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1 BACKGROUND

In recent decade, hyperconcentration-related drag reduction has received more and
more attention in the stu

phaet
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The downstream peak discharge increase of hyperconcentrated floods in the Yellow River:
the later part of the flood may be accelerated by the hyperconcentration-induced drag reduction,
and catch up the front part resulting an increasing discharge peak.

Tidal range increase: based on the long-term observations of the European tide-dominated estuaries,
Winterwerp and Wang (2013) suggested that besides the river engineering works which largely

changed the estuarine topography, the hyperconcentration-related drag reduction also played a vital
role in the increase of tidal range.
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1 BACKGROUND

Land reclamation in the past decades have greatly changed the configuration of the Qiantang
Estuary which are featured by relatively high concentration of fine sediments. Tidal ranges
have been observed to increase in some parts of the Qiantang Estuary after land reclamation.
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2 TIDAL-WAVE ANALYTICAL MODEL
2.1 SKETCH OF ESTUARINE GEOMETRY
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2 TIDAL-WAVE ANALYTICAL MODEL
2.2 GOVERNING EQUATIONS AND ANALYTICAL SOLUTIONS

1 Assumptions:

= Neglecting advection, diffusion; Z—'; =0 .

2 1D shallow water mass and momentum conservation equations:

0n+ A, au_ A, u:O an+ Ac du A u
ot b,+Abdx b,+ AblL, dt b.+Abdx b.+ AbL,
du an |ru du an ulul

at 9o [ FIREA I G

3 The above solutions are harmonic functions:

n(x,t) = h + agel(@t—kx)
u(x, t) = U ez(wt kx— qo) at the distance the relatlve tidal amplltude a(x) /ag = 3
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2 TIDAL-WAVE ANALYTICAL MODEL

2.2 GOVERNING EQUATIONS AND ANALYTICAL SOLUTIONS

4 Uniform form of the analytical solution of the two models:

1 Relative tidal range
ki = 2Lb{1+ [2\/(/1 — 12 + (4,1.)2 — 2(4A, —1)] } E—) ) =

A, is estuarine converging index
bC + Ab 4Lb(1)2
A, =
b, gh
k; is imaginary wave number

The essential difference is the calculation of dimensionless friction r,, :
Linear friction model-maximum velocity

Non-linear friction model-mean velocity
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3 ANALYTICAL MODEL APPLICATION IN THE QIANTANG ESTUARY
3.1 SUB-REACH DIVISIONS AND PARAMETER SETTINGS

(1) Clear water condition
C =18log(12h/ks)
(2) Hyperconcentration-related drag reduction
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3 ANALYTICAL MODEL APPLICATION IN THE QIANTANG ESTUARY
3.2 ANALYTICAL RESULTS

(1) Comparison of linear and non-linear (2) Comparison of different friction
friction models methods for non-linear friction model
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4 MATHEMATICAL MODELLING

4.1 2D DEPTH-AVERAGED MODEL

(1) Governing equations

dh d(h d(h

L) a(hw) _
dt dx dy

d(hu) N d(hu® + 0.5gh?) N 8 (huv)

dt dx dy
d(hv) N d(huv) N d(hv? 4+ 0.5gh%)
at dx dy

(2) Numerical methods
Cartesian grid

UFORCE scheme for flux computing
2nd order Runge-Kutta for source terms
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4 MATHEMATICAL MODELLING
4.2 MODEL SET-UP

(1) Sketch of the Qiantang Estuary
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(2) Computational region

Computational domain 115.8km X 20.4km, grid size 100m X 100m, 238960 grids

(3) Initial and boundary conditions

Upstream end: constant water level, downstream end: periodic water level
Initially static water, bed level equals to initial water level subtracting water depth
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4 MATHEMATICAL MODELLING

4.3 MODEL RESULTS

(1) Comparison of analytical and numerical results
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(2) Numerical results of different friction methods

against observations
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(3) Comparison of analytical and numerical results

for drag reduction methods against observations
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4 MATHEMATICAL MODELLING
4.3 MODEL RESULTS

(4) Time evolution of water level at representative stations
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5 CONCLUSIONS

® The accuracy of the tidal range prediction in an analytical model is obviously
iImproved when a non-linear friction using mean flow velocity replaces a linear
friction using maximum flow velocity.

® Regarding high sediment-laden estuaries such as the Qiantang Estuary,
hyperconcentration-related drag reduction may explain the extremely small bed
friction calibrated in traditional mathematical modelling, providing a more physical
way for accurate prediction of tidal waves.

® The good fit of analytical and numerical results of drag reduction to the observed tidal
ranges not only implies its importance, but also demonstrates the successful extension
of the Yellow River drag reduction formula to the Qiantang Estuary.
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