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1 Background
Hydrodynamic models are a vital tool for predicting the impact of the discharge of thermal plumes from new
nuclear build (NNB) power stations. As such, the Environment Agency (EA) have produced draft guidelines
(EA, 2010) “Nuclear New Build - Guidance on Hydrodynamic Modelling Requirements” which are
complemented by the independent BEEMS Expert Panel guidance provided in BEEMS SAR007 “Methods
for the measurement and modelling of power station cooling water plumes, Edition 2”. As part of the EA
guidelines there is a requirement to estimate the annual thermal 98 th percentile:
“Mixing zones appropriate to the various thermal standards to be presented in 3-D, based on the
statistics of the standard (e.g. annual average, maximum, 98th percentile)”
However, this simple statement does not provide the detail of what time frame should be considered nor how
to combine the different contributions that make up the variation in the temperature signal.
For the assessments of the thermal impacts from both Hinkley Point C (HPC) and Sizewell C (SZC) the
BEEMS programme used validated GETM 3D hydrodynamic models to assess the potential thermal impacts
from the power station discharges. In-depth studies have shown that the use of the GETM model produces
accurate excess temperature estimates but overestimates 98 th percentile absolute temperatures resulting in
unrealistically large predicted areas of absolute temperatures (BEEMS Technical Report TR301 Ed. 2).
To overcome this limitation, an alternative method of deriving 98th percentile absolute temperatures has been
derived and used in both the HPC (BEEMS Technical Report TR267 Ed. 2) and SZC (BEEMS Technical
Reports TR301 Ed. 2, TR302 Ed. 3) assessments whereby:
98th percentile absolute temperature at any location = predicted mean temperature uplift due to the
plume (i.e. the annual mean excess plume temperature) + the observed 98th percentile seawater
background temperature.
The BEEMS SZC thermal plume modelling was extensively discussed with the Environment Agency in 2015
to 2016. The only issue that was not fully resolved at that time was the Cefas calculation of the 98th
percentile absolute temperatures. Discussions took place with the Agency’s modelling lead in July 2016 who
stated
“To be clear - our faith in your models is not in dispute here, just the detail of how the predicted 98th
percentiles are estimated. In effect, the way the results are interpreted. It is likely that this stems
from misunderstanding of the method, and not a genuine oddity.
….
This may not matter at all; in fact, it can possibly be ignored entirely if the 98%ile temperatures are
not considered going forward through the ecological assessment. Likewise, the differences are very
slight, and likely sit within the accepted uncertainty of the model approach. But I’d like to be able to
demonstrate that clearly. “
After this exchange the EA’s modelling lead left the organisation and the issue became dormant. In 2019 the
EA reminded NNB GenCo that this issue had not been closed. To meet that need, this paper explains the
BEEMS methodology and its likely accuracy in deriving 98th percentile temperatures for thermal
assessments of Sizewell C (SZC) using the GETM model.
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2 Calculation of the 98th percentile
Seawater temperature naturally varies on a number of different time scales, i.e. during the day due to
heating, on a tidal scale (12 hr) due to advection, on a spring - neap tidal cycle, annual variation due to solar
change, and inter-annual variation. In addition, the power station discharge will contribute to this with a mean
uplift with variability associated with the power station output.
Typically, a temperature measurement is as close to an instantaneous (< 1 second) measurement of
temperature and, therefore, the frequency of measurement determines the relevance to the environment. For
Sizewell, Cefas holds seawater temperature data at 1 hr intervals from 1994 to 2018 measured by the
Sizewell B (SZB) power station. These data enable good estimates of the diurnal variation, semi diurnal tidal
variation and spring-neap cycle variation to be calculated. In addition, there are data holdings from Sizewell
A (SZA) which have been held as weekly averages. Other data can be incorporated, for instance as held by
the EA. The actual seawater background temperature for Sizewell, was calculated from observations from
the Cefas Coastal Temperature Network (BEEMS Technical Report TR131 Ed. 2) and the 98th percentile of
the surface temperature for the period 2009-2013 was 19.4ºC.
Thus, a value with high confidence is available for the 98th percentile for the natural background. The
question remains how best to use the model predictions for the power station’s impact on the thermal field?

