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with TELEMAC-2D/WAQTEL 
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Abstract – Swimming in the Marne River has been forbidden since 
1970. This was motivated by the very poor water quality at that 
time and by safety conditions that were sometimes difficult to 
manage. Since 2015, the measurements of bacteriological quality 
along the river have shown a real improvement in the water 
quality, even if numerous contaminant sources persist and the 
quality remains heterogeneous. With the Paris Olympic Games 
starting next summer, the reopening of bathing sites in the Marne 
River is a major objective of the Syndicat Marne Vive (SMV). In 
addition to the measurements required by the Bathing Water 
Directive, numerical modelling can be considered as a powerful 
tool to evaluate the water quality and identify the main sources of 
contamination. Given the heterogeneity of the water quality along 
the river and the numerous potential sources of pollution, a two-
dimensional model has been developed by coupling the TELEMAC-
2D hydrodynamic model with its water quality module WAQTEL. 
The model was validated against in situ measurements of 
Escherichia Coli (E. coli) – the main faecal contamination 
indicator - in dry and wet weathers. Results show that the model 
can simulate not only the longitudinal evolution but also the 
transversal dispersion of bacteriological pollutants. The developed 
model was then used to classify the various sources of pollution in 
the study area and anticipate the impact of management measures 
on the future bacteriological state of the Marne River. 

Keywords: bathing waters directive; water quality; Escherichia 
Coli; numerical modelling. 

I. INTRODUCTION 
Bathing and aquatic sports are popular recreational 

activities, particularly during summer. In large metropolitan 
areas, having access to bathing sites can largely improve the life 
quality of inhabitants. However, due to the strong anthropic 
pressure, bathing in rivers and lakes located in large urban areas 
is often prohibited. When considering the establishment of a 
bathing site, it is paramount to ensure that the water quality 
allows swimming without any risk [1]. 

Nowadays, the demand for bathing sites in urban areas is 
ever increasing. Faced with this demand, bathing sites have 
opened in various European metropolises such as Amsterdam, 
Rotterdam, Dublin, or Berlin and Copenhagen [2]. However, the 
water quality of the bathing sites remains a central concern for 
the visitors. In most cases, the bathing sites are located in 
densely inhabited areas and therefore are particularly exposed to 
bacteriological contamination, which can arise from permanent 
or accidental wastewater overflows, and/or urban storm water 

discharges. The monitoring of the water quality is therefore 
crucial in such a context. The European Bathing Waters 
Directive 2006/7/EC identifies two microbiological parameters, 
Escherichia coli (E. coli) and intestinal enterococci (IE), as 
faecal indicator bacteria (FIBs) and suggests the use of their 
measurement for the management of bathing waters [3].  

In Paris, with the preparation of the Paris-2024 Olympic and 
Paralympic Games, multiple potential bathing sites along the 
Seine and Marne rivers have been identified and put forward 
within the framework of an expression of interest [4]. In this 
context, this study focuses on the accurate determination of the 
microbiological quality of the Marne River, which is of 
particular interest as the Marne is the main tributary of the Seine 
upstream of Paris. 

Recent measurements carried out in the Marne River in the 
Parisian Region show that the concentrations of E. coli et IE vary 
considerably not only along the longitudinal axis of the river, but 
also transversally to its flow, even in sections that are not 
influenced by external sources of contaminants [5]. Indeed, the 
transfer dynamics of micropollutants in a riverine environment 
are particularly complex as multiple factors are at interplay 
(bacterial mortality rate, sediment resuspension, water turbidity, 
local pollution inputs, turbulence, and mixing dynamics etc.). 
All these factors are site dependent and might vary over space 
and time.  

In such a complex environment as the Marne River, the 
simple monitoring of FIBs is not sufficient to fully understand 
the transfer dynamics of micropollutants and predict the water 
quality at a specific bathing site. A 2D model is therefore 
needed.  

In this study, the 2D hydrodynamic model TELEMAC-2D was 
coupled with the water quality model WAQTEL with the 
objective of reproducing (i) the average dry weather water 
quality profile over roughly 40 km of the Marne River as well 
as (ii) the impact of a rain event on the water quality of potential 
bathing sites. For this purpose, data from the local authorities of 
the sewage system were used to estimate the contamination 
sources under dry weather and 1D sewage system models were 
integrated in the modelling chain to simulate the contamination 
sources under wet conditions. 
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Figure 4: Modelled dry (blue dots) and wet weather pollution sources (yellow 
dots) in the study area. 

Under wet weather, the discharge of the pollution sources 
varies over time depending on the rainfall intensity. When 
available, 1D drainage network models were used to estimate 
the variable discharge over time. This is the case for 50 of the 
75 modelled contributions. E. coli concentration was calculated 
from the values given in Table 1. For the remaining sources, 
whose contribution under wet weather remains unknown, their 
dry weather discharge and concentration were then used. 

For the two wastewater treatment plants, data were available 
to define a daily discharge and E. coli concentration.  

D. Data analysis 
The complete dataset in terms of E. coli (collected by SMV 

over six bathing seasons from 2017 to 2022) is shown in Figure 
5. In the boxplot, all E. coli data available from all measuring 
sites on the Marne River are gathered and presented per year.  

