the modelling studies in this report. For SZC the TRO
concentration at the outfall will depend on the chlorination strategy within the power station. BEEMS
Technical Report TR316 presents an analysis of the possible chlorination options for SZC and a
recommendation for a preferred strategy that is based upon minimising environmental effects whilst
maintaining the safe operation of the plant. TR316 recommends that a worst-case TRO concentration of
0.15 mg/l at the outfalls should be used for plume modelling purposes based upon the preferred chlorination
option 3 in that report. This is the source term adopted for the modelling studies in this report.

CBPs
The amount of bromoform that is discharged mainly depends on the amount of chlorine that is added, but
also on the amount of mixing. In laboratory experiments (BEEMS Technical Report TR217), different
concentrations of bromoform are obtained from the same initial concentration when stirring and preservation
are undertaken. Evident from Table 1 is that stirring, as might be expected in a turbulent discharge, appears
to reduce bromoform concentration. It can be seen that preserved unstirred replicate samples following
addition of 0.5 mg/l Cl2 had 19 µg/l of bromoform compared to the much higher value of 29 µg/l that was
reported for unstirred and unpreserved replicate samples.

Table 1: Concentration of bromoform obtained in the lab after the addition of a certain concentration of
chlorine, at different conditions (stirring/not stirring, preserving/not preserving) and times after the addition of
chlorine.

Chlorine
concentration

Stirred/No
stirred Preserved/Unpreserved 15 min 30 min 60 min 6

hours
24
hours

Avg. Avg. Avg. Avg. Avg.

0.25 mg/l
Stirred Preserved 5.33 5.33 4.00 0.00 0.00

Unpreserved 7.67 6.33 4.67 0.33 0.00

Not stirred Preserved 6.67 7.00 7.33 6.67 4.67
Unpreserved 9.33 8.67 9.00 6.67 5.00

0.5 mg/l
Stirred Preserved 15.00 13.67 10.67 2.00 0.00

Unpreserved 24.00 20.67 14.00 2.67 0.00

Not stirred Preserved 16.67 19.00 18.33 19.67 15.33
Unpreserved 28.67 26.00 22.67 21.00 15.33

In order to determine the amount of bromoform that is released from SZB and SZC outfalls it is necessary to
know the dose of chlorine that was added, after one minute, to obtain a TRO concentration of 0.3 mg/l for
SZB and 0.2 mg/l for SZC. The value of 0.15 mg/l that is used for modelling purposes includes the decay
effect of TRO after travelling along the tunnel before being released. From Table 2 it can be seen that the
initial chlorine dose to reach a TRO concentration of 0.3 mg/l for SZB is 0.5 mg/l. The initial dose to obtain
the 0.2 mg/l for SZB was calculated by linear interpolation, giving as a result 0.375 mg/l of chlorine.
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Table 2: Initial dose of chlorine and the resulting TRO concentration after 1 min. These values are obtained
from BEEMS Technical Report TR217.

Chlorine initial dose
(mg/l)

TRO concentration after one minute
(mg/l)

0.25 0.1
10.375 0.2
0.5 0.3
1 0.78

Once the concentration of chlorine is known, the amount of bromoform that is released can be obtained from
Table 1.  As a conservative, worst case estimate the unstirred/unpreserved results, have been used and the
bromoform concentrations used for the modelling are shown in Table 3.

Table 3: Concentration of bromoform corresponding to a certain dose of chlorine. Obtained from Table 1.

Chlorine initial dose
(mg/l)

Bromoform concentration
(µg/l)

0.25 9.33
20.375 (SZC) 19
0.5 (SZB) 28.67 ~ 29

Therefore, the concentration of bromoform released from SZB and SZC will be 29 µg/l and 19 µg/l,
respectively.

Hydrazine
In this report the worst-case daily discharges from the turbine hall have been modelled corresponding to an
annual hydrazine discharge of 24 kg per annum into the cooling water flow at the seal pit (BEEMS Technical
Report TR347). To understand the impact of different discharge rates from the treatment tanks, two
discharge scenarios were studied for SZC: the first one considering a hydrazine discharge of 69 ng/l in daily
pulses of 2.32 h starting at 12 pm, and the second one of 34.5 ng/l of hydrazine discharged in daily pulses of
4.63 h duration starting at 12 pm (see Table 6). Notice that the amount of mass that is released in each of
these scenarios is the same. Due to the pulse-like discharge, the interpretation of the short-term results
(daily) is biased to the moment of the tidal cycle when hydrazine has been released. In order to minimize this
aliasing with the tidal signal, the simulation period has been fixed to 28 days (from the 1st May to the 29th

May), which corresponds to two complete tidal cycles. Figure 5 shows the modelled surface elevations at
SZC outfall for the simulation period, together with the period (marked in red) during the tidal cycle when
hydrazine is released in pulses according to each of the two scenarios described above.

1 This value was calculated by linear interpolation.
2 This value was calculated by linear interpolation.
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Figure 5: Hydrazine release along the tidal cycle. Top: scenario 1 (69 ng/l release in daily pulses of 2.32 h).
Bottom: scenario 2 (34 ng/l release in daily pulses of 4.63 h).
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Table 4: GETM TRO modelling runs used in the report.

Table 5: GETM Bromoform (CBP’s) modelling runs used in the report.

Run ID Description Intake
location

Discharge
location

TRO
discharge at
the outfall
(µg/l)

Discharge
flow and
Delta T
(m3/s @ °C)

Time period

TRO_2outf-
May

Conf12 with
TRO
discharge
from SZC
and SZB

IB

I3a, I3b

I4a, I4b

OB

O9a, O9b

300

150,150

51.5 @ 11.0

132 @ 11.0

1/5/2009-

1/6/2009

TRO_2outf-
MayTROB

Conf12 with
TRO
discharge
from SZB
only

IB OB 300 51.5 @ 11.0 1/5/2009-

1/6/2009

ReferenceV2
-annual

SZB IB OB n.a. 51.5 @ 11.0 1/1/2009 –

1/1/2010

Conf12-
annual

SZB and
SZC

IB

I3a, I3b

I4a, I4b

OB

O9a, O9b

n.a. 51.5 @ 11.0

125 @ 11.6

1/1/2009 –

1/1/2010

Run ID Description Intake
location

Discharge
location

Bromoform
discharge at
the outfall

(µg/l)

Discharge
flow and
Delta T
(m3/s @ °C)

Time period

Brom_2outf-
May

Conf12 with
Bromoform
discharge
from SZC
and SZB

IB

I3a, I3b

I4a, I4b

OB

O9a, O9b

29

19,19

51.5 @ 11.0

132  @ 11.0

1/5/2009-

1/6/2009

Brom_SZB_
May-29

Conf12 with
Bromoform
discharge
from SZB
only

IB OB 29 51.5 @ 11.0 1/5/2009-

1/6/2009

Conf12-
annual

SZB and
SZC

IB

I3a, I3b

I4a, I4b

OB

O9a, O9b

n.a.

n.a.

51.5 @ 11.0

125 @ 11.6

1/1/2009 –

1/1/2010
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Table 6: GETM Hydrazine modelling runs used in the report.