2.1

Method 1. Use model output for a similar period as the observations.

The GETM hydrodynamic model developed for SZC (BEEMS Technical Report TR302 Ed. 3) produced
920 GB of model output per simulated year and took approximately 480 hrs to run on 8 nodes with 8 cores
on each node. i.e. >30,000 CPU hours. Running multiple years to ascertain interannual variability to the
same time scale (40 years) as that available from observations is disproportionate in terms of cost and
elapsed timescale (such a simulation would take more than 2 years to run and possibly another year to
analyse). Crucially, this method also assumes that the absolute temperature from the model is completely
accurate without either positive or negative bias, which is unlikely to be the case.
At Sizewell, the absolute temperature predictions from the GETM hydrodynamic model, developed for SZC,
were shown to have a bias towards overpredicting the absolute temperature. Section 2.1.1 summarises the
limitations on the use of the GETM model absolute temperature prediction, as originally presented in Section
2 of BEEMS Technical Report TR302 Ed. 3.

2.1.1

Limitations on the use of the GETM model absolute temperature predictions

The GETM model is an absolute temperature model that predicts actual temperatures. To calculate excess
temperatures the results from a reference run with no power station (the zero reference run) are subtracted
from the modelled power station run. BEEMS Technical Report TR301 Ed. 2 presented an in-depth analysis
of the accuracy of the GETM model predictions using data from a SZB outage in October 2009 and
concluded in section 4.1 of the report:


The measured excess temperature rise at the SZB inlets due to SZB was 1.04C in the period
21/10/09 to 1/11/09



The modelled excess temperature (SZB - zero reference) was 1.4C; i.e. the GETM error was
+0.36C compared to the measured value



Both the GETM zero reference and SZB models consistently over predicted absolute temperatures;
during the outage period by approximately +0.5C and +0.8C respectively.
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Inspection of the annual SZB inlet temperature record showed that the predicted absolute
temperatures when SZB was operational exceeded the measured values during all of 2009. The
largest over predictions of absolute temperatures occurred in period June- mid July (+1.5 to +2.5 C).

A comparison of observed SZB inlet temperatures with GETM predictions of absolute temperature over an
annual cycle are shown in Figure 1 and the consistent over prediction of absolute temperature is clearly
shown.
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Figure 1: Annual comparison of GETM model of SZB only, zero reference (no power station) and observed
data at the location of the Sizewell B inlets.
The analysis in BEEMS Technical Report TR301 Ed. 2 demonstrated that the GETM outputs of absolute
temperature are overestimates, which are not directly suitable for assessment of compliance with regulatory
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standards; in particular calculation of absolute temperature plume areas can produce misleading results.
However, the same report demonstrated that the estimates of excess temperatures obtained from
subtracting the zero reference from the power station modelling runs are reliable; in effect the errors in
absolute temperature prediction are largely cancelled out. (GETM excess temperature estimates remain
overestimates but only at fractions of a degree centigrade, +0.01°C).

2.2

Method 2. Use the model to estimate the additional thermal input due to the power
station alone and combine with observations.

Another approach is to use the model to investigate the thermal uplift or excess temperature and combine
that with the observed record. This method has the strength that it uses the difference between the scenario
runs and the reference runs to remove bias, so that high confidence remains with the excess temperature
prediction.
However, the primary question with this method is such:


Does the 98th percentile of the total (power station and natural variation) equal the observed 98th
percentile of background natural (dominant) variation + “mean excess”?

Statistically, the answer is no, unless the excess temperature has no variation.
If the excess is distributed (including randomly) so that it has positive anomalies (above the mean) at the
same time as the maximum natural temperatures, then the total 98th percentile > observed 98th percentile of
natural background + “mean excess”.
If, however (as is the case at Sizewell and Hinkley), the excess is not randomly distributed, but has
maximum values which do not align with the hottest months then the total 98th percentile < 98th percentile of
natural + “mean excess”.
Maximum excess temperatures at Sizewell and Hinkley occur in the winter months and are mostly likely
driven by strong wind events, which mix water down (reduce heat loss to atmosphere) and the lower
radiative heat loss. How these components combine can be demonstrated by using a simple spreadsheet
model which simulates the annual seasonal cycle with different initial conditions to simulate interannual
variability.