The data in Figure 5 show a strong variability of E. coli 
concentration within a single bathing season, as well as an 
intense interannual variability. The former can be associated 
with local rainfall and discharge conditions which impact the 
microbiological condition of the river leading to strong 
occasional peaks in the FIB concentration. The latter can be 
explained by specific external conditions that characterise a 
whole bathing season. Data from 2017, 2019, 2020 and 2022 are 
comparable in terms of overall microbiological pollution, with 
the average E. coli concentrations under 2 000 MPN/100mL. 
The bathing seasons of 2018 and 2021 show remarkably higher 
E. coli concentrations. The 2018 season was characterised by the 
prolonged (several weeks) bursting of a wastewater pipe in 
Chelles (upstream of the first bathing site) discharging its 
wastewaters directly in the Marne River. In 2021, the Marne 
River was characterised by particularly high discharges that 
might influence the resuspension and/or the mortality rate of the 
bacteria. For these reasons, data of 2018 and 2021 were 
discarded from all further analysis.  

 
Figure 5. Boxplot of measured E. coli concentrations in the Marne River 

during summers from 2017 to 2022. 

E. Model calibration 
1) Hydrodynamics 

The hydrodynamic model was first calibrated using the data 
of water velocity measured by an Acoustic Doppler Current 
Profile (ADCP) at three potential bathing sites along the river 
during the summer of 2022 (Chelles, Saint-Maur-des-Fossés and 
Saint-Maurice). At each site, different ADCP profiles were 
measured. Since the model is in two dimensions, the simulated 
values are the average velocities over the water column. The 
available measurements were therefore aggregated to calculate 
the average measured velocities over the water column. The 
results show good agreement between the measurement and the 
model, as seen in the Figure 6. A Strickler of 40 m1/3/s was 
selected. 

 

Zone of estimated  
pollution sources 

@OpenStreetMap contributors 
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Figure 6: Measured ADCP velocity data at profile 1 of Saint-Maur (upper) and 
comparison between the measured and calculated average velocity (lowers) at 
different profiles. 

2) Water quality under dry weather 
The water quality model was calibrated in terms of E. coli 

under dry weather conditions, by comparing the longitudinal 
profile of E. coli between the model results and the “average” 
dry weather data in the Marne River. To do so, the E. coli data 
collected under dry weather during bathing season were first 
filtered to keep only data corresponding to a representative 
discharge of the bathing season in the Marne (from 30 to 40 

m3/s). Then, the median of the filtered data was calculated at 
each measuring site. The data of 2018 and 2021 were excluded 
from the dataset because of exceptional environmental 
conditions and non-representative of the average dry weather 
profile (see section II.D).   

A simulation with a constant discharge of 37 m³/s was 
carried out. Model results were then extracted (under stationary 
condition) at each measuring station and were compared to the 
calculated medians.  

The main model parameters involved in the calibration were 
the mortality rate, the settling velocity, the critical shear stress 
for re-suspension (see in II.B). Contamination sources were also 
included in the calibration process. Indeed, preliminary tests 
showed that the 34 documented dry weather sources were not 
sufficient to correctly reproduce the longitudinal profile of 
E. coli concentration observed in the river under dry weather. In 
particular, the average E. coli concentration observed under dry 
weather between the measuring sites SMV5 and SMV9 was 
underestimated by the model. Therefore, additional sources 
were estimated from the non-conformity rate of the local 
watershed and the population data. This allowed to estimate a 
population equivalent of around 18 000 discharging 
wastewaters in the Marne River. Such contribution was 
therefore distributed to 10 contamination inputs located between 
the measuring sites SMV5 and SMV9. 

F. Model validation under wet weather 
The model was then validated under wet weather conditions 

by simulating two consecutive rain events on the 14th and 16th of 
August 2022. The two events started respectively at 15:25 on the 
14th and at 18:49 on the 16th. They were characterised by a total 
rainfall depth of 9.6 mm and 14.8 mm respectively over a span 
of roughly five hours for the first event and 30 minutes for the 
second one.  These events were selected because of (i) the 
amount of E. coli measurements in the days following the 
events, which allowed a comparison with the model results and 
(ii) the difference in their intensity. 

A six-day simulation was run from the 14th until the 19th. The 
contributions of the 75 modelled sources (discharge and E. coli 
concentration) were estimated as described in section II.C. A 15-
minute time interval hydrograph measured at the Gournay-sur-
Marne station was applied at the upstream boundary of the 
model. Model results in terms of simulated E. coli concentration 
were compared to the measurements at the five potential bathing 
sites.  

III. RESULTS AND DISCUSSION 

A. Dry weather model results 
Results of the calibrated model at each measuring site from 

upstream to downstream the Marne River are shown in Figure 7. 
They are compared to the median of the SMV data collected 
under dry weather conditions over the bathing seasons 2017, 
2019, 2020 and 2022.  

Regarding the measurements, the graph shows the typical 
microbiological profile of the Marne River under dry weather 
conditions: a decrease in the E. coli concentration between 
SMV0 and SMV16 followed by a strong increase in the 
concentration at SMV3B. Between SMV17 and SMV9 is a 
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sector in which the E. coli concentration remains at high values. 
Downstream of SMV10, absence of major pollution sources 
leads to the decrease in E. coli concentrations. The dry weather 
medians of the different bathing seasons show a similar pattern, 
comparable in terms of order of magnitude. 

