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The Characteristics of the Hyporheic Zone and Effects of Biological Bedforms
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The hyporheic zone is an important part of natural rivers, which connects the u
nderground and surface water. The velocity and scalar concentration gradients a
re high in the hyporheic zone. That zone also provides living environment for b
enthic animals. The bed surface over the hyporheic zone is usually both rough a
nd permeable, leading to strong interactions between the overlying and inner wa
ter. Most previous studies ignored the effects of bed roughness or bed permeabi
lity. In this paper, the turbulent flow and solute transfer over rough and perm
eable beds were investigated using the large—eddy simulation, and the impact of
biological bedforms on the near—bed and subsurface flow was also analysed. The
characteristics of turbulence dynamics and the effects of bed permeability were
investigated by applying the double—averaging (DA) methodology. Spheres of dif
ferent sizes and arrangements were used to form the beds, which were deemed to
be permeable granular beds. It was observed that the scales of the spanwise vor
tical structures over more permeable beds were larger than those over less perm
eable beds. This was attributed to large—scale spanwise—alternate strips of var
ying Reynolds shear stress (RSS), emerging from the surface of macro—rough elem
ents for permeable beds. The DA stress balance suggested that the time—averaged

spanwise vortical structures led to an unusual peak of the form—induced stress

in the main flow. In the streamwise direction, both large turbulent structures




that originated from the Kelvin - Helmholtz—type instability and small turbulen
t structures that were associated with the turbulent transport across the gaps
of the roughness elements were more prevalent over highly permeable beds. Near
the bed, the relative magnitude of turbulent events showed a transition from an
ejections—dominating to sweeps—dominating zone with increasing vertical elevat
ion. Further, several hydrodynamic characteristics normalized by inner scales
(the ratio of kinematic viscosity to shear velocity) showed a greater dependenc
y on permeability Reynolds number than those normalized by sediment size. The co
ntrolling factors in solute transfer under different typical rough regimes were
identified. Three rough wall turbulence regimes, i.e., smooth, transitional an
d rough regime, were separately considered and the effects of bed roughness on
solute transfer were quantitatively analyzed. Results showed that the classic 1
aws related to Schmidt number could well reflect the solute transfer under the
smooth regime with small roughness Reynolds numbers. Under the transitional reg
ime, the solute transfer coefficient was enhanced and the effect of Schmidt num
ber was weakened by increasing roughness Reynolds number. Under the rough regim
e, the solute transfer was suppressed by the transition layer (Brinkman layer)
and was controlled by the bed permeability. Moreover, it was found that water d
epth, friction velocity and bed permeability could be used to estimate the solu
te transfer velocity under the completely rough regime.The impacts of biogenic
bedforms on near—bed turbulence, sediment stability, up— and down-welling flow
were discussed in gravelly substrates. A large—eddy simulation model of flow ov
er a pit and a mound was validated with flume experiments. Simulations of the p
it showed that the length of the downwelling region was smaller than that of th
e upwelling region and the magnitude of velocity was higher in the downwelling
region. Simulations of the mound revealed that the flow was forced into the ups
tream of the mound and re—emerged near the top of the mound. The recirculation
zone was limited at the leeside of the mound. With increasing Reynolds number,
the depth of the upwelling region at the leeside of the mound increased. The an
alysis of shear stress indicated that sediments on the upstream edge of the pit

and on the downstream face of the mound were relatively unstable
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