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HYDROLOGICAL PROCESSES URBAN STORMWATER

IMPACTED BY URBANISATION STRATEGY

Drainage-efficiency approach
« Started in mid 20 century

« Stormwater nuisance, waste
rather than a resource

* Focused on rapidly conveying the
Stormwater flow as from urban areas to

management streams

Load-reduction approach
« Started in1990s

+ Pollutant load reductions

CRC for

Water Sensitive Cities watersensitivecities.org.au

o 0¥



@ 0¥

Problem Statement

CRC for
Water Sensitive Cities

Urbanization impacts on
hydrology

Stormwater management
through
pipe drainage and opportunistic
SCMs in new developments

Complex urban hydrology and
lack of understanding of rainfall
process in different surfaces

Stormwater management

targets

objectives focus on water quality

current knowledge catchment scale assessment on hydrology

Knowledge and Gaps

Lack of evidence on effectiveness of
stormwater management

Many short term empirical
studies

Few empirical long term studies

Lack of data and difficulty in
separating SCMs vs urbanisation

Lack of catchment knowledge in
setting management strategy

How much rainfall stores in the
urban catchments

MNo hydrological targets for
stormwater management
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Some of the research gaps through Literature

1. The effectiveness of infiltration-based stormwater management, LID benefits, retrofit
effectiveness poorly understood (Allison, 2014 & Fanelli, 2017 & Eckart, 2017).

2. Yet the extent of retrofit stormwater management necessary to restore healthy streams remains
to be determined (D. Fletcher, 2015).

3. Lack of wholesome stormwater management objectives will result in missing out on achieving
the outcome. All aspects are magnitude, frequency, timing and rate of change (Hamel, 2013).

4, There is a clear research need to quantify how LID practices affect water quantity (i.e., runoff
and discharge) and quality at the scale of catchments. (H.E.Golden, 2017)

5. Contrasting scales impacts on hydrological and water quality dynamics, whilst assessing how
management of water in the urban environment is occurring at increasingly local scales. Future
work Is required to assess the contrasting scale at which these have a demonstrable effect on
the overall urban water cycle. (S.J. McGrane,2016).

6. Distribution, Connectivity, density and scale of impact of these Gl is varied in different studies
need to be investigated and adopted for infill development (V.McConnell, 2010).

/. Lack of watershed strategies that scientifically inform targeted green infrastructure placement
(T.H.Epps, 2018).

8. Conventional approached to stormwater management for environmental protection fail because

they do not address all of the changes to the flow regime caused by conventional stormwater
drainage. (M.J.Burns, 2012)
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Literature review

Current understanding and knowledge in cumulative impacts of
stormwater strategy in the catchment scale

Over 20 imperial studies undertaken around the world mainly in USA
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location and details of empirical studies that reported effects of SCMs on hydrology