The coupled TELEMAC-2D/ WAQTEL model reproduces very 
well the dry weather microbiological profile of the Marne River, 
as represented by the green line in Figure 7. The interplay between 
the mortality rate derived from [5] and the contamination 
sources is well balanced and allows the model to reproduce all 
macroscopic variations in E. coli concentration. Nevertheless, 
the model tends to approach the maximum values within the 
measured years, i.e., 2022. As discussed previously, strong 
annual variability can be observed from the measurements. For 
instance, the concentration values in 2020 are particularly low 
and, for some sites, considerably lower than the other years. In 
order to avoid any underestimation of the pollution in the study 
area, it was then decided to calibrate the model with the higher 
range of concentrations of E. coli. 

 
Figure 7: Model results under dry weather: longitudinal evolution of the 

measured (SMV) and simulated E. coli concentrations. 

 

B. Wet weather model results 
Model results at the five potential bathing sites are shown in 

terms of E. coli concentration in Figure 8, together with the 
results of three consecutive SMV measuring campaigns carried 
out on the 16th, 18th and 19th of August 2022. At the Saint-Maur-
des-Fossés bathing site, data from an additional transversal 
profile are also available on the 17th of August.  

The coupled TELEMAC-2D/WAQTEL model results are very 
satisfactory at five potential bathing sites. At each site, three 
observations are available to evaluate the model performance 
(four at the Saint-Maur-des-Fossés site).  

The first SMV campaign is conducted on the 16th of August, 
about 40 hours after the first rain event but before the start of the 
second one. The observations are well reproduced at the sites 
Chelles and Champigny-sur-Marne. Differences between model 
results and observations can be seen at the sites of Nogent-sur-
Marne. It must be noted that a measurement problem was 
identified in 2022 at this site. Downstream of the study area, a 
possible time lag is observed at Saint-Maur-des-Fossés and 
Saint-Maurice. 

 
Figure 8: Model results and measurements of E. coli concentration during the 
validation simulation at the five potential bathing sites. 

Measurements taken on the 18th of August are very well 
reproduced by the model, except at the Nogent-sur-Marne site. 
These measurements were taken 40 hours after the second rain 
event. 
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The latter campaign (19th of August) was taken when the 
impact of the second rain event was over, i.e., under dry weather 
conditions. The E. coli concentrations are correctly reproduced 
by the model at all sites. This confirms that the average dry 
weather conditions are correctly simulated by the model. 
Eventually, data from the transversal profile taken on the 17th of 
August at Saint-Maur-des-Fossés (around 15 hours after the 
second rain) are also extremely well reproduced by the model. 

In general, the good agreement between simulated and 
observed concentrations shows that the model is capable to 
correctly reproduce the impact of a rain event on the 
bacteriological dynamic in the Marne River. This is of particular 
importance in the management of a bathing site. 

An extract of the 2D model results in terms of E. coli 
concentration under wet weather conditions is show as an 
example in Figure 9. The figure represents the simulated E. coli 
concentration at 21:30 of the 16th of August, around two hours 
and a half after the second rain event. The main pollution sources 
are marked with black arrows. The figure stresses out the 
importance of the development of a 2D model by showing how, 
at multiple locations, the presence of morphological features 
such as islands or bends which influence the transversal mixing 
dynamics, resulting in local differences in the E. coli 
concentration on the two banks of the river. As seen from Figure 
9:, the Nogent-sur-Marne bathing site is mainly impacted by the 
pollution source located upstream of the three following islands: 
Île d’Amour, Île du Moulin and Île des Loups. Due to the 
presence of these islands, the E. coli concentrations are less 
diffused but concentrated on the left channel. Hence, the impact 
of this source to the site Nogent-sur-Marne, which is located on 
the right bank is less. On the other hand, without the presence of 
any morphological features, the diffusion of the pollution 
sources located upstream of Champigny-sur-Marne and Saint-
Maurice looks quite homogeneous over the river cross section 
after a certain distance. 

 

 
Figure 9: Extract of the 2D model in terms of E. coli concentration under wet 
weather conditions. 

 
 

C. Discussion 
The results presented in the previous sections show that the 

coupled TELEMAC-2D and WAQTEL model can be used for the 
modelling of the microbiological dynamics in a complex 
riverine system such as the Marne River. It can model not only 
the “average” dry weather stationary conditions, but also the 
time-dependent and event-dependent wet weather conditions. In 
fact, modelling the microbiological dynamics in a riverine 
environment under wet conditions entails a higher grade of 
complexity compared to the stationary dry weather simulation. 
Under wet weather, the multiple factors are complicated by the 
addition of a time-varying component. Indeed, the estimation of 
pollution inputs after a rain event is not an easy task.   

The developed modelling chain involves different stages: 
from rainfall-runoff modelling at the scale of the watershed to 
1D hydrodynamic transfer via sewage system simulation to 2D 
coupled hydrodynamic and microbiological modelling. It is 
necessary to note that in the development of such modelling 
chain, multiple hypothesis have been taken. Overall, the 
developed modelling tool can be considered reliable and robust, 
and the methodology used for its development can be extended 
and applied to different study sites.  

However, it has to be highlighted that a high level of detailed 
information (multiple data sources, extensive knowledge of the 
watershed and of the sewage system, availability of drainage 
system models and so on) is needed for the development of the 
present modelling chain. Moreover, the availability of an 
extensive dataset of E. coli concentration, covering six bathing 
seasons and at 18 measuring sites over around 30 km of river 
was paramount for the development (calibration and validation) 
of the model. 