Run ID Descriptio
n

Intake
location

Discharge
location

Hydrazine
discharge at
the outfall
(ng/l)

Discharge
flow and
Delta T
(m3/s @ °C)

Time period

Hydrazine_S
ZC_69ng-
May

Conf12 with
hydrazine
discharge
from SZC
only

IB

I3a, I3b

I4a, I4b

OB

O9a, O9b

0

69

(in pulses of
2.32h a day)

51.5 @ 11.0

125 @ 11.6

1/5/2009-

29/5/2009

Hydrazine_S
ZC_34ng-
May

Conf12 with
hydrazine
discharge
from SZB
only

IB

I3a, I3b

I4a, I4b

OB

O9a, O9b

0

34

(in pulses of
4.63h a day)

51.5 @ 11.0

125 @ 11.6

1/5/2009-

29/5/2009

Conf12-
annual

SZB and
SZC

IB

I3a, I3b

I4a, I4b

OB

O9a, O9b

n.a. 51.5 @ 11.0

125 @ 11.6

1/1/2009 –

1/1/2010
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2 Methodology

2.1 Chemical model of chlorine

The chlorine decay in the environment was modelled using the kinetics based formulation of the one-
dimensional diffusion equation for constant discharge into flowing water (Fischer et al. 1979). As chlorine
reacts with organic compounds in the sea water, multiple chemical species appear. In terms of toxicity, of
concern is both the free chlorine but also in combined forms, which is here designated as total residual
oxidants (TRO). The following model was fitted to experimental data using local water samples (BEEMS
Technical Report TR143 Ed 2):

𝜕𝑐𝑙
𝜕𝑡 = −𝑘2𝑐𝑙2𝑠 − 𝑘1𝑐𝑙

𝜕𝑠
𝜕𝑡 = −𝑘2𝑐𝑙2𝑠

𝑐𝑙(𝑡 = 0) = 𝑐𝑙0

𝑠(𝑡 = 0) = 𝑠0

where cl is the concentration of total residual oxidants (mg/l) and s is a general reactive compound (mg/l).
The following coefficients were fitted to four laboratory experiments (BEEMS Technical Report TR143 Ed 2):

𝑘1 = 4.1 × 10−5 s−1

𝑘2 = 7.8 × 10−3 s−1(mg l−1)−2

𝑠0 = 0.60 mg l−1

The effect of temperature on the TRO decay was investigated in the laboratory for temperatures of 15°C,
22°C and 30°C. The results were inconclusive and the effect was second order when compared with
demand (BEEMS Technical Report TR142). As such temperature was not considered in this decay model.

In the UK, there is a Maximum Allowable Concentration (MAC) for total residual oxidants in seawater of
10    µg/l (Davis, 1992). This forms the Environmental Quality Standard (EQS) for acute concentrations, which
is taken as the 95th percentile of the concentration values. In the results both the average concentrations and
the 95th percentile are presented. No EQS has been set for mean or chronic concentrations.

2.2 Chemical model for bromoform

The loss of bromoform from the system will be mostly due to volatilization to the atmosphere. Its
concentration in the water was modelled by Mackay and Leinonen (1975) following results by Liss and Slater
(1974) with the following exponential decay with time and depth:

𝐶(𝑡) = 𝐶(0)𝑒
𝑘𝑏𝑟𝑜𝑚𝑡

𝑑

where C(t) is the concentration of bromoform at time t, C(0) is the initial concentration, kbrom = -1.1389x10-5

and d is water depth in meters. This results in an equivalent half-life of 16.9 hours for a depth of 1 m.

There is no published EQS for bromoform and so a calculated Predicted No-Effect Concentration (PNEC) of
5 µg/l (Taylor, 2006) calculated as the 95th percentile of the concentrations has been used in this report.
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2.3 Chemical model of hydrazine

When introduced into seawater, hydrazine concentrations are observed to decrease with time. The
methodology for deriving decay rates for Sizewell is explained in TR145 (Ed 2) updated in 2015. Briefly,
varying doses of hydrazine were added to seawater samples collected offshore off Sizewell, with subsequent
concentrations then measured over time. For a given start concentration, the data can be fitted reasonably
well with an exponential decay law.

As a pragmatic approach for modelling, a first order decay of hydrazine concentration ℎ (mg/l) was assumed:

𝑑ℎ
𝑑𝑡 = −𝑘ℎℎ

but with a suitable concentration dependent decay constant kh (s-1) derived from experiment. For an initial
concentration of hydrazine 100ng/l, the result decay rate kh = 6 x 10-6 s-1.

Recent experimental work with more sensitive detection methods has been undertaken and initial results
indicates that the decay rate continues to increase at lower concentrations (BEEMS Technical Report
TR352). It is therefore considered likely that the present simulations represent a conservative worst case.

For the assessment of the Sizewell C hydrazine discharges, a chronic PNEC (Predicted No-Effect
Concentration) of 0.4 ng/l is proposed for long term discharges (calculated as the mean of the concentration
values), whereas an acute PNEC of 4 ng/l is considered for shorter term discharges (represented by the 95th

percentile).

2.4 Dissolved Oxygen

At a constant salinity, temperature has a direct effect on the concentration of dissolved oxygen (near linear).
However, in sea water there are a number of biological processes which affect oxygen concentration, by
either consumption (respiration) or production (primarily photosynthesis). The biological processes are
difficult to model and are best parameterised from existing data. What is known is that in the process of
extraction of cooling water through the power station, the cooling water undergoes a number of pressure
changes. Whilst these may be expected to release dissolved gas, it is apparent from a lack of build-up of gas
in the cooling water systems that any gas released under negative pressure is subsequently re-dissolved
when the pressure becomes positive. There are also chemicals used inside the plant (principally hydrazine)
which would be expected to consume oxygen as part of their decay process; however, these chemicals are
discharged in very small quantities compared to the cooling water discharge volume. The proposed SZC CW
discharge is 132 m3/s and at approximately 8 mg/l of dissolved oxygen, this equates to 1.06 kg of dissolved
oxygen every second whereas the proposed maximum hydrazine discharges are 28 kg per year.

The dominant effect on oxygen concentration in the plume therefore comes from the change in temperature
and the likely saturation of the warm plume. The plume as it comes out of the power station will be warmer
(approximately +10 to +13 ºC) than the intake and will have less capacity to carry oxygen. If the original
intake water was fully saturated, then the hotter water will be supersaturated (as the O2 has nowhere to go)
and will escape to the atmosphere soon after discharge. Subsequent to this the plume will remain on the
surface and equilibrate (in the absence of biological processes) to the atmospheric concentration and remain
at approximately 100% saturation.

The plume will mix and cool; as it mixes it will reduce the dissolved oxygen carrying capacity of the water it
mixes with as the resultant temperature of the mixed water is higher than that of the background. As the
plume cools and whilst it is at the surface and still in contact with the atmosphere, it will be able to absorb
oxygen from the atmosphere. Thus, maps of the spatial extent of the plume which incorporate both the
mixing and cooling processes are reliable indicators of the maximum oxygen content when at 100%
saturation. However, in some water bodies, due to biological oxygen demand, the observed oxygen values
are reduced below those of saturation. If such a body of water were to be heated then it would not reduce
the oxygen available, as long as it stayed below 100% saturation. A more appropriate line of reasoning is to
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consider that the demand has drawn down the level from fully saturated to the observed value. This same
extent of demand should therefore be applied to the fully saturated higher temperature plume.

