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Why is this work important?
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Lateral transport processes can’t currently be forecast with certainty



Aim:

* To determine the lateral variation of transverse dispersion coefficient in a
compound channel

Method:

e Laboratory experiments
* Dye tracing with continuous fluorescent tracer point source in steady overbank flow
e Optimisation using FDM & the depth averaged Advection Diffusion Equation

Outcome:
* Unique lateral variation of the transverse dispersion coefficient



Experimental apparatus:
Symmetrical compound channel

Constant head, pumped recirculating system

Dye tracing
constant head of Rhodamine WT
Concentrations extracted through small bore
tubes to Turner Series 10 fluorometers via

downstream peristaltic pump
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Experimental apparatus: symmetrical compound channel




Measurement section:

2D LDA for longitudinal and traverse velocities




Depth and depth mean longitudinal velocity (10.8L/s; H, = 0.195)
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Available overbank lateral concentration distributions

1. Main channel

2. Compound channel (i.e. main channel region and floodplain)
3. Floodplain

e Data had to be cleaned

* Transverse spacing sometimes nonuniform; data interpolation a 1mm grid.
* data scaled to ensure constant mass flux

* impact in main channel region due to vertical mixing,
* fluorometer sensitivity settings,
* changes in dye source concentration



Method

* Apply Advection Diffusion Equation to upstream Cvs y

u(y)

ac(x,y)_ 0 D dc(x,y) Depth-averaged
ox  ay| ” 0x 2D ADE

Finite difference model formulation,
allowing for variable D, u, and h

Wil —cl,]_ 1 {(Dfﬂ D) e/~ cf] (0 + DY) [ef - 1]
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* FDM process outlined in West et al. (2021) appendix



Method

* Apply Advection Diffusion Equation to upstream Cvsy

aC(x,y)

h0)u) 52 =2 h)Dy 09

* and in Finite Difference form
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 FDM process outlined in West et al. (2021) appendix



Method

 Comparison of measured & predicted concentrations C at a
downstream reach using a goodness of fit R.? (Young et al., 1980):

RZ=1- (Z(c -6)'/ ) 62)

* Lateral variation of D, identified by optimising R,?



Transverse dispersion (m2/s)

Choose the form of the lateral variation of Dy

To explore in the beginning ..... a Step profile:
r::nia Main channel D,=3 cm2/s
!

-0.4 -0.2 0.0 0.2 0.4 0.6
Transverse position (m)

Flood plain D, = 0.6 cm?/s

Interface fixed at
the top of the bank,
x=%0.168 m.

D, selected manually



FDM — Step D, —Main channel
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FDM — Step D, — Flood
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FDM — Step D, — Main channel & Floodplains
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Possible to use a uniformnr
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FDM Optimisation Results



Dual semi-Gaussian dispersion coefficient

Note when doing a 4
parameter optimisation
with a fixed main
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1 sensitivity to parameter 1

Optimised values:
#1: 0.1 = 2.3 <= 50.0 cm?/s \
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Optimised values: 0.9955
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Optimised values: 0.9885
#1:0.1 = 6.6 <= 10.0 cm?/s 0.988 §
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Summary of D,

#1 MC #2 FP #3 MC/FP | #4 Omc th MC th MCFP
cm?/s cm?/s cm?/s cm

DSG MC 2.3 >0.995

optimised

DSG MCFP 7.4 X 29.3 X 8.1 >0.995

optimised

DSG FP X 0.4 X X 8.8 >0.995

optimised

DSG MC & MCFP 5.5 X 25.1 1.3 8.7 >0.969 >0.992

optimised

DSG MC & MCFP 5.4 0.3 23.2 1.4 9.9 0.987 0.987 0.987

& FP optimised



Conclusions

* Normalised #1 Main channel (D /Hu.) = 0.09 to 0.13 (depending on u. calc)
. = 0.42 with MC bank reflections

* Normalised #2 (D,/Hu.) = 0.18 over the rough floodplain
* Peak D, at start of floodplain x4 main channel D, (x77 floodplain D)

* Spread onto FP (#5) 7x spread into MC (#4).
* Spread can be identified without values of Peak or tail D, — depends on shape?

e Dual Semi Gaussian distribution works, but optimisation of all five # factors
required 3 tracer sources
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