 
Figure 10: Example of model results: classification of pollution sources in dry 
weather (upper) and simulation of the impact of a rain event (lower) at the 
bathing site of Saint-Maur-des-Fossés. 

@OpenStreetMap contributors 
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IBI and available through the Copernicus marine data store [12]. 
IBI provides daily mean concentration of Chl a, ammonium, and 
dissolved oxygen. A comparison of IBI modelled results against 
observations at the buoy MOLIT located offshore near the 
boundary has demonstrated that IBI represents accurately the 
seasonal trend in the observations, but not their detailed daily 
fluctuations. Therefore, only a mean value for summer 2019 has 
been extracted and prescribed. The results are in Table IV. 

Table IV : Value of the state variables at the offshore boundary 

State 
variables 

units Offshore 
boundary source 

PHY µg/l 10 Regional model IBI, mean value 
in summer 2019 

NH4 mg/l 0.05 Regional model IBI, mean value 
in summer 2019 

O2 mg/l 8 Regional model IBI, mean value 
in summer 2019 

NOR mg/l equation (9)  NOR is a fraction of SPM 

BOD5 mg/l equation (10) BOD5 is a fraction of PHY 

 

At the upstream boundary, measurements from NAIADES 
are used to prescribe the concentration of the state variables 
PHY and NH4 (Table V). For dissolved oxygen, the saturation 
constant is calculated using high frequency temperature 
measurements and then the final dissolved oxygen concentration 
is derived from the saturation constant using a percentage 
saturation of 93%, representative of the degree of saturation 
during summer 2019 and calculated using datasets from 
NAIADES.  

Table V : Value of the state variables at the upstream boundary 

State 
variables 

units Upstream 
boundary source 

PHY µg/l 5 Measurements at Montjean-sur-Loire 
in Summer 2019 

NH4 mg/l 0.05 Measurements at Montjean-sur-Loire 
in Summer 2019 

O2 mg/l Cs*0.93 

Cs is calculated using temperature 
measurements at Montjean-sur-Loire. 
Percentage of saturation set at 93% 

using bimonthly measurements 

NOR mg/l equation 
(9)  NOR is a fraction of SPM 

BOD5 mg/l equation 
(10) BOD5 is a fraction of PHY 

 

F. WWTP outfalls in the estuary 
The outfalls from the five major Wastewater Treatment Plant 

(WWTP) are included in the model domain. The discharge rate 
and the concentration of the effluent in SPM, NH4 and O2 are 
available through the environmental monitoring conducted to 
meet the national regulations (Table VI). Dissolved oxygen, 
which is not measured, is estimated using the water quality class 
defined by the concentration in BOD5, using the French water 
quality standards. It is assumed that the Chl a concentration is 
zero in treated wastewater effluent. 

 

 

Table VI : WWTP discharge rate and effluent concentration 

Name of the 
WWTP 

Discharge 
rate SPM NH4

+ O2
* Chl a * 

m3/s mg /l mg 
(NH4)/l 

mg 
(O2)/l µg/l 

Saint-Nazaire 
Ouest 0.139 5.5 2.6 7 0 

Saint-Nazaire 
Est 0.123 2.8 0.9 7 0 

Nantes 1 Tougas 1.211 8.3 6.5 7 0 

Nantes 2 Petite 
Californie 0.353 10.4 6.4 4 0 

Ancenis la 
Bigoterrie 0.073 3.5 1.6 7 0 

*. Estimation 

VII. COMPARISON OF MODEL RESULTS AGAINST 
OBSERVATIONS 

A. Dissolved oxygen : comparison with high frequency 
measurements 
Figure 5 demonstrates that the model realistically 

reproduces the seasonal variation under the influence of the 
upstream river discharge, the spring-neap tidal cycle and the 
semi-diurnal cycle (variations between high tide and low tides) 
of the observed dissolved oxygen concentration at all stations 
(see locations on Figure 1). The range of modelled oxygen levels 
is 4 to 9 mg/l at Bellevue, and 2 to 8 mg/l at Trentemoult, in 
agreement with observations. Cordemais and Le Pellerin are 
representative of depleted oxygen conditions coinciding with 
the ETMZ during the low flow conditions, with a range of 2 to 
6 mg/l. Observations indicates depleted level up to 1 mg/l during 
high tide in the ETMZ. At Donges, representative of the 
estuarine mouth, modelled and observed dissolved oxygen vary 
from 4 to 7 mg/l. 

   Bellevue 

 
Trentemoult 
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C. Chl a : Comparison with in situ measurements 
Modelled Chl a concentration is approximately 5 mg/l at all 

stations during the whole simulation period in Summer 2019 
(Figure 7). Observations in 2019 are scarce, however some 
samples are up to 20 mg/l in August, which suggest that 
ephemeral peaks and/or heterogeneities occurs in phytoplankton 
distribution which are not represented by the model. The 
interannual monthly median value, the 10% percentile and the 
90% percentile over the past ten years is also plotted to assess 
the seasonal variability of Chl a measurements. It shows that 
samples collected in year 2019 are representative of a low 
productive year. 