In the specific case of Sizewell Bay there is no evidence of high biological oxygen demand. A number of
surveys designed to measure water quality at Sizewell were undertaken over a year; the results of which are
presented in BEEMS Technical Report TR189. An extract of the results relevant to oxygen and salinity are
presented in the Appendix A. Stations 1 – 8 are in the existing Sizewell B plume, while stations 10, 12 are
reference sites away from the thermal plume. The results show that there are no apparent oxygen deficits in
this water; the minimum oxygen saturation from 83 observations is 91% and the average is 101% saturation.
This is not surprising as the tides are strong and the water depths are relatively shallow. There is strong
vertical mixing and away from the thermal plume the system is well mixed.

Calculations of the concentration of dissolved oxygen at saturation have been derived from the GETM model
output using mean salinity values (33.27) from the annual data obtained during 2010, and the derived
temperature fields from each run using the method of Benson and Krause (1984). As the field observations
showed no biological demand, none has been applied to the results.

The issue with dissolved oxygen is to avoid low values, the WFD threshold for dissolved oxygen is the 5th

percentile i.e. that concentration which will be exceeded 95% of the time. In relation to the effect of the
thermal plume, it is the temperature that directly determines the dissolved oxygen concentration in an
inverse relationship, high temperatures lead to low dissolved oxygen concentration. The calculation method
used in this report is therefore to use the 95th percentile temperature fields derived from the model to
generate the dissolved oxygen concentration that would be expected at 100% saturation, which gives the 5th

percentile dissolved oxygen field across the whole domain.

2.5 Un-ionised Ammonia

Criteria for defining the level of un-ionised ammonia that is acceptable have been defined by the UK
Technical Advisory Group (UKTAG) (Johnson et al., 2007). Un-ionised ammonia concentrations have been
calculated using the Environment Agency provided calculator (Clegg et al.,1995) using the GETM output for
temperatures and observed values for salinity, pH and background ammonia levels. The regulatory approach
for ammonia considers an annual average. The model runs replicate an annual cycle. Results have therefore
been derived using an average temperature and average ammonia values and are shown in Table 7. As the
criteria is easily met, for completeness and consideration of the worst case, results are also presented with
95th percentile temperatures and mean ammonia, pH and salinity, as well as 95th percentile values of pH and
ammonia and the 5th percentile value of salinity with mean temperature. These values are also summarised
in Table 7.

Table 7: Values used for calculation of unionised ammonia.

Salinity Ammonia (NH4)
µg/l pH

5th centile (yearly) 31.62 Not applicable Not applicable
Mean (yearly) 33.27 14.4 8.03
95th centile (yearly) Not applicable 34.2 8.23

A series of 15 surveys undertaken in 2010 across the seasonal cycle established a water quality baseline for
the Sizewell region (BEEMS Technical Report TR189). A subcontracted analytical laboratory analysed 83
samples for ammonia. The results from this survey showed a mean ammonia concentration of 420 µg/l with
a 95th percentile of 470 µg/l. These ammonia values have subsequently been regarded as suspect and they
do not agree with WFD measurements undertaken by the Environment Agency in the Suffolk Coastal
waterbody (but with no measurements taken in Sizewell Bay) which indicated mean ammonia values of
approximately 20-27 µg/l (BEEMS Technical Report TR131). A second series of monthly measurements at 4
stations in Sizewell Bay including one near to the SZB outfall were therefore undertaken in 2014-2015
(BEEMS Technical Report TR314) which included ammonia determinations undertaken by Cefas. These
surveys provide the values used in Table 7. These results are regarded as reliable and have been used for
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the calculation of unionised ammonia in subsequent editions of this report (Edition 2 used the incorrect
values of mean ammonia concentration of 420 µg/l).

Figure 6: Temperature and Salinity from monthly sampling in 2014 at 4 Sizewell locations, including the SZB
discharge location (BEEMS Technical Report TR326).

Apparent from the monthly surveys, Figure 6, there was a clear trend in salinity and temperature, with the
lowest salinities associated with the winter months. However, in relation to the calculation of un-ionised
ammonia, the highest values result from high temperature and low salinity. Therefore, using mean salinities
is a highly conservative assumption.

In the operational phase, SZC will discharge ammonia from plant conditioning chemicals and the on-site
sewage treatment plant. The maximum annual discharge of nitrogen (as ammonia ions) from circuit
conditioning for two EPRs is 13,009 kg and the worst case sanitary loading during an outage is calculated to
be 1,278 kg giving a worst case ammonia discharge of 14,287 kg 3. This gives a calculated mean ammonia
discharge concentration of 3.9 µg/l at the outfall assuming a worst-case cooling water discharge rate of
116 m3/s (These values have been updated since Edition 2 of this report). As a conservative assumption this
value has been added to the regional background mean and 95th percentile values for the purpose of
deriving the unionised ammonia calculation.

3 BEEMS Technical Report TR193 Sizewell C H1 Assessment – supporting data report.
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3 Results

3.1 Total Residual Oxidant modelling

Two scenarios were considered: chlorination of SZB plus SZC operating in combination, and chlorination of
SZB only. For each model run a month-long simulation was analysed and the mean and 95th percentile of
the TRO concentrations was extracted. The maps representing the extent of the TRO plume are shown in
Figure 7 to Figure 14 and summarised in Table 8.

Table 8: Content of the figures containing the TRO plume extent maps.

Figure number Model run Quantity Model level

Figure 7

TRO_2outf_May –

 Chlorination of SZB and SZC
mean

seabed
Figure 8

surface
Figure 9

95th percentile

seabed
Figure 10

surface
Figure 11

TRO_2outf_MayTROB –

Chlorination of SZB only
mean

seabed
Figure 12

surface
Figure 13

95th percentile

seabed
Figure 14

surface

The most obvious feature of the TRO plume is that it is a long, narrow plume following the coast. The SZB
plume is always within the channel inshore of the Sizewell-Dunwich Bank and does not overlap with the SZC
plume that is outside the Bank. Both plumes are strongly stratified with larger areas at the surface than at the
seabed. The SZC plume is generally smaller and narrower than that due to SZB. The exception is at the 1
and 2 µg/l contour for the 95th percentile where the SZC plume has a longer extent but at higher
concentrations the SZC plume is always smaller (see Figure 9 and Figure 10). This is due to the lower initial
discharge concentration and greater water depth at the SZC outfall location (16 m vs. 5 m for SZB outfall).

Table 9 presents the area of the plume that exceeds a number of concentration threshold. For
completeness, not only the EQS value was included but also other values between 1 and 20 µg/l.
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Figure 7: Mean TRO concentration at the seabed for chlorination from SZB and SZC (run TRO_2outf_May).
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Figure 8: Mean TRO concentration at the surface for chlorination from SZB and SZC (run TRO_2outf_May).
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Figure 9: 95th percentile of the TRO concentration at the seabed for chlorination from SZB and SZC (run
TRO_2outf_May).
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Figure 10:  95th percentile of the TRO concentration at the surface for chlorination from SZB and SZC (run
TRO_2outf_May).
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Figure 11: Mean TRO concentration at the seabed for chlorination from SZB only (run
TRO_2outf_MayTROB).
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Figure 12: Mean TRO concentration at the surface for chlorination from SZB only (run
TRO_2outf_MayTROB).
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Figure 13: 95th percentile of the TRO concentration at the seabed for chlorination from SZB only (run
TRO_2outf_MayTROB).
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Figure 14: 95th percentile of the TRO concentration at the surface for chlorination from SZB only (run
TRO_2outf_MayTROB).
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Table 9: Area of the plume at different levels of TRO concentration.

