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I. Introduction

Since 2016, Ensta students have conducted annual
water quality surveys at Lake Guerledan.
Collecting CTD measurements on key water quality
parameters.
Conducting water quality simulations with the
TELEMAC-3D Model.
New advancements were introduced in this year’s
research:
o New oxygen sensor added on the CTD probe
o Expanded the spatial coverage of our
measurements
o For the TELEMAC model the air-water
interaction was added




I1. CTD Analysis: Methodology
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Figure 1 : AML-6 CTD and the 6 sensors on it.




I1. CTD Analysis: Methodology
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Figure 2 : Map of Lake Guerlédan. 102 CTD measurements made Lagoon

across the lake in February and 104 in October.
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[1. CTD Analysis: Methodology
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A. Temperature and DO in October
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Figure 4 : Vertical mean profile and transect of temperature and dissolved
oxygen in October 2024 7




B. Temperature and DO in February
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Figure 5 : Vertical mean profile and transect of temperature and dissolved

oxygen in February 2025
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C. Chlorophyll and Turbidity in October

Mean value of Chloro-blue Mean value of Turbidity

5

" Turbidity [NTU]

0
5
101 104
15 €151
N —
20 2 20
[
o
251 25
30 30
35 35
3.0 35 4.0 4.5 5.0 5.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Chloro-blue [pg/L] Turbidity [NTU]
0 Vertical transect of Turbidity
= , :
5‘;‘ - = -
50 — y
d 1
= 1o} — ]
£ 5= S 3
= P = -
2= = = ,’
g 2 s i
2 00 ) ]
2 O§ = A ,',l 1"
= \ ]
O L 1 [
» .
35 ---- Station at the dam (n°75)
1 3.0 1
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

Distance on transect [m] Distance on transect [m]

Figure 6 : Vertical mean profile and transect of chlorophyll and
turbidity in October 2024
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D. Chlorophyll and Turbidity in February
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Figure 7 : Vertical mean profile and transect of chlorophyll and

turbidity in February 2025
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IV. TELEMAC-3D Temperature Model: Methodology
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Figure 8 : Inputs and equations of the Temperature model




V. TELEMAC-3D Model: Results
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VI. Conclusion and Perspectives

e Analysis of temperature, dissolved oxygen, chlorophyll, and turbidity highlighted seasonal
and spatial variations across the lake

e TELEMAC model simulated lake temperature dynamics with limitations, resulting in
non-realistic results

e Continue measurements

- pH, nutrients (NO3 NO, and P) which are indicators of eutrophication (Legendre, 1989)
- see the evolution of DO'and other parameters over years

e TELEMAC
- Get the temperature of the Blavet inflow
- Calibrate air-atmosphere equations
- Increase computing power
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Appendix - Filtering
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Figure : Turbidity scatter plot of every station in October 2024 without filtering (Left) and with filtering (right).




Appendix - Sensor accuracy

Sensor | Temperature Dissolved Oxygen Chlorophyll
Range -5-45 °C 0-425 pmol /L 0-500 pg/L
Accuracy +0.005 °C +2 % or £2.0 umol/L +2 %

Sensor

Pressure

Turbidity

Conductivity

Sound Velocity

Range

0-3000 NTU

0-90 mS/cm

1375-1625 m/s

0-100 dBar

Accuracy

+2 % or £0.2 NTU

+0.01 mS/cm

+0.025 m/s

+0.05 % dBar

Table : Range and accuracy on each measured parameters




Appendix - Width transect in February 2025
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Figure : Transects of temperature, dissolved oxygen, turbidity and chlorophyll along the width of the
lake in February 2025




Appendix - Horizontal interpolation in February 2025

Horizontal plot of Temperature at 4m in February 2025 Horizontal plot of Dissolved Oxygen at 4m in February 2025
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Figure : Horizontal interpolation of temperature, dissolved oxygen, chlorophyll and turbidity in February 2025 at 4m depth.




Appendix - Temperature over years
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Figure : Vertical mean profiles of temperature across the entire lake for all recorded autumn (left) and
winter (right) seasons throughout the observed years




Appendix - Evolution of temperature over years
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Figure : Evolution by layer of temperature in October (left), and in February (right)




Appendix - Evolution of chlorophyll over years
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Figure : Evolution by layer of chlorophyll in October (left), and in February (right)




Appendix - Evolution of parameters over years

Date Surface T | Bottom T AT Thermocline | Chloro-blue | Turbidity ]
October 2016 15.0°C 8.6°C 6.4°C 16.2m 1.75 pmol /L | 2.61 NTU
October 2017 16.6°C 7.7°C 8.9°C 16.8m 2.12 pmol /L | 2.02 NTU
October 2018 16.5°C 6.8°C 9.7°C 16.8m 1.53 pmol/L | 1.51 NTU
October 2019 17.2°C 8.0°C 9.2°C 16.7m - -
October 2022 16.7°C 8.2°C 8.5°C 13.2m 1.80 pmol /L | 2.20 NTU
October 2023 18.6°C 8.0°C 10.6°C 17.7m 7.14 pmol/L | 2.18 NTU
October 2024 16.3°C 7.8°C 8.5°C 19.3m 3.71 pmol /L | 1.93 NTU

Date Temperature | Chloro-blue | Turbidity
March 2017 7.33°C 2.67 pmol/L | 1.96 NTU
February 2018 6.65°C 4.37 pmol/L | 2.41 NTU
February 2019 6.11°C 1.91 pmol /L | 3.60 NTU
February 2020 7.45°C - -
February 2023 6.48°C 1.42 pmol /L | 2.20 NTU
February 2024 7.01°C 4.06 pmol/L | 4.10 NTU
February 2025 6.95°C 4.14 pmol /L | 9.24 NTU

Figure : Mean value of parameter over years




Appendix - Eutrophication

Trophic status of a water body can roughly be

assessed by using information about the concentra-
tion of the limiting nutrient (phosphorus), chloro-
phyll (an indicator of phytoplankton biomass), and
transparency (dependent on both algal biomass and
sediment resuspension, expressed as Secchi depth).
The most widely accepred limits are those suggested
by the Organization for Economic Cooperation and
Development (OECD):

Trophic Mean total, Mean Max. Mean
category  P(pgl’) (ugchi-al'’) (ugchi-al’) Secchi
depth (m)
Oligotrophic <10 <25 <8 >6
Mesotrophic  10-35 2.5-8 8-25 6-3
Eutrophic >35 >8 >25 <3

Figure : Istvanovics, V. (2015), Eutrophication of Lakes and Reservoirs, Budapest University of

Technology and Economics




Appendix - Flow rate of the Blavet

Flow rate of the Blavet from October 2024 to February 2025.
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Figure : Flow rate of the Blavet River from October 2024 to February 2025 (Eaufrance, 2025).




Appendix - Linearization of the temperature
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Appendix - TELEMAC water level
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Figure: Water level normalized to 0 meters, recorded by two buoys and simulated by the TELEMAC model.