   Saint-Géréon 

 
Sainte-Luce 

 
Trentemoult 

 
Couëron 

 
Cordemais 

 
 

 

Paimboeuf 

 
Figure 7. Surface Chl a : Comparison of model results (green line) against 

observations (green triangle: in situ measurements, blue dots with error bar: 
percentile 10%, median, percentile 90% for the past 10 years and per month) 

VIII. CONCLUSION 
The model developed in this work is based on a simple 

biogeochemical model coupled to a hydrosedimentary model. 
Comparison with observations demonstrates its ability to 
reproduce the seasonal trends and the variation in DO 
concentration under the influence of the tidal cycles and the 
subsequent SPM distribution, more specifically intensity and 
location of the ETMZ. It provides a useful tool for investigating 
the response of the system to anthropogenic activities and 
variations in hydrologic and meteorological conditions.  
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Abstract – To help with the assessment of oil spills in the Thames 
Estuary, a new validated TELEMAC2D model was created, 
extending an existing shelf model 58.5 km up the full tidal extent 
of the estuary. Using a harmonic decomposition, the results of the 
model were converted into their individual harmonic components 
to force an operational emergency response oil spill model. 
Testing of a hypothetical oil spill near Tilbury Port showed a 
distinctly different spatial extent of an oil spill, with the plume 
travelling further upstream of the release site, compared to with 
the old hydrodynamic forcing, whilst the downstream plume 
extent remained similar. The new improved model forcing will 
allow an improved ability to assess the risk of oil spills within the 
Thames Estuary that could not be achieved using the previous 
model.  

Keywords TELEMAC2D, weirs, oil spills. 

I. INTRODUCTION 
Cefas (Centre for Environment, Fisheries & Aquaculture 

Science) has a dedicated Emergency Response team providing 
advice about the environmental impact significance of oil and 
chemical spill incidents in UK waters. Advice and assessments 
are provided to the UK’s Marine Management Organisation 
(MMO) and the Department for Environment, Food and Rural 
Affairs (DEFRA) for each pollution report received, over 200 a 
year. The vast majority are very minor fuel spills that require 
no substantial action. However, some incidents require more 
in-depth advice which involves providing information on the 
likely marine and coastal resources at risk, using modelling to 
understand the fate of the spill or advising the MMO on the 
need for oil dispersant, containment booms or 
fisheries/shellfisheries closures. Examples include the clean-up 
of a diesel spill in 2021, after a train derailment, into the 
Loughor Estuary, Wales, and an oil slick 12 nautical miles off 
the coast near Deal, England in 2022, that raised concerns 
about the potential harm to local seal populations. 

To support the assessment of oil spills, Cefas provide an 
operational emergency response oil spill model, using the Oil 
Spill Contingency and Response component of the Marine 
Environmental Modelling Workbench (MEMW-OSCAR) [1]. 
OSCAR is a deterministic model that uses hydrodynamic and 
wind forcing to drive oil dispersion and accounts for 
weathering, physical, biological and chemical processes 
affecting oil at sea. The primary source of tidal current forcing 
is the Copernicus data portal which provides output with a 
resolution of approximately 1.5 km [2]. Where high-resolution 

in the nearshore region is required, or inclusion of riverine flow 
necessary, a secondary option can be used based on a stored 
database of tidal and residual currents derived from a 
TELEMAC2D hydrodynamic model of the UK shelf 
(developed at Cefas) with resolution down to 500 m in some 
estuarine locations [3]. However, it is desirable to further 
improve the resolution of tidal currents at locations prone to 
spill incidents, associated with large ports and/or high densities 
of shipping traffic. The Thames Estuary was identified as one 
such location. 

II. MODEL DESCRIPTION 

A.  Model Domain 
The existing TELEMAC2D model output provides tidal 

currents up to 3.5 km upstream of the Queen Elizabeth II 
Bridge at Dartford, with a resolution of approximately 50 m. 
To improve the representation of the Thames estuary, a new 
high-resolution TELEMAC2D model (v8p2r1) of the entire 
Thames estuary was created, representing the whole length of 
the Thames River up to the extent of the tidal reach. This added 
a further 58.5 km up the River Thames to the Teddington Weir.  

The new model domain was created using an unstructured 
finite element grid comprising 187,250 nodes (353,431 
elements). The model resolution is approximately 5 m at its 
finest, along the narrowest parts of the River Thames, 
extending to 50 m along the open coastal boundary. Figure 1 
provides an overview of the model domain extent and the 
bathymetric depths. The model domain extends as far east as 
Herne Bay on the Kentish coast and extends west all the way to 
the end of the tidal extent up the River Thames to the 
Teddington Lock and Weir. Initially, the coastal open 
boundary was set at the mouth of the River Thames near 
Canvey Island. However, initial tests showed that the tidal 
elevations were underestimated. As such, the domain was 
extended to its current size to encompass a larger coastal 
region, providing more boundary points to force the boundary 
conditions. This greatly improved the tidal elevations along the 
River Thames. The larger domain also includes the Medway 
Estuary. The domain extends to the end of the tidal reach up 
the River Medway to the Allington Lock and Weir.  

Bathymetry for the model was provided from two sources: 
the DEFRA Marine Digital Elevation Model (DEM) – 1 arc 
second [4] and the Environment Agency’s SurfZone Digital 
Elevation Model 2019 [5]. The SurfZone DEM combines lidar 
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and bathymetric surveys and provides good details on the large 
intertidal regions, such as in the Medway Estuary, but was 

limited to shallow regions near the coastline. As such, the 
remaining areas were filled in with the DEFRA Marine DEM. 