Model run Concentration
(µg/l)

95th percentile
surface (ha)

95th percentile
seabed (ha)

mean surface
(ha)

mean seabed
(ha)

TRO_2outf_M
ay -
Chlorination of

SZB + SZC

1 5450.62 3662.90 1704.96 579.31
2 3302.04 1415.19 869.52 234.26
4 1710.23 428.15 412.22 129.41
6 1214.69 251.53 238.07 64.03
8 928.17 200.28 157.89 27.14

EQS 10 726.21 167.09 112.81 16.82
15 436.56 101.93 64.82 8.63
20 289.88 52.03 44.07 4.93

TRO_2outf_M
ayTROB -
Chlorination of

SZB only

1 1652.14 1136.86 756.49 363.33
2 1206.05 559.80 460.55 226.41
4 821.87 332.72 257.02 126.72
6 618.00 244.24 168.21 63.02
8 483.09 197.14 122.90 27.03

 EQS 10 388.56 164.96 94.98 16.60
15 264.98 101.26 60.11 8.41
20 192.32 51.70 42.50 5.16

The TRO plume areas at the EQS (10 µg/l as a 95th percentile) intersecting with the Outer Thames Estuary
SPA and the WFD Suffolk Coastal Waterbody have been calculated and are shown in Table 10.

Table 10: Areas exceeding the TRO EQS in designated waters.

Model
TRO=10 µg/l
as a 95th

percentile

SPA (Outer Thames Estuary
379,771.66 ha)

WFD (Suffolk Coastal Waters
14653.59 ha)

surface seabed surface seabed

SZB+SZC

ha 725.77 166.84 387.17 163.28

% of
designated
area

0.19 0.04 2.64 1.11

SZB only

ha 389.15 165.75 386.28 162.95

% of
designated
area

0.1 0.04 2.64 1.11

For the Outer Thames Estuary SPA the area exceeding the EQS at the seabed is essentially unchanged
between SZB and SZB+SZC at around 166 ha or 0.04% of the SPA area. This is because the seabed plume
area at the EQS due to the SZC discharge is approximately 1 ha. At the surface the area of exceedance of
the EQS increases from 389 ha to 726 ha or 0.1% to 0.19% of the SPA area. The two surface plumes do not
overlap and have areas at the EQS of 389 ha and 337 ha for SZB and SZC respectively.
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For the Suffolk Coastal waterbody, the SZC TRO discharge has no effect on the area of the waterbody
already affected by the SZB discharge plume at the surface or the seabed. This is because the SZC plume
does not mix with the SZB plume and only occurs outside the WFD boundary of 1 nm from the coast.

In addition to the mean and 95th percentile areas, the instantaneous areas that exceed the EQS (10 µg/l)
and a concentration of 50 µg/l for SZB and SZC through time are shown in Figure 15 and Figure 16,
respectively.

Figure 15 shows that the average area of the surface plume exceeding the EQS is around 175 ha, but
presents strong variability along the month, with values ranging from approximately 80 ha up to 437 ha. At
the seabed, the areas are smaller and less variable, with a mean area of 40 ha, a minimum of 2 ha and the
maximum of 93 ha. The area of the TRO plume exceeding concentrations of 50ug/l is almost 10 times
smaller than that exceeding the EQS, either at the surface and at the seabed. At the surface the average
area is 20 ha, with a minimum of 6 ha and a maximum of 62 ha. At the seabed the areas of exceedance are
small (2 ha on average), although with some peaks of more than 10 ha along the month.

Figure 15: Instantaneous areas of EQS exceedance (>10 ug/l) for SZB+SZC at the surface and seabed.

Figure 16: Instantaneous areas exceeding a concentration of 50 ug/l for SZB+SZC at the surface and
seabed.

The impact of the TRO plume on the ecosystem has also been analysed, in Appendix B and Appendix C, for
two specific cases:

1. To evaluate the effect of the plume as a potential chemical barrier in the transect from the coast to
SZC outfalls.

2. To evaluate the concentration of TRO that an organism moving with the thermal plume would
experience.
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3.2 Chlorination by-products: Bromoform

Since bromoform is a product of chlorination, the same scenarios as for TRO were considered: chlorination
of SZB plus SZC operating in combination and, and chlorination of SZB only. For each model run a month-
long simulation was analysed and the 95th percentile of the bromoform concentrations was extracted. There
is no published EQS for bromoform and so a calculated PNEC of 5 µg/l as a 95th percentile has been used
(Taylor, 2006) (the same figure was used in the HPC WDA permit application). The maps representing the
extent of the bromoform plume are shown in Figure 17 to Figure 20 and summarised in Table 11.

Table 11: Content of the figures containing the Bromoform plume extent maps.

Figure number Model run Quantity Model level

Figure 17
Brom_2outf_May 95th percentile

seabed

Figure 18 surface

Figure 19
Brom_SZB_May-29 95th percentile

seabed

Figure 20 surface

Similarly to the TRO plume, the bromoform plume is a long, narrow feature parallel to the coast. Also, the
SZB plume is always within the channel inshore of the Sizewell-Dunwich Bank and does not overlap with the
SZC plume that is outside the Bank. Both plumes are strongly stratified with larger areas at the surface than
at the seabed. Although not clearly seen in the plots, the SZC plume is generally smaller and narrower than
that due to SZB; the exception is at the 1 µg/l contour for the 95th percentile where the SZC plume has a
longer extent, but at higher concentrations the SZC plume is always smaller. This is due to the lower initial
discharge concentration and greater water depth at the SZC outfall location (16 m vs. 5 m for SZB outfall).
Table 12 presents the area of the plume that exceeds a concentration threshold. For completeness, not only
the PNEC value was included but also other values between 1 and 15 µg/l.
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Figure 17: 95th percentile of the Bromoform concentration at the seabed for chlorination from SZB and SZC
(run Brom_2outf_May).
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Figure 18: 95th percentile of the Bromoform concentration at the surface for chlorination from SZB and SZC
(run Brom_2outf_May).
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Figure 19: 95th percentile of the Bromoform concentration at the seabed for chlorination from SZB (run
Brom_SZB_May-29).
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Figure 20: 95th percentile of the Bromoform concentration at the surface for chlorination from SZB (run
Brom_SZB_May-29).
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Table 12: Area of the plume at different levels of Bromoform concentrations.

Model run Concentration
(µg/l)

95th percentile surface
(ha)

95th percentile seabed
(ha)

Brom_2outf_May -
Chlorination of

SZB + SZC

1 4583.56 3517.46
2 1324.92 409.76
3 753.57 250.29
4 506.87 177.96

PNEC 5 357.95 130.19
7 178.53 39.25

10 86.91 10.88
15 33.64 6.84

Brom_SZB_May-29 -
Chlorination of

SZB only

1 1598.09 1300.70
2 884.10 401.12
3 573.48 247.71
4 414.35 175.95

PNEC 5 305.80 129.52
7 162.26 39.14

10 85.11 11.10
15 33.98 7.29

The Bromoform plume areas at the PNEC (5 µg/l as a 95th percentile) intersecting with the Outer Thames
Estuary SPA and the WFD Suffolk Coastal Waterbody have been calculated and are shown in Table 13.

