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Mixing in rivers under complex conditions

Yotsukura & [START_REF] Rutherford | Transverse diffusion of solutes in natural streams[END_REF] Simplified diffusion equation

𝑞 =  0 𝑧 𝑢 𝑑 (𝛿)ℎ(𝛿)𝑑𝛿 = cumulative discharge Streamtube model equation 1 𝑢 𝑑 𝜕𝑐 𝑑 𝜕𝑡 + 𝜕𝑐 𝑑 𝜕𝑥 = 𝜕 𝜕𝑞 (ε 𝑧 𝑢 𝑑 ℎ 2 𝜕𝑐 𝑑 𝜕𝑞 ) z 0 x 𝑢 𝑑 1 𝑢 𝑑 𝜕𝑐 𝑑 𝜕𝑡 + 𝜕𝑐 𝑑 𝜕𝑥 ≈ 𝐸 𝑧 𝜓𝑈𝐻 2 𝜕 2 ҧ 𝑐 𝑑 𝜕𝑞 2 𝜓𝑈𝐻 2 = 1 𝑄 න 0 𝑄 𝑢 𝑑 (𝑞)ℎ(𝑞) 2 𝑑𝑞 -> E z = averaged transverse mixing coefficient 1 𝑢 𝑑 𝜕𝑐 𝑑 𝜕𝑡 + 𝜕𝑐 𝑑 𝜕𝑥 = 𝜕 𝜕𝑞 (ε 𝑧 𝑢 𝑑 ℎ 2 𝜕𝑐 𝑑 𝜕𝑞 ) Streamtube model equation Constant coefficient equation B q Q 𝜃 𝑥, 𝑞 = න 0 ∞ 𝐶 𝑥, 𝑞, 𝑡 𝑑𝑡
Local dosage :

𝜕𝜃 𝜕𝑥 = 𝐸 𝑧 𝜓𝑈𝐻 2 𝜕 2 𝜃 𝜕𝑞 2
Instantaneous injection at q=q 0 Step 1 : Determine segments to study Segments studied must :

1 𝑢 𝑑 𝜕𝑐 𝑑 𝜕𝑡 + 𝜕𝑐 𝑑 𝜕𝑥 ≈ 𝐸 𝑧 𝜓𝑈𝐻 2 𝜕 2 ҧ 𝑐 𝑑 𝜕𝑞 2
• Have an easy access

• Have a homogenous geometry (roughness, width, depth, slope)

• Be long enough (too short -> no mixing measurable)

• Not too far from injection (-> complete mixing) Step 2 : Calibrate probes (EDF)

Step 3 : Measure bathymetry + velocity field at each survey cross sections Step 6 : Measure C(t) on each probe, evaluate , =f(q) 

*

  the variability of the transverse mixing coefficient in inhomogenous rivers 4 Simulation of a pollutant release in river 2. Theoretical aspects Advection-diffusion in turbulent regime • D = molecular diffusivity • ε 𝑡𝑖 = turbulent diffusivity • ഥ 𝑢 𝑖 = Time-averaged velocity vector • 𝑐= Concentration • overbar = time-averaged • x= space, t=time, i=1,2Turbulent regime  D<< ε t * Uniform 1D horizontal flow  depth averaging: 𝑼 𝒙 = 𝒖 𝒅 (𝒛) and U z =U y =0 * Vertical mixing >> transverse mixing  vertical dispersion neglected * Considering the averaged transverse mixing coefficient E z 6 -> 𝑢 𝑑 = local streamwise velocity -h = local depth -> 𝑐 𝑑 = depth average concentration -> z = transverse position -> ε 𝑧 = transverse mixing coefficient

(

  Time-dependent equation : න 𝑑𝑡 𝑐 𝑑 𝑥, 𝑞, 𝑡 = 0 = 𝑐 𝑑 𝑥, 𝑞, 𝑡 = +∞ = 0 Solution with mirror :θ 𝑥, 𝑦 = 𝜃 𝑢 𝑥, 𝑞 + 𝑞 0 + 𝜃 𝑢 𝑥, 𝑞 -𝑞 0 + σ 𝑛=1 𝑁 𝜃 𝑢 𝑥, 2𝑛Q ± 𝑞 ± 𝑞 0 + 𝜃 𝑢 𝑥, 2𝑛Q ± 𝑞 ± 𝑞 0

From

  injection to S1 : 𝐸 𝑧1 = 0.11 m²/s From S1 to S2: 𝐸 𝑧2 = 0.35 m²/s 15 𝑬 𝒛𝟏 = 𝟎. 𝟏𝟏 m²/s 𝑬 𝒛𝟐 = 𝟎. 𝟑𝟓 m²/s

  

  

  

  

  

  

  

  

  

  

  

  

  

Channel with boulders