 
Figure 1. Extent of the new TELEMAC2D model domain and notable locations. 

 

The SurfZone DEM has a vertical reference of Ordnance 
Datum Newlyn (ODN) which is referenced to Mean Sea Level, 
whereas the Marine DEM is referenced to Chart Datum. 
Therefore, the Marine DEM was converted from Chart Datum 
to Mean Sea Level using the Vertical Offshore Reference 
Frames (VORF) dataset [6], so that the whole model domain 
used a common vertical datum of ODN. 

Water depths vary along the River Thames, with typical 
depths of approximately 20 m at the mouth near Canvey Island 
to approximately 4 m at upper reaches just before the 
Teddington Weir.  

B. Boundary forcing 
The hydrodynamics are forced along the open maritime 

boundary using 11 tidal constituents (M2, S2, N2, K2, K1, O1, 
P1, Q1, M4, MS4 and MN4) from the OSU TPXO European 
Shelf 1/12° regional model [7]. The TPXO harmonics are used 
to drive the prescribed elevations and velocities at the open 
boundaries. However, a limit was set whereby conditions are 
driven only on parts of the open boundary that are deeper than 
5 m to avoid unrealistic and excessive tidal velocities on the 
intertidal flats near the edges of the open boundary. 

C. River discharges 
The model domain includes three weir structures: the 

Richmond Weir and Teddington Weir on the River Thames 
and the Allington Weir on the River Medway. For 
simplification, Richmond Weir is set in the model with a fixed 
height. However, in reality the weir is open for two hours 
either side of high tide. In addition to the maritime open 
boundary, the model is forced with the two main riverine 
sources at the end of the River Thames, just upstream at the 
Teddington Weir, and the end of the River Medway, just 
upstream at the Allington Weir. Within the TELEMAC model, 
a flow rate coefficient of 0.4 is used for the formulation of river 
flow over the weirs.  

Daily mean river flows were provided by the National 
River Flow Archive [8]. The Thames at Kingston has an 

annual mean flow of 65.5 m3/s. The Medway at Teston has an 
annual mean flow of 11.2 m3/s.  

III. MODEL VALIDATION 

A. Tidal elevations 
To validate the model, tidal elevations were sourced from 

the UK tide gauge network. One tide gauge from the network 
is within the model domain, at Sheerness. To supplement the 
tide gauge record, water levels were also taken from the 
Environment Agency’s flood warning service. However, data 
availability is limited to observations over the last 5 days. As 
such, at the time of this project, 14 days’ worth of observations 
at nine locations along the River Thames in addition to 
Sheerness, between the 31st December 2022 and 14th January 
2023, were taken from the flood warning portal. The only 
exception to this is at Tilbury, where tidal observations were 
missing from the data portal after 10:45 am 8th January 2023.  

The model was run for a ‘spin up’ period of 30 days 
starting on the 1st November 2022, before running for another 
30-day-period over December 2022 to provide sufficient time 
for tidal elevations along the River Thames to reach 
equilibrium and ensure there is no lag from the initial flat 
starting position. Locations of the validation points are shown 
in Figure 3. 

Figure 2 shows the comparison of the modelled tidal 
elevations compared to the observations for three of the nine 
EA tidal records at the upper reaches of the Thames Estuary 
between the 31st December 2022 and 14th January 2023. 
Whilst the results show a deviation in the tidal ranges, these are 
to be expected. The observations include both the 
meteorological effects (such as pressure and storm surges) as 
well as the astronomical effects. Whereas the TELEMAC 
model is purely tidal and does not include the meteorology. 
Pressure records indicate a period of strong low pressure over 
the observation period and the National Tidal and Sea Level 
Facility indicate large positive storm surges occurred 
(however, data are not yet available to include in the boundary 
conditions to force the model), explaining the model under 
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predicting the low and high water levels compared to 
observations. Despite this, the model is shown to perform well 
in replicating the timing on high and low water along the entire 
length of the Thames.  

 
Figure 2. Time series comparison of the modelled (blue) and 
observed (orange) tidal elevations at Richmond, Chelsea and 

Westminster. 

To validate tidal ranges in the model, observed tidal ranges 
at port locations along the Thames and within the Medway 
published on UK Admiralty charts were compared against the 
model results. Table 1 summarises the port locations, their tidal 
ranges and the model results. Results show that, at most 
locations, the predicted tidal ranges are within ±5% which is 
very good. The two locations that have the largest deviation are 
at Kew Bridge and Allington Lock, which are at the upper 
reaches of both the River Thames and the River Medway, 

respectively, and represent areas where the bathymetry is at its 
poorest quality, due to the resolution of the bathymetry 
whereby the width of the river of the river is represented by a 
couple of cells. Whilst this means some of the finer scale 
features may not be captured, results show that the high water 
values are well replicated and the over prediction occurs at the 
low water, which is heavily influenced by the model 
bathymetry. The over prediction in tidal range is likely to over 
predict the downstream dispersion of a plume if released near 
the river boundary. However, this is likely to be restricted to 
the last few kilometres of the estuary where the risk of large-
scale oil spills is minimal due to the lack of ports. Despite these 
two locations near the edge of the model domain, the tidal 
elevations are shown to be well represented across the whole 
domain and are considered to be well validated for their 
intended purposes. 