Table 13: Areas exceeding the Bromoform PNEC in designated waters.

Model
PNEC = 5 µg/l
as a 95th

percentile

SPA (Outer Thames
Estuary 379,771.66 ha)

WFD (Suffolk Coastal Waters
14653.59 ha)

surface seabed surface seabed

SZB+SZC

ha 357.49 129.86 305.31 128.02

% of designated
area 0.09 0.03 2.08 0.87

SZB only

ha 306.11 130.05 303.52 127.35

% of designated
area 0.08% 0.03% 2.07% 0.86%

For the Outer Thames Estuary SPA the area exceeding the PNEC at the seabed is essentially unchanged
between SZB and SZB+SZC at around 130 ha or 0.03% of the SPA area. At the surface the area of
exceedance of the PNEC increases from 306 ha to 357 ha, which represents 0.08% and 0.09% of the SPA
area, respectively. The two surface plumes do not overlap and have areas at the PNEC of 306 ha and 51 ha
for SZB and SZC respectively.

For the Suffolk Coastal waterbody, the SZC bromoform discharge has no effect on the area of the waterbody
already affected by the SZB discharge plume at the seabed. This is again because the SZC plume never
reaches the PNEC concentration. At the surface there is a slight increase in the area of exceedance from
303.52 ha (SZB only) to 305.31 ha (SZB+SZC), representing the 2.07% and the 2.08%, respectively.
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3.3 Hydrazine modelling

In this report the worst-case daily discharges from the turbine hall have been modelled corresponding to an
annual hydrazine discharge of 24 kg per annum into the cooling water flow at the seal pit (BEEMS Technical
Report TR347). To understand the impact of different discharge rates from the treatment tanks two
discharge scenarios were studied for SZC: the first one considering a hydrazine discharge of 69 ng/l in daily
pulses of 2.32 h starting at 12pm, and the second one of 34.5 ng/l of hydrazine discharged in daily pulses of
4.63 h duration starting at 12pm. The amount of mass that is released in each of these scenarios is the
same. Due to the pulse-like discharge, the interpretation of the short-term results (daily) is biased to the
moment of the tidal cycle when hydrazine has been released. In order to minimize this aliasing with the tidal
signal, the simulation period has been fixed to 28 days (from the 1st of May to the 29th of May), which
corresponds to two complete tidal cycles. For each model run 28 days were analysed (two tidal cycles) and
the mean and 95th percentile of the hydrazine concentrations were extracted. For hydrazine there is a
chronic PNEC value of 0.4 ng/l for long term discharges (mean of the concentration values) and an acute
PNEC value of 4 ng/l for shorter term discharges (represented by the 95th percentile). Maps representing the
modelled extent of the hydrazine plume are shown in Figure 21 to Figure 28 and summarised in Table 14.

Table 15 presents the area of the plume that exceeds both concentration thresholds. For completeness, not
only the chronic and acute PNEC values were included, but also other values between 0.1 and 0.5 ng/l for
the chronic concentrations and between 1 and 5 ng/l for the acute concentrations.

Table 14: Content of the figures containing the Hydrazine plume extent maps

Figure number Model run Quantity Model level

Figure 21

Hydrazine_SZC_69ng_May

Mean seabed

Figure 22 Mean surface

Figure 23 95th percentile seabed

Figure 24 95th percentile surface

Figure 25

Hydrazine_SZC_34ng_May

Mean seabed

Figure 26 Mean surface

Figure 27 95th percentile seabed

Figure 28 95th percentile surface
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Figure 21: Mean hydrazine concentration at the seabed after release of 69 ng/l in pulses of 2.32 h from SZC
(run Hydrazine_SZC_69ng_May).
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Figure 22: Mean hydrazine concentration at the surface after release of 69 ng/l in pulses of 2.32 h from SZC
(run Hydrazine_SZC_69ng_May).
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Figure 23: 95th percentile concentration at the seabed after release of 69 ng/l in pulses of 2.32 h from SZC
(run Hydrazine_SZC_69ng_May).
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Figure 24: 95th percentile concentration at the surface after release of 69 ng/l in pulses of 2.32 h from SZC
(run Hydrazine_SZC_69ng_May).
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Figure 25: Mean hydrazine concentration at the seabed after release of 34 ng/l in pulses of 4.63 h from SZC
(run Hydrazine_SZC_34ng_May).
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Figure 26: Mean hydrazine concentration at the surface after release of 34 ng/l in pulses of 4.63 h from SZC
(run Hydrazine_SZC_34ng_May).
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Figure 27: 95th percentile concentration at the seabed after release of 34 ng/l in pulses of 4.63 h from SZC
(run Hydrazine_SZC_34ng_May).
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Figure 28: 95th percentile concentration at the surface after release of 34 ng/l in pulses of 4.63 h from SZC
(run Hydrazine_SZC_34ng_May).
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Table 15: Area of the plume at different levels of hydrazine concentration.

Model run  Concentration
(ng/l)

95th

percentile
surface (ha)

95th

percentile
seabed (ha)

Mean
surface (ha)

Mean
seabed (ha)

Hydrazine_SZC_34ng
_May – release of
hydrazine in pulses of
4.63h a day starting at
12pm.

SZC only

Chronic
PNEC

0.1 3521.55 2972.39
0.2 1175.85 681.24
0.3 369.55 1.25
0.4 156.69 0.44
0.5 66.56 0.25

Acute
PNEC

1 455.01 14.43
2 140.76 0.69
3 60.75 0.13
4 17.88 0.00
5 1.13 0.00

Hydrazine_SZC_69ng
_May- release of
hydrazine in pulses of
2.32h a day starting at
12pm.

SZC only

Chronic
PNEC

0.1 3864.41 3269.32
0.2 1345.39 787.98
0.3 411.53 1.88
0.4 160.69 0.75
0.5 74.06 0.31

Acute
PNEC

1 327.28 3.62
2 49.06 0.69
3 22.75 0.31

4 14.19 0.13
5 3.56 0.06

The hydrazine plume areas at the chronic PNEC (0.4 ng/l as an average) and the acute PNEC (4 ng/l as the
95th percentile) intersecting with the Outer Thames Estuary SPA and the WFD Suffolk Coastal Waterbody
have been calculated and are shown in Table 16.
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Table 16: Areas exceeding the hydrazine PNEC in designated waters.

Model
PNEC SPA (Outer Thames

Estuary 379,771.66 ha)
WFD (Suffolk
Coastal Waters
14653.59 ha)

surface seabed surface seabed

Hydrazine_SZC_69ng_May
mean

Chronic
0.4ng/l

ha
160.69 0.75 -- --

% of
designated
area

0.04 <0.01
-- --

Hydrazine_SZC_34ng_May
mean

Chronic
0.4ng/l

ha
156.69 0.44 -- --

% of
designated
area

0.04 <0.01
-- --

Hydrazine_SZC_69ng_May

95th percentile
Acute
4ng/l

ha
14.19 0.13 -- --

% of
designated
area

<0.01 <0.01
-- --

Hydrazine_SZC_34ng_May

95th percentile
Acute
4ng/l

ha
17.88 0.00 -- --

% of
designated
area

<0.01 0
-- --

For the Outer Thames Estuary SPA the area exceeding the chronic PNEC (0.4 ng/l as an average) is less
than 1 ha if hydrazine is released in shorter pulses (Hydrazine_SZC_69ng_May) or in longer pulses
(Hydrazine_SZC_34ng_May), representing in both cases less than 0.01% of the SPA. At the surface the
area of exceedance of the chronic PNEC remains very similar (160 and 157 ha, respectively), which
represents in both cases 0.04% of the SPA area.

