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Objectives

The blue-green infrastructure (B-GI) and sustainable draiange systems (SuDS), such
as floodplain restoration, stormwater ponds, wetlands and bio-swales are increasingly
regarded as an emerging concept for sustainable urban water management in the UK
and many other countries. Nonetheless, the adaptation of the B-GI infrastructures has
been slow, predominately due to lack of empirical data, evidence and dominant
technical uncertainties in its long-term hydrological performance. Thus it is essential
to evaluate the long-term performance of the B-GI so as to bridge the gap between
hard engineering approaches and natural systems. This study assesses the long-term
performance of a floodplain and stormwater pond on flow and suspended sediment
dynamics in two urban catchments through detailed hydrological and two-dimensional

hydro-morphodynamic modelling.

Data & Methods
Two case studies have been undertaken to explore the long-term performance of the
B-GI in urban catchments. The first case study is based on Johnson Creek, Portland,

USA and the later is based on the Ouseburn catchment, Newcastle upon Tyne, UK.
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To improve downstream fluvial flood resilience in Johnson Creek, the East Lents

floodplain on a 0.26 km? site has been reconfigured to reconnect to the river (Figure
1).
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Figure 1 Johnson Creek watershed

In Ouseburn catchment, a number of stormwater ponds are in place to offset
additional runoff from the proposed Newcastle Great Park urban development on the
greenfield site within the greenbelt. This study focus on flow and sediment dynamics

in Pond 2 (Figure 2).
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Figure 2 Newcastle Great Park development



The layer based hydro-morphodynamic model (Guan et al., 2014) has been adopted to
evaluate both short and long-term flow and suspended sediment dynamics in the
above mentioned blue-green infrastructure. In the long term simulation, 64 historical
flow events between 1941 and 2014 are considered for Johnson Creek, whereas 3896

rainfall events between 1982 and 2015 are considered for Ouseburn catchment.

Results & Disscussions

Simulation results indicate that East Lents floodplain provides a flood attenuation up
to 25% at the downstream and the effects are more pronounced for larger flood event
(e.g., 500-year). The temporal and spatial changes of the floodplain topography as a
result of cumulative sediment deposition at regular intervals is shown in Figure 3.
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Figure 3 Cumulative sediment depositions after 8, 16, 24, 32, 40, 48, 56 and 64 events

As expected, the amount of sediment accumulated in the flood basin gradually

increases with subsequent flooding. Results also show that 20% - 30% of suspended
sediment from upstream is deposited on the floodplain and consequently reduces the
annual sediment loading of Johnson Creek by 1% at the confluence with Willamette
river. More details description of the East Lents study can be obtained from (Ahilan

etal.,2015).



The stormwater pond attenuates the flood peak by up to 85% at the pond outlet for
more frequent smaller flood events (e.g., 5-year). Simulation results indicate that
25% - 60% suspended sediments from the Newcastle Great Park development are
deposited in the pond. The flood attenuation and sediment trapping effects by the
pond are more pronounced for more frequent smaller and medium flood events.

Figure 4 shows the simulated temporal and spatial variation of the sediment

deposition in the pond over the 32 year study period (1984-2015).
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Figure 4 Cumulative annual sediment deposition from 1984 to 2015

Most of the historical events with small and medium magnitude lead to temporary
sediment detention and sediment aggradation in the pond. However there are a few
extreme rainfall events in Year 16 (1999), Year 24 (2007), Year 25 (2008) and Year
29 (2012), that resulted in flood events. These events strongly influence the overall
sediment budget by flushing out the accumulated sediment as a shock load to the river
system. On the one hand, this process considerably reduces the sedimentation,
enabling the pond volume and flood resilience capacity to re-establish. On the other
hand, the shock load could lead to elevated concentrations of sediment and pollutants,
resulting in dissolved oxygen depressions due to oxidation of contaminants.

Simulation results also indicate that the major proportion of rainfall events cause




sediment accumulation with an average rate of 0.01 m year™. It indicates that over
time, sediment deposition nonlinearly increases and moves towards the pond outlet
direction. According to the model prediction at the end of the 32 years long-term
simulation, 993m? of sediment was deposited in the pond which is equivalent to 18%
of the total sediment input. This resulted in a 12% loss in the pond’s volume which is
equivalent to a sedimentation depth of 0.26m throughout the pond. More details of
the Newcastle Great Park study can be obtained from Ahilan et al. ().

Conclusions

This study provides the first numerical simulation linking the long-term performance
of a floodplain and stormwater pond on sediment trapping and flood resilience. Based
on the two case studies undertaken, hydro-morphodynamic modelling and long-term
simulation shows that the B-GI offers a considerable means of providing both

improved water quality and flood resilience further downstream.
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