B. Tidal currents 
Unlike tidal elevations, the availability of tidal current 

observations for validation is much more limited. The only 
available data found was tidal diamond data from Admiralty 
charts. Whilst it not the most reliable data source, it can 
provide a useful insight into the tidal characteristics. As such, it 
will be used as a guide rather than rigid data points. A total of 
twelve tidal diamonds across the model domain were used, 
three of which (A-C) were within the eastern half of the 
Thames. Table 2 shows the results of comparison between the 
model and the tidal diamond data. 

For most of the tidal diamond locations (Figure 3), tidal 
currents are within ±0.2 m/s and all replicate the ebb flow bias, 
with tidal currents being faster on the ebb flow (after high 
water) than the flood tide (before high water). The largest 
discrepancy is at tidal diamond G and H (see Table 2) which 
are located at the mouth of the Medway Estuary, where tidal 
currents are underestimated between 0.5 and 0.8 m/s, despite 
tidal elevations being well replicated in the Medway. There are 
a number of possible reasons to explain this. One reason may 
be a difference in the bathymetric levels on the date of the 
observations compared to those used in the model grid or that a 
local 3D effect is not well replicated in 2D flows. Another 
reason may be that tidal diamonds are typically surface 
samples of tidal currents and may well be heavily influenced 
by the freshwater river flow out of the Medway on the ebb tide 
(not modelled here), water running off the intertidal mudflats 
and potentially meteorological effects (not modelled here). 
Given this, the peak spring currents on the flood tide may 
represent a better reflection of the performance of the tidal 
currents in this location, as the effect of the freshwater 
influence will be negated by the incoming tide and the tidal 
currents will be flooding onto the mudflats instead of off. The 
difference in the modelled tidal currents and the tidal diamonds 
reduces to -0.1 and 0.3 m/s. Given this underprediction is 
spatially limited to inshore of the mouth of the Medway and 
the rest of the model domain performs well, the modelled tidal 
currents are considered to be suitably validated for their 
intended purposes. 
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Figure 3. Location of validation points: tide gauges (black squares), admiralty tidal ranges (red circles) and admiralty tidal diamonds (orange 

triangles). The black box denotes the extent of the OSCAR domain. 

Table 1. Comparison of observed and model tidal ranges at port 
locations. 

 

Table 2. Comparison of modelled peak spring tidal currents and 
Admiralty tidal diamonds. 

Tidal 
Diamond 

Peak Spring 
Current 
(m/s) 

Modelled Peak 
Spring Current 
(m/s) 

Percentage 
Difference (%) 

A 1.39 1.50 7.9 
B 1.44 1.23 -14.6 
C 1.54 1.27 -17.5 
D 0.93 1.08 16.1 
E 1.23 1.07 -13.0 
F 0.77 0.90 16.9 
G 1.80 1.01 -43.9 
H 1.49 0.94 -36.9 
I 0.87 0.76 -12.6 
J 0.87 0.76 -12.6 
K 0.72 0.78 8.3 
L 0.57 0.75 31.6 

IV. OIL SPILL MODELLING WITH OSCAR 

A. Transformation of Telemac outputs into tidal constituents 
The TELEMAC2D model provides instantaneous tidal 

currents and elevations over the unstructured domain. 
However, for the oil spill model, tidal currents are generated 
for a specific time and date based on tidal harmonic 
constituents. Therefore, using a harmonic decomposition 
written in Python, the results of the validated TELEMAC2D 
model over the entire domain (Figure 1) can be converted into 
their individual harmonic components: Z0, M2, S2, N2, K1, 
O1, M4 and M6 tidal constituents together with bathymetry 
information at the mesh nodes.  

Furthermore, OSCAR requires two separate files of the 
residual currents of both the tides and the rivers as the rivers 
are handled separately from the tidal constituents. Therefore, 
the model was rerun twice, one with only the tides and again 
with only the rivers. This then gives OSCAR the ability to 
conducting sensitivity testing for different riverine flows, such 
as summer or winter mean flows.  

B. Conversion into regular grid readable for OSCAR 
Unlike TELEMAC, which uses an unstructured triangular 

grid, OSCAR can only deal with gridded data. Therefore, the 
output of the validated tidal constituents from the Thames 
model was interpolated onto a regular grid. Due to 
computational memory limits, a regular grid, with a spatial 
resolution of 0.0005 by 0.0004 degrees longitude and latitude 
(approximately 35 x 50 m) was defined covering the River 
Thames (see Figure 3), rather than the full domain. Whilst this 
downscaling reduces the very upper reaches of the Thames 
estuary to a single grid point, flow still reaches the entire length 
of the estuary and the larger intertidal areas found in the lower 
reaches of the estuary and are still well covered.  