The acute PNEC (4 ng/l as the 95th percentile) is only exceeded at the seabed if hydrazine is released in
short pulses (Hydrazine_SZC_69ng_May) and then for only 0.13 ha representing less than 0.01% of the
SPA. At the surface, the area of exceedance for both scenarios is less than 0.01% (14.19 ha if hydrazine is
released in 2.3 h pulses and 17.88 ha if hydrazine is released in 4.6 h pulses).

The results of the modelling show that there is no interaction between the hydrazine plume and the Suffolk
Coastal waterbody.

3.4 Calculated dissolved oxygen concentration for SZB + SZC

The Water Framework Directive applies to 1 nm from the coast (approx. 1850 m) and from 2016 the Marine
Strategy Framework Directive applies to the UK boundary. Both standards use the same criteria for defining
permissible dissolved oxygen (DO) concentrations: 4 – 5.7 mg/l being good status and above 5.7 mg/l is high
status.

Figure 29 shows the surface DO concentration at 100% saturation, using the yearly 95th percentile
temperatures for the SZB plus SZC simulations, with Figure 30 showing a zoomed section around the SZB
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and SZC outfalls. The 5th percentile oxygen concentration is > 7.2 mg/l for 99% of the GETM model domain
with a minimum DO of 6.4 mg/l at the SZB discharge and 6.9 mg/l at the SZC discharge.

Figure 29: Surface dissolved oxygen concentration at 100% saturation using the yearly 95th percentile
temperatures for the SZB + SZC simulations.
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Figure 30: Zoomed detail of the surface dissolved oxygen concentration at the SZB and SZC outfalls. The
modelling predicts minimum dissolved oxygen concentration of 6.4 mg/l for the very small area near to the
discharge at SZB and 6.9 mg/l for SZC.
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Table 17: Spatial distribution of surface 5th percentile DO concentrations at saturation over the part of the
model domain that lies within the WFD Suffolk coastal waterbody for SZB + SZC and SZB only.

Percentage area
of WFD

waterbody in
model domain

DO Concentrations (mg/l)

SZB + SZC SZB only
Minimum: 6.40 6.46
  1%-tile:                7 7.11
  5%-tile:                7.19 7.28
10%-tile:                7.26 7.34
25%-tile:                7.34 7.43
50%-tile:                7.44 7.57
75%-tile:                7.54 7.6
90%-tile:                7.55 7.64
95%-tile:                7.62 7.68
99%-tile:                7.66 7.69
Maximum: 7.66 7.71
Mean 7.42 7.52

Note: These values are unchanged from Edition 2 of this report. The spatial average DO concentration was
incorrectly stated in Edition 2)

The model extent inside the WFD Suffolk coastal waterbody is 9846 ha (approx 67% of the entire
waterbody).

The spatial average DO concentration in the WFD Suffolk coastal waterbody is currently 7.52 mg/l as a 5th

percentile which is considerably above the WFD threshold for High Status of 5.7 mg/l. The effect of operating
SZC in combination with SZB is to slightly reduce the DO concentration in the WFD waterbody to 7.42 mg/l
or by 1.3%. The waterbody classification would remain at High status for DO. Table 18 shows the the area
that is beneath various DO concentrations for the entire model domain.

Table 18: Area in hectares below certain thresholds for the entire model domain.

DO concentration
as a 5th percentile
(mg/l)

SZB + SZC (ha) SZB only (ha)
Surface Bed Surface Bed

5.7  (Boundary of
high status) 0 0 0 0

7 (1%) 106 8 52 5
7.2 (5%) 631 279 234 104
7.42 (50%) 7,064 6,053 2,453 2,401
7.62 (95%) 108,437 108,045 102,068 105,808
7.66 (99%) 124,345 124,152 119,048 123,681

3.5 Un-ionised Ammonia concentration

Figure 31 shows the surface un-ionised ammonia concentrations using the 95th percentile of temperature,
the mean values of pH, ammonia, and salinity for the combined SZB + SZC model run, whereas, Figure 32
shows the surface un-ionised ammonia concentrations using the 95th percentile of pH, ammonia, the 5th
percentile of salinity and the mean temperature. Table 19 summarises the surface unionised ammonia
concentrations for the regulatory standard and the two worst cases, compared to EQS of 21 µg/l as an
annual mean. All cases (including worst cases) for unionised ammonia show that no areas exceed the EQS
of 21 µg/l as an annual mean.
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Figure 31: Surface un-ionised ammonia concentrations using the 95th percentile of temperature, the mean
values of pH, ammonia, and salinity for the combined SZB + SZC model run. The zoomed area shows the
detail of the SZB outfall on the same scale.
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Figure 32: Surface un-ionised ammonia concentrations using the 95th percentile of pH, ammonia, the 5th

percentile of salinity and the mean temperature for the combined SZB and SZC model run. The zoomed area
shows the detail of the SZB outfall on the same scale.
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Table 19: Summary of the surface unionised ammonia concentration (EQS is 21 µg/l as an annual mean).

Unionised ammonia for mean temp, mean ph, ammonia and salinity
(The regulatory standard)

SZB + SZC SZB only
50th centile 0.25 0.25
95th centile 0.27 0.26
99th centile 0.29 0.27
Maximum 0.52 0.50
Unionised ammonia for 95th centile temperature, mean ammonia,
salinity, ph.

SZB + SZC SZB only
50th centile 0.8 0.46
95th centile 0.8 0.47
99th centile 0.9 0.52
Maximum 1.2 0.91
Unionised ammonia for mean temp, 95th centile ph, ammonia , 5th
percentile salinity

SZB + SZC SZB only
50th centile 0.8 0.81
95th centile 0.8 0.83
99th centile 0.9 0.88
Maximum 1.61 1.55
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4 Discussion

4.1 TROs

A model of TRO decay, parameterised from laboratory observations, was coupled to a 3D hydrodynamic
model to estimate the mixing and advection of the chlorinated cooling water discharge from both the existing
SZB and proposed SZC power stations. The results show that the concentrations of TRO are higher at the
surface due to the buoyancy of the warm water of the plume. At the concentrations considered, the bulk
amount of TRO released into the marine environment by SZC (132 cumecs * 0.15 mg/l = 19.80 g/s) is 28%
larger than by SZB (51.5 cumecs * 0.3 mg/l = 15.45 g/s). However, the lower concentration at which it is
released, the greater depth of the outfalls and the use of two outfalls results in a much smaller footprint from
SZC compared to SZB in terms of mean and 95th percentile concentrations both at the surface and the
seabed. The Sizewell C plume is particularly stratified and TRO EQS of 10 µg/l is only exceeded in the
surface mixing zone.

An important observation from this modelling is the separation of the TRO plumes from SZB and SZC
discharges with no interaction between them down to a concentration of 1 µg/l of TRO. This is important
because it implies that, within reason, the chlorination regimes of the two developments can be managed
independantly.