rSite—Study tocation CatCHeE MpeTviousTTe Stady triKey FidiTgs
Annapolis CKAA YdzZ GAYSUNRO Fylfearas gKAOK f SOSNFISR 020K RAAONBGS RAAOKINHS |yR O2yiUAydz2dzza aildl ASHNIAYTFLEEE Y2YAU2NAY 3 RIEGEZI NBGI
1 Fanelli et al.(2017) MD, USA  USA 0.05-0.6 1to 76.9 watershed restorations showed limited success in modulating the hydrological effects of urbanization
OSTET alna” RIMES ITCITTTatt, € mital analysis or aischarge trougn a statstcal moderl detected small DUt signiicant teatment erects. Analysis o1 the parameters snowed a Weakenea correration between precipitation and discnarge, suggestng an Imncrease 1 e stormwater miial 105s (g
2 (2013) OH, USA USA 0.28-2 13-20 7 recharge).
Hamel and Melbourne, SCM strategies like rainwatertanks decreased the total flow, but had no effect on the altered baseflow regime. Raingardens with a low flow underdrain also did not improve the
3 Fletcher(2014) Australia Aus 40 low flow. A combination of both harvesting and infiltration is more eefective in restoring total flow and baseflow regime, but both options could not completely restore the predevelopment baseflow regime.
Cheongju, South
4 J Kim (2018) South KoreaKorea 0.14 LID is more effective in short rainfall event with significant reductions and the performance is decreased as rainfall increased
Houston,
5 B Yang (2013) Texas, USA USA 89 32 8 Empirical evidence strongly suggests that integrated Gl application can be effective in stormwater runoff reduction and water quality improvement
6 W.K.Yau (2017) Singapore Singapore 0.4 78-95 study found that the ABC SUDS features are effective in reducing peak flow for the 10-year design storm, by 33%,
Arval, Ashbolt, and _Brisbane,
7 Mcintosh (2016) Australia Aus 1.4-27.9 5to 70 By implementing stormwater harvesting options the hourly flows were reduced by up to 60 % but the maximum flow was unchanged
Washington During rainfall events decentralised SCMs resultin lower maximum discharge and stream response, higher baseflow than centralized SCMs; yet land cover caused the most of total runoff volume reduction and stream response decrease. Results suggested a ¢
8 J.V.Loperfido (2014) DC, USA __UsA 1.1-7.02 3t0 39 2 forest land cover and distributed SCMs as a solution to manage urban waterways
Narytard;
9 A.S. Bhaskar (2016) USA USA 1.11 30 10 during development baseflow and total flow increased and after urbanization baseflow seasonality decreased and baseflow recesstion rate decreased
C.J.Walch(2015), Melbourne ,
10 M.Burns(2016) Australia Aus 4.5 13.5 8 study covers 10 catchment - The catchment that had SCMs implemented have significantly reduced the streamflow volume and runoff coefficient, which is not the case in reference and control catchments
11  Jarden et al. (2016) Ohio, USA USA 0.11 55.5 3 The results of this study illustrate promising effectiveness of catchment-scale green infrastructure retrofits in mitigating stormwater run-off from headwater streets by reducting peal and total flow volume and increased lag time
Palatinate,G can conclude that green infrastructure retrofits have the demonstrated potential to
12  S.Kebler (2012) ermany Germany 0.4 33 2 improve catchment-scale stormwater run-off, but they do not always perform up to that potential.
Scottdale,
13 R.Hale(2015) Arizona, US/USA 1.2-5.6 49-5.6 79 infrastructure design strongly have impact on watershed hydrology and water quality(N, P, and DOC)
North 2.5t0 the signal produced by the distribution of SCM mitigation was insufficient to overcome the signal from imperviousness, (2) these metrics do not incorporate necessary information on spatial arrangement of both impervious surfaces and SCMs, (3) Tl is actually a bettg
14  C.D. Bell (2016) Carolina, USA 32.9 410 54 1 the suite of hydrologic behaviours studied here and (4) SCMs are unable to reverse the connection between urban surfaces and streams formed by storm drainage pipes (i.e., some mitigated impervious surfaces are still effective)
Willington, 0.003- SCMs of limited size and application installed as retrofits within the street right-of-way can mitigate some
15 J.L.Page(2015) NC,USA USA 0.005 60 2 of the water quality impacts of existing residential developments
Middleton
16 W.A.Gebret (2012) WI, USA USA 153.2 N/A 33 Based on data collected for streamflow data collected at the Pheasant Branch at Middleton streamflow-gaging station, flood peak discharges increased 37 percent for the 2-year flood and 83 percent for the 100-year flood. And scm could reduce the sediment dichargs
Perth
17  L.Locatelli (2016) Australia Perth 112 24 40 The simulated contribution to stream flow from the whole model area in the period 2009-2014 was 16% of the incoming rainfall.
Washington,
18 M.J.Pennino (2016) a 5 m5/ X USA 0.001-140.5 34.3 11 Specifically,this studyfoundthatatthewatershed scale, when stormwater green in-frastructure controls is larger than 5% of drainage area,flashy urban hydrology and nitrogen exports are reduced.
Chapel Hill,
19 D.E.Line (2015) NC, USA USA 0.03 24 6 Monitoring results documented that the postdevelopment, runoff to rainfall ratio, and pollutant export at both stations were significantly greater than those of the predevelopment phase, during which time the land use on the site was mature woods
County, GA,
20 Aulenbach (2017) USA USA 3t024 12t052 15 Y Hyodn (2 ppodm LISNOSY(d F2NI 2, 4 HANHCMPYE SHAGK € 28SNI NHzy2FF NIGA2a Ay 26 LINBOALAGFGAZ2Y @SIFENER® ¢KS ¢l GSNAEKSRa ¢6AGK (GKS K
Wisconsin, 0.55to ¢CKS W[L5 o0laAayQ NBUOUFIAYSR Y2NB ad2NXglF GSNI RAAGOKINAS 6 opp> 2F LINBOALMAGFGAZ2Y 0SS NBadzZ GAy3 Ay YdzOK 2SN 20Kt |yydzZ f RAaOK
21  Selbig (2008) USA USA 0.77 6 increasing precipitation intensity (>0.5 inch/h).
Carolina, 0.51to
22 Hur(2008) USA USA 31 28 1 The developing catchments had flashier hydrographs and higher area-normalized peak flows than the relatively undisturbed catchments. Thus, the implemented SCMs failed to consistently control stormwater runoff.
Waterford, 0.02to
23 Hood (2007) Connvecticut USA 0.055 22t0 29 3 The research focused on surface runoff. Stormwater runoff (volume, peak discharge) from the impact subdivision remained unchanged/reduced, lag times increased, compared with the control subdivisions.
North While both subcatchments had great reductions in peak discharge (>98%), the subcatchment with distributed SCMs had much more runoff volume reduction (98.3%
24 Wilson (2015) Carolina, USA 0.02 1 median) than the other one (51.4% median).
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Shuster and Rhea (2013)
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Stream discharge and precipitation were Aot e SIS
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Implementation of the stormwater management LIS . N
treatments Eh
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BACI design (Before After Control Impact) N
The control catchment showed a weakened A Y
correlation between precipitation and discharge REAENEEE
: %< Rain G
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Loperfido (2014)

Washington DC, USA ___ For-MD Dist-MD Cent-MD

Stream hydrologic data (March, 20111
September, 2012) are evaluated in four
catchments located in the Chesapeake Bay
watershed

Pair Design
Catchment areas are 1.1 to 7 km? with 3% to 05 W 5 ol
39% impervious — 1 - :
® Rain Gauge N Cent-VA
During rainfall events decentralised SCMs B oo \
result in lower maximum discharge and stream B oo Woter oy
response, higher baseflow than centralized Chesapeake
SCMs; yet land cover caused the most of total
runoff volume reduction and stream response

decrease

Results suggested a combination of greater
forest land cover and distributed SCMs as a
solution to manage urban waterways
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C.J.Walch(2015), M.Burns(2016)

Melbourne Australia

Mel Uni team worked with government
authorities and the catchment community
(residents and property owners) over
several years to fund and implement 289
stormwater retention systems

ICatchment area of control catchment is 4.5
km? with 13.5% imperviousness

BACRI design (Before After Control
Reference Impact)

Runoff coefficients for individual storm
events show small but significant reductions
over time
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