 
 
 
 
 
 
 
 
 
 

Location Tidal 
Range 
(m) 

Model 
Predicted 
Range (m) 

Percentage 
Difference 
(%) 

Sheerness 5.20 5.35 2.9 
Tilbury 5.90 6.28 6.4 
Erith 6.00 6.16 2.7 
London Bridge 6.60 6.52 -1.2 
Chelsea Bridge 6.40 6.03 -5.8 
Hammersmith Bridge 5.70 6.02 5.6 
Kew Bridge 5.30 6.04 14.0 
Grovehurst Jetty 5.30 5.41 2.1 
Bee Ness 5.40 5.48 1.5 
Darnet Ness 5.50 5.53 0.5 
Chatham 5.70 5.65 -0.9 
Strood Pier 5.70 5.76 1.1 
Wouldham 5.30 5.13 -3.2 
New Hythe 3.90 3.87 -0.8 
Allington Lock 3.50 3.90 11.4 
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Figure 4. Comparison of OSCAR velocity field over the Thames estuary from the upstream tidal limit down to the estuary mouth in the 

original shelf model (a) and the new high resolution model (b). 

The high resolution regular grid was set such that it 
overlaps the extent of the original shelf model by 
approximately 15 km. Therefore, when a spill is located within 
the overlap of the original shelf model domain and the new 
high resolution domain, the user is given the choice of utilising 
results from either the high-resolution model or the shelf 
model. Figure 4 shows a comparison of OSCAR velocity field 
over the Thames estuary from the upstream tidal limit down to 
the estuary mouth with the high resolution TELEMAC2D 
model and the standard Copernicus forcing. In addition to the 
tidal constituents, the high-resolution bathymetry was also 
converted into a regular mesh to be uploaded into OSCAR 
bathymetry dataset. 

C. Running OSCAR 
A hypothetical scenario was simulated whereby an oil 

tanker leaving the Tilbury harbour collides with another ship 
near the entrance of the harbour (location: 51.45, 0.41), leading 
to a spillage of 500 m3 of IF-380 Heavy Fuel Oil. To 
demonstrate the improvement in the OSCAR spill model 
capability with the new hydrodynamic forcing, two OSCAR 
simulations were run for three days to predict where the spill is 
likely to hit the estuary banks. The first simulation used the 
standard bathymetry database from OSCAR and its currents 
field from the Copernicus database; with the second simulation 
using the improved bathymetry and the current field from the 
TELEMAC2D high resolution model.  

Figure 5 shows the output plots from OSCAR showing the 
instantaneous surface oil plume and concentration of the 
beached oil released from Tilbury Port on the flood tide, using 
the standard Copernicus forcing (upper panel) and the new 
high resolution TELEMAC2D forcing (lower panel). The 
background of both plots shows the standard OSCAR low 
resolution bathymetry and land mask, whilst the black line 
represents the high resolution extent of the Thames Estuary, 
provided by DEFRA, that was used to generate the boundary 
of the TELEMAC2D model domain. 

The largest difference between the new and old model 
occurred on the flood tide (see Figure 5), whereby the plume 
extent reached a further 8 km upstream of the release site when 
using the TELEMAC2D forcing leading to shoreline impacts 
not accounted for by the previous modelling. This is due to the 
improved resolution and extent of the new model domain. 
Under both scenarios the plume travelled approximately 13 km 
downstream, although, the density of the oil was higher when 
OSCAR was forced with the high resolution TELEMAC2D 
model. The extent of shore hits (where oil has beached on the 
shoreline) downstream of Tilbury harbour was similar when 
using either the old Copernicus forcing or the new high 
resolution model. 
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Figure 5. Outputs from OSCAR showing the instantaneous surface oil plume and concentration of the beached oil released from Tilbury Port 

on the flood tide, using (a) the standard Copernicus forcing and (b) the new high resolution TELEMAC2D forcing. The background shows the 
land mask used by the Copernicus model with the black line representing the new high resolution coastline. 

 

The upper panel of Figure 5 shows the release of oil 
travelling downstream using the Copernicus forcing, but 
upstream in the lower panel with the TELEMAC2D forcing. 
Due to the lack of the tidal prism, by not including the full 
Thames Estuary, in the Copernicus model, the tidal velocities 
are near zero and close to the boundary, the flow is dominated 
by the riverine flow. Whereas, due to the full reach of the 
Thames estuary, and subsequent larger tidal prism, being 
available in the TELEMAC2D model, the currents on the flood 
tide last much longer, allowing the plume to travel its full 
potential upstream of the release site on the flood cycle.  

As such, the improved hydrodynamic forcing provided by 
the TELEMAC2D model, will allow for more accurate 
assessments within the Thames Estuary that could not be 
achieved using the previous model that used Copernicus 
hydrodynamics. The improved resolution will also enhance the 
modelling of dispersion of oil travelling downstream and into 
the southern North Sea due to the improvements in the tidal 
currents and the timing of the full tidal cycle.   

V. SUMMARY 
The tidal database available for the oil spill model used by 

Cefas extends over the UK shelf and has good resolution in the 
coastal zone. Nevertheless, there is scope to improve the 
representation of the tidal currents in the smaller coastal 
estuaries. Therefore, a validated high resolution TELEMAC2D 

hydrodynamic model was developed for the Thames estuary to 
improve the predictions of oil spills. Instantaneous velocity 
fields were analysed and converted into tidal harmonic 
constituents for use with the MEMW-OSCAR oil spill model. 
The new high resolution model of the Thames supplements the 
results from the existing UK shelf model, extending tidal 
predictions a further 58.5 km upstream to the extent of the tidal 
reach at Teddington Weir. Testing of a hypothetical oil spill 
near Tilbury showed the new improved model forcing will 
allow an improved ability to assess the risk of oil spills within 
the Thames Estuary compared to the previous model. 
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