2.2.1

Testing Method 2 at the Sizewell B intake location

Figure 2 shows a simple Excel spreadsheet model 1 which simulated the annual seasonal temperature cycle
at the Sizewell B intake, with the many series, labelled S2 – S9, being different yearly simulations with
different starting conditions. The seasonal cycle is simulated by a simple sinusoid, with different starting
conditions and with daily variability included as a random value ± 0.3°C from the previous value. The dark
red is the GETM model output at the Sizewell B intake from Configuration 12 (Conf12), the run used for the
environmental assessments in BEEMS Technical Report TR302 Ed. 3. The GETM model is a full baroclinic
model and the model run includes accurate heat flux and full meteorological forcing. The pseudo excess
temperature (dark blue) is included in the spreadsheet model as a value which has a minimum of 1 and an
additional random value from 0 to 0.9. Furthermore, the pseudo excess has a seasonal cycle which includes
a random value between 1 and 2. The dotted red line is the excess temperature at the Sizewell B intake as
determined by the GETM model for Conf12.
Table 1 shows the annual 98th percentile for each of the eight simulated seasonal cycles shown in Figure 2
as calculated as the total (background temperature plus power station) and as the background 98th

1

Details of the model and its suitability were discussed with Lars Akesson (EA) in 2016.
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percentile plus the pseudo mean excess. Table 2 shows the annual 98th percentile for each of the eight
simulated seasonal cycles shown in Figure 2 as calculated as the total (background temperature plus power
station) and as the background 98th percentile plus the GETM Conf12 mean excess.

Figure 2: Model simulations of the temperature regime at Sizewell.

Table 1: Simulated scenarios using pseudo random excess temperature, °C.

S2

S3

S4

S5

S6

S7

S8

S9

Total 98th
percentile

21.42

21.79

19.27

18.53

24.53

23.86

20.21

19.19

Background
98th
percentile +
pseudo
mean
excess

21.95

22.19

19.19

19.00

24.69

24.48

20.80

19.82

Difference

-0.53

-0.40

0.08

-0.48

-0.17

-0.62

-0.59

-0.63
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Table 2: Simulated scenarios using GETM Conf12 excess temperature, °C.

S2

S3

S4

S5

S6

S7

S8

S9

Total 98th
percentile

21.02

21.41

18.41

18.27

23.91

23.56

19.90

18.84

Background
98th
percentile +
pseudo
mean
excess

21.17

21.42

18.42

18.23

23.92

23.71

20.02

19.05

Difference

-0.16

-0.01

-0.01

0.04

-0.01

-0.15

-0.13

-0.21

The results in Table 1 and Table 2 above show that in most simulated years the total 98th percentile is less
than the background 98th percentile + the mean excess temperature. i.e. the BEEMS method overestimates
absolute temperatures. The difference between the modelled and expected values is small with a maximum
difference in the range +0.04 to -0.21°C.

3 Conclusion
Two methods for calculating the annual 98th percentile of the thermal plume have been considered:
1. The 98th percentile of an annual absolute temperature model.
2. The predicted mean temperature uplift due to the plume added to the observed 98th percentile
seawater background temperature.
Given the potential bias in absolute temperature models but the greater accuracy in excess temperature
models, method 2 is likely to result in a smaller error and a more reliable prediction of the 98th percentile.
Furthermore, as the highest background temperatures do not coincide with the highest excess temperatures,
the 98th percentile of the absolute temperature model is smaller than adding the mean excess uplift to the
observed 98th background temperature.
Hence for calculating the annual 98th absolute temperature at any location, method 2 is favoured over
method 1, whereby the predicted mean temperature uplift due to the plume (i.e. the annual mean excess
plume temperature) is added to the observed 98th percentile seawater background temperature.
Simulations using Sizewell data showed that the BEEMS method tended to produce slight overestimates in
predicted absolute temperature but that this error did not exceed 0.21°C. Such an error is within the expected
uncertainty of hydrodynamic modelling.
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