For the Outer Thames Estuary SPA the area exceeding the TRO EQS at the seabed is essentially
unchanged between SZB and SZB+SZC at around 166 ha or 0.04% of the SPA. This is because the seabed
plume area at the EQS due to the SZC discharge is only approximately 1 ha. At the surface the area of
exceedance of the EQS increases from 389 ha to 726 ha or 0.1% to 0.19% of the SPA area. The two surface
plumes do not overlap and have areas at the EQS of 389 ha and 337 ha for SZB and SZC respectively.

For the Suffolk Coastal waterbody, the SZC TRO discharge has no additional effect on the area of the
waterbody already affected by the SZB discharge plume at the surface. This is because the SZC plume does
not mix with the SZB plume and only occurs outside the WFD boundary of 1nm from the coast.

4.2 Chlorination by-products: Bromoform

As a result of chlorination, a series of chlorination by-products are generated. Amongst them only bromoform
remains at detectable levels in the experiments carried out with Sizewell waters. Bromoform decays mainly
due to volatilization, therefore, a model of bromoform decay depending of the water depth was implemented
in GETM. Two scenarios were considered, chlorination of SZB+SZC and chlorination of SZB alone. The
conclusions that are extracted from the results of the simulations are very similar to those of the TRO runs,
which are summarized in the following points:

 The concentration of bromoform is higher at the surface than at the bottom, due to the plume
buoyancy.

 The extension of the bromoform plume is generally higher for SZB than for SZC (with the exception
of the 1 µg/l contour) in terms of the 95th percentile. Indeed, the SZC plume never reaches
concentrations higher than 3 µg/l at the seabed, meaning that the PNEC of 5 µg/l is never exceeded.

 As in the case of the TRO simulations, the bromoform plumes for SZB and SZC do not interact in
any significant way.

For the Outer Thames Estuary SPA the area exceeding the PNEC at the seabed is essentially unchanged
between SZB and SZB+SZC at around 130 ha or 0.03% of the SPA area. At the surface the area of
exceedance of the PNEC increases from 306 ha to 357 ha, which represents 0.08% and 0.09% of the SPA
area, respectively. The two surface plumes do not overlap and have areas at the PNEC of 306 ha and 51 ha
for SZB and SZC respectively.
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For the Suffolk Coastal waterbody, at the bed the SZC bromoform discharge has no effect on the area of the
waterbody already affected by the SZB discharge plume at the seabed. This is again because the SZC
plume never reaches the PNEC. At the surface there is a slight increase in the area of exceedance from
303.52 ha (SZB only) to 305.31 ha (SZB+SZC), representing the 2.07% and the 2.08%, respectively.

4.3 Hydrazine

In this report the worst-case daily hydrazine discharges from the SZC turbine hall have been modelled
corresponding to an annual hydrazine discharge of 24 kg per annum into the cooling water flow at the seal
pit. To understand the impact of different discharge rates from the treatment tanks two different scenarios
were studied in which approximately the same mass of hydrazine is released into the environment but in
pulses of different duration; 69 ng/l for 2.32 h a day and 34 ng/l for 4.63 h a day. The results of the
simulations show that both scenarios gave similar results. The calculated concentration of the hydrazine
plume is higher at the surface than at the seabed, as was the case for the TROs and bromoform.

For the Outer Thames Estuary SPA the area exceeding the chronic PNEC (0.4 ng/l as an average) is less
than 1 ha either if hydrazine is released in shorter pulses (Hydrazine_SZC_69ng_May) or in longer pulses
(Hydrazine_SZC_34ng_May), representing in both cases less than 0.01% of the SPA. At the surface the
area of exceedance of the chronic PNEC remains very similar (160 and 157 ha, respectively), which
represents in both cases 0.04% of the SPA area.

The acute PNEC (4 ng/l as the 95th percentile) is only exceeded at the seabed if hydrazine is released in
short pulses (Hydrazine_SZC_69ng_May) and then for only 0.13 ha representing less than 0.01% of the
SPA. At the surface, the area of exceedance for both scenarios is less than 0.01% (14.19 ha if hydrazine is
released in 2.3 h pulses and 17.88 ha if hydrazine is released in 4.6 h pulses).

The results of the modelling show that there is no interaction between the hydrazine plume and the Suffolk
Coastal waterbody.

4.4 Dissolved Oxygen

The results of the dissolved oxygen (DO) calculations for SZB+SZC indicate minimum surface DO
concentrations of 6.4 mg/l for a small area near the SZB discharge and 6.9 mg/l near the SZC discharge.
The 5th percentile oxygen concentration is > 7.2 mg/l for 99% of the model domain.

The spatial average DO concentration in the Suffolk coastal waterbody is 7.52 mg/l with SZB operational;
representing a High Status. The effect of operating SZC in combination with SZB is to reduce the DO
concentration in the WFD waterbody to 7.42 mg/l or by 1.3%. The waterbody classification would remain at
High status under the WFD regulations.

4.5 Un-ionised Ammonia

The calculations for un-ionised ammonia predict no exceedance of the EQS in the SPA or WFD coastal
waterbody with a predicted annual mean over the model domain (which represents greater Sizewell Bay) of
0.25 µg/l; substantially beneath the EQS of 21 µg/l. Even under worst case conditions, the predicted un-
ionised ammonia concentrations would not exceed 1.6 µg/l. The operation of SZC therefore has a negligible
effect on the existing un-ionised ammonia levels in the model domain.
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Appendix A Summary information of salinity, oxygen
and pH in Sizewell Bay

Table 20: Extracted values from water quality surveys at Sizewell (BEEMS Technical Report TR189).

Station Date
acquired

Time
(GMT)

Sample
depth (m)

Dissolved
oxygen (%)

Temp
(°C)

Salinity
(PSU) pH TRO

(mg/l)
1 06/12/10 12:30 0.0 98.5 5.3 34.4 8.40 0.01
2 25/02/10 09:45 0.0 106.0 4.7 31.8 7.86 0.03
2 15/12/10 12:10 0.0 99.2 4.9 34.1 7.97 0.01
3 25/02/10 10:38 0.0 108.0 7.4 31.9 7.93 0.03
3 25/02/10 11:25 3.7 107.0 7.2 31.8 7.95 0.04
3 06/12/10 11:40 0.0 100.8 7.2 34.0 8.20 0.01
4 25/02/10 12:20 0.0 119.0 9.8 32.2 7.89 0.06
4 15/12/10 12:40 0.0 100.2 5.3 34.1 8.08 0.01
5 25/02/10 13:05 0.0 118.0 10.9 32.3 8.03 0.02
5 25/02/10 13:25 4.4 112.0 8.7 32.2 7.93 0.03
5 02/03/10 11:00 0.0 91.7 4.9 31.5 7.42 0.04
5 02/03/10 12:00 0.0 98.3 8.9 32.0 7.96 0.03
5 02/03/10 13:00 0.0 93.0 8.2 31.8 7.93 0.04
5 08/04/10 17:30 0.0 104.5 7.7 33.4 8.16 0.02
5 21/04/10 09:45 0.0 102.9 8.9 8.00 0.05
5 19/05/10 08:45 0.0 102.9 11.6 33.7 8.15 0.10
5 07/06/10 11:10 0.0 108.3 14.4 33.9 8.23 0.10
5 22/06/10 09:15 0.0 99.3 14.9 32.8 8.12 0.01
5 06/07/10 01:20 0.0 103.4 18.4 32.2 8.06 0.01
5 20/07/10 13:45 0.0 94.3 19.5 33.0 8.02 0.05
5 11/08/10 09:20 0.0 98.4 19.2 34.2 7.77 0.12
5 18/08/10 10:15 0.0 97.6 17.8 34.3 7.85 0.05
5 09/09/10 10:00 0.0 94.0 18.2 33.8 7.07 0.07
5 14/09/10 10:45 0.0 97.2 17.0 30.2 8.27 0.07
5 28/09/10 10:50 0.0 97.2 15.4 33.6 8.16 0.08
5 14/10/10 10:15 0.0 96.9 15.3 32.2 8.06 0.03
5 15/11/10 12:00 0.0 108.8 15.4 32.3 8.03 0.10
5 06/12/10 11:08 0.0 100.9 5.9 34.1 8.17 0.01
5 15/12/10 11:40 0.0 99.8 5.9 34.1 8.12 0.01
5 17/01/11 0.0 102.7 5.5 34.4 8.12 0.02
5 31/01/11 14:00 0.0 112.6 10.6 33.5 8.02 0.03
5 14/02/11 13:30 0.0 112.5 10.1 34.5 8.10 0.07
6 15/12/10 11:15 0.0 98.7 5.2 34.2 8.05 0.02
7 08/04/10 16:15 0.0 105.0 7.8 33.2 8.15 0.01
7 08/04/10 16:30 7.0 107.8 7.7 33.1 8.14 0.04
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Station Date
acquired

