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Project Executive Summary: Work-Packages

1. WP1 - Quantification of the P load entering the lake from the main tributaries.
2. WP2 - Quantification of the P load from overflows of the combined sewer 

along the lake 
3. WP3 - Quantification of the P fluxes from the sediments
4. WP4 – Remote monitoring of the lake surface
5. WP5 - Sewage modelling
6. WP6 – Lake modelling
7. WP7 - Project dissemination
8. WP8 - Project management



UniBS Activities



Specific sub-objective:What is the impact of the incoming tributaries on the phosphorous content of the lake? What is the actual

time variability of the concentrations? What are the area of the lake mostly affected by the river waters?

P from the main tributaries

Role of the macrophytes in the shallower areas

P from the sediments

in the anoxic area

P from the CSOWs

Hydrodynamic and 

ecological modeling

WP1 and WP4 – Impact of the load by the tributaries



WP1 - Quantification of the P load from the tributaries

 In 2017: real time monitoring of P, conductivity and temperature at the entrance
of Oglio river in Lake Iseo

Water T, Cond

P-PO4



 Now on the web

WP1 - Quantification of the P load from the tributaries



 Statistical analysis showing the impact of the rainy events on the overall load to the
lake

WP1 - Quantification of the P load from the tributaries

Discharge and rain

SRP concentration

SRP load



WP1 - Quantification of the P load from the tributaries

 Example of the more recent event



WP1 - Quantification of the P load from the tributaries

 Example of a flood events



 Statistical analysis showing the impact of the rainy events on the overall load to the
lake

WP1 - Quantification of the P load from the tributaries

-63%



WP1 - Quantification of the P load from the tributaries

-63%

 Installation of an autosampler for cross-comparison of the measured data with the
lab measurements by Parma



WP1 - Quantification of the P load from the tributaries

Qmax = 14 mc/s

Qmax = 10 mc/s



What determines the conductivity variations in the river?

WP1 - Quantification of the P load from the tributaries

Qmax = 182 mc/s

• Reasonable good estimation during rainy events
not associated with high river discharges

• Load underestimation during floods due to high
particulate P

What about the contribution of the Canale? Next autumn at the same time in
Canale and in Oglio river?



WP4 - Remote monitoring of the lake

Turbidity data from satellite images

Rotating

Non rotating

Inflow path viewed 
in  a physical model

 In 2017: Identification of the inflow’s path affected by the Earth’s rotation

Results of a field campaign

14/2/17 11:20

14/2/17 11:55

14/2/17 12:55
Webcam images



WP4 - Remote monitoring of the lake

 Now published and confirmed by recent webcam images

6/4/2018 10:05

6/4/2018 11:05

6/4/2018 12:05



WP3 and WP6: Study of the impact of the lake’s hydrodynamics and sediments’ chemistry

Specific sub-objective:What are the effects of the internal waves on the release of the P from the sediments in the monimolimnion?

P from the main tributaries

Role of the macrophytes in the shallower areas

P from the sediments

in the anoxic area

P from the CSOWs

Hydrodynamic and 

ecological modeling



Water velocity -1m

Water velocity -220m

Wind at LDS

N

E

NS Modeled temp 0-40m & water vel.

NS Modeld DO as a passive 

tracer 70-120m & water vel.

fromN

fromS

WP3 and WP6 – Internal waves study see Valerio et al. 2012 L&O, Valerio et al. 2017 WRR



WP3 and WP6 – our hypotesis

𝛿𝑉 ≅  8.6𝜐 𝑈∗ = 𝑂 1𝑐𝑚

𝛿𝐷𝐵𝐿 ≅ 𝑆𝑐0.5 𝛿𝑉 = 𝑂(1𝑚𝑚)

𝑆𝑐 =  𝜐 𝐷

Modified from Lorke and Peeters, 2001 

and from Bryant  et al. 2010
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** Constant shear stress (Lorke and Peeters 2006)

F=F(t)

 Internal waves induce temporal variations of the shear stress at the top of the bbl in the 

monimolimion



WP3 and WP6 – our hypotesis

* General ** Constant shear stress (Lorke and Peeters 2006)

 Internal waves induce temporal variations of the redox conditions across the oxycline

Modified from Lorke and Peeters, 2001 

and from Bryant  et al. 2010

See e.g. Bryant et al. 2010 L&O

Hupfer et al. 2007 Aquat Microb Ecol

Fluctuating redox conditions could imply:

• Oxic conditions: higher mineralisation of organic bound P and temporary fixation at

FeOOH

• Anoxic conditions: strong release of P due to reductive dissolution of Fe(III)



 Monitoring oxygen just above the sediments and at the same depths in the nothern chain

WP3 and WP6 – Field measurements



Wind at LDS (N)

DO (mg/l) at TC (S)

T (°C) LDS (N)

WP3 and WP6 – Measured oxygen dynamics at the lake bottom

 Strong temporal dynamics of the oxycline at -90m: Dominant V1H1 mode in resonance with 

the wind and occasional V2H1 by long-lasting wind 



Squeezing Squeezing

Downwelling

T = 73 hoursWind at LDS (N)

DO at LDS (N)

DO at TC (S)

T at LDS (N)

WP3 and WP6 – Measured oxygen dynamics at the lake bottom

Upwelling



WP3 and WP6 – Measured oxygen dynamics at the lake bottom

 Confirmed NS gradient of the oxycline by the profiles (summertime)



WP3 and WP6 – Measured oxygen dynamics at the lake bottom

 Interesting EW gradient of the oxycline in northern part of the lake (wintertime)

wind



WP6 – Lake Modeling

 Winter sampling in 2017
- interesting to follow the deoxygenation process after Feb 2017
- mixing depth controlled by salts



WP6 – Lake Modeling

 Similar mixing behavior  (< 80m)



Project dissemination: WP7

 Project “alternanza scuola-lavoro” in the High school ’I.I.S. “Antonietti”: 60 hours 
course for 2 classes, including seminars,  physical experiments, numerical classworks
and field activity. 



Future opportunity for our group