Time
(GMT)

Sample
depth (m)

Dissolved
oxygen (%)

Temp
(°C)

Salinity
(PSU) pH TRO

(mg/l)
7 31/01/11 11:20 0.0 101.3 4.9 33.4 8.00 0.01
8 08/04/10 15:45 0.0 109.4 8.7 32.8 8.11 0.03
8 31/01/11 10:55 0.0 101.7 4.9 33.3 8.05 0.02
9 08/04/10 14:00 0.0 101.8 9.1 32.7 8.12 0.10
9 08/04/10 14:30 5.0 104.4 8.6 33.4 8.10 0.02
9 17/01/11 14:30 0.0 100.1 4.5 34.1 8.13 0.06
10 31/01/11 09:20 0.0 99.4 3.7 33.3 7.89 0.01
10 14/02/11 11:00 10 103.0 6.1 35.2 8.03 0.01
11 21/04/10 10:45 0.0 100.8 8.5 7.99 0.03
11 19/05/10 09:45 0.0 100.1 10.5 33.8 8.18 0.03
11 07/06/10 10:35 0.0 109.1 13.3 34.0 8.23 0.06
11 22/06/10 09:45 0.0 95.0 14.5 33.0 8.16 0.01
11 06/07/10 10:00 0.0 94.3 17.9 31.6 8.02 0.08
11 20/07/10 13:00 0.0 102.6 19.1 33.1 8.09 0.04
11 11/08/10 10:08 0.0 97.8 18.9 34.3 8.01 0.05
11 18/08/10 11:10 0.0 97.3 17.7 34.5 7.98 0.05
11 09/09/10 10:45 0.0 95.3 17.7 34.3 7.22 0.09
11 14/09/10 10:15 0.0 97.4 17.2 30.2 8.29 0.04
11 28/09/10 10:00 0.0 98.5 15.8 33.8 8.14 0.02
11 14/10/10 11:15 0.0 95.8 14.7 32.3 8.05 0.05
11 15/11/10 11:15 0.0 97.6 10.4 32.2 8.08 0.04
11 06/12/10 10:30 0.0 97.5 5.2 34.2 7.97 0.03
11 15/12/10 10:38 0.0 97.0 4.8 34.1 8.13 0.01
11 17/01/11 16:00 0.0 99.8 4.4 34.6 8.12 0.04
11 31/01/11 10:10 0.0 98.5 3.8 33.4 8.04 0.02
11 14/02/11 12:45 0.0 101.4 5.1 34.5 8.08 0.04
12 08/04/10 11:30 0.0 108.6 8.8 33.2 8.07 0.16
12 08/04/10 13:00 17.0 102.5 8.2 33.6 8.11 0.02
12 17/01/11 12:20 14.0 100.3 4.8 34.2 8.21 0.09
12 17/01/11 12:20 0.0 100.1 4.7 34.3 8.10 0.09
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Appendix B Analysis of Chemical (TRO) Barriers to
Fish Migration

The best practice guidelines for prevention of thermal barriers to fish migration state that no more than 25%
of the cross-sectional area of an estuary or river should exceed a temperature of 2⁰C above ambient for
more than 5% of the year (see BEEMS SAR008). Using a similar approach for chemical barriers, it is
assumed that no more than 25% of the cross-sectional area of an estuary or river should exceed the EQS for
more than 5% of the year.

In this report, the percentage of the cross-sectional area that exceeded the EQS concentration for TRO
(10 µg/l) is analyzed along a cross section that runs from the coast to SZC outfalls (see Figure 33). On
average the area of exceedance is between 4-6% of the total cross-sectional area, with peaks up to 13%.
The 25% limit has never been reached along the simulation period.

Figure 33: Percentage of the cross-sectional area for which the EQS concentration for TRO (10 µg/l) is
exceeded.
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Appendix C Analysis of Thermal and Chemical
Exposure for Passive Organisms

A Lagrangian modelling experiment was carried out in order to analyze the temperatures and concentrations
at which passive particles (i.e. plankton) would be exposed in the vicinity of the thermal and chemical plume.
For this purpose, 100 particles were released at the position of SZC 09a outfall at high tide (26/05/2009 12:10)
and followed for 6 h (Spring tide, neap phase). The particles were randomly distributed in a radius of around
50 m centered at the outfall 09a. The positions of all the particles with time is shown in Figure 34.

Figure 34: Particle trajectories for a 6 h run (spring tide, neap phase).

C.1 Chemical (TRO) exposure

The concentration of chlorine along the trajectories was calculated considering the results of the TRO_2outf-
May configuration (see Table 4). Figure 35 shows the spatial distribution of the average TRO concentration
for all the particles at each time, plotted at their centre of gravity. A time series of the same results, as a mean
for all the particles and ±1 standard deviation, are shown in Figure 36. On average, particles experience
concentrations above the EQS (10 µg/l) for approximately one hour. After this initial exposure the concentration
drops with time, showing a peak slightly below the EQS at 14 h and another one around 2 µg/l at 15 h. From
this moment onwards, the exposure is approximately zero.
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Figure 35: Average TRO concentration (mg/l) at each time at the particles centre of gravity.

Figure 36: Mean TRO concentration of all particles and ±1 standard deviation.
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C.2 Thermal plume exposure

In order to calculate the excess temperature along the particle trajectories, configurations TRO_2outf-May
(with thermal plume, see Table 4) and ZeroReferenceV2-annual (without thermal plume) were considered.
The difference between both was calculated for all the trajectories and this difference was averaged for each
time step. The resulting average is shown in Figure 37 at the centre of gravity of the particle trajectories. The
same results but along time are shown in Figure 38.

On average, particles experience an excess of 2⁰C for the first hour. After this initial exposure the temperature
excess shows a kind of oscillatory behavior, with a peak of slightly less than 2⁰C at 14h and another one of
1⁰C at 15h.

Figure 37: Mean temperature excess for each time plotted at the particles centre of gravity.

Figure 38: Mean temperature excess of all particles and ±1 standard deviation.


