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Abstract ;. Urbanization caused hydrological change and increased stormwater runoff volumes, which led to flooding, erosion
and the degradation of instream ecosystem health. Low impact development (LID) options had been proposed as an
alternative approach to mimic the natural flow regime by using decentralized designs to control stormwater runoff at the
source, rather than at a centralized location in the watershed. Hydrological regulation performances of these LID practices
can be influenced by rainfall characteristics, such as rainfall intensity and duration. To evaluate the impacts of different
rainfall reappearance periods, rainfall analysis was conducted to determine the rainfall characteristics and SCS II type was
selected for the analysis. A modeling approach based on SWMM was described to incorporate these LID practices into an
existing hydrological model to estimate the impacts of LID practices on the surface runoff. Results demonstrated that the LID
practices led to significant stormwater control for different rainfall reappearance periods. Hydrological regulation
performances of the LID practices were varied with rainfall reappearance periods. For LID practices with the same surface
area, the detention pond performed the best in reducing peak flow rate, which was followed by infiltration trench,
bioretention cell and porous pavement. Detention pond was capable to reduce the peak flow rate of 100-year storm to the
value of 10-year storm, indicating significant performances. Differences in peak flow reduction were due to structure
differences in the LID practices. For the infiltration regulation performances, infiltration trench had the highest recharge
ratio for all the rainfall reappearance periods, followed by bioretention cell and porous pavement. Porous pavement, though
made of 100% pervious material, infiltrated small runoff which was limited by the native soil infiltration rate when the
rainfall volume exceeded the storage capacity. Deep analysis was conducted to determine the reasons that the LID practices

«

performed differently when they had the same surface area. Results showed that the “effective storage”, which was the
water volume that a facility can contain, was the crucial factor. When rainfall intensity was larger than native soil infiltration
rate, the excessive water was stored in the facility, and then it was released or infiltrated to the groundwater, depending on
the facility structure. Consequently, the water exceeded the “effective storage” was flowed over the LID practices and made
contribution to the surface runoff directly. Calculation results showed that the “effective storage” for the detention pond was
1861.20 m’, which was the largest among the four LID practices, and it explained the reason that detention pond worked
the best in peak flow reduction. The “effective storage” for the infiltration trench, porous pavement and bioretention cell

were 744. 48 m®, 80.37 m’ and 565. 14 m’ , respectively.
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0 Introduction

The process of urbanization transforms natural
landscape into impervious land cover, affecting the
ecosystem health of receiving water bodies and
downstream communities by changing the timing and
volumes of the natural flow regime'' ). Urban flooding
problems caused by

is one of those typical
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urbanization'®’ .

In order to minimize the negative
effects caused by urbanization and to meet the new
stormwater rules, strategies, such as low impact
development (LID), put forward by Prince George’ s
1980s, that

increasingly adapted. The goal of LID is to plan and

County in employ infiltration are

construct a site so that the hydrology and water quality

mimic that of the initial undeveloped site'” ™',
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Currently, the main LID practices include bioretention
facilities, green roof and porous pavement, which have
been studied from different scales, say, lab,
residential site or parking lot. The hydrological
performances, design methods of these LID practices
have been the learned from both the modeling approach

the field observation data''®™"’.

and based on
However, hydrological performances researches of LID
practices mainly focus on a specific rainfall events, few
analyzed impacts of rainfall characteristics and rainfall
magnitude on the hydrological performances of LID

16210 The goal of this research was to

practices
discuss the hydrological performances of LID practices
under different rainfall events and tried to analyze how
they varied by the rainfall magnitude. The results may
help to know the hydrological performances of LID
practices and enlighten the urban drainage system
design.

Taking a parking lot in Lenexa City, Kansas as the
study area andusing different modules of EPA SWMM ,
this paper presented hydrological simulation approaches
of typical LID practices and evaluated their
hydrological performances using the SWMM models
developed. A

attempting to represent the entire spectrum of rainfall

series  of hydrological indicators
events were used to evaluate impacts of LID practices
of detention pond, infiltration trench, bioretention cell

and porous pavement.
1 Case study area

The study area is located within Little Mill Creek
watershed in Lenexa, Kansas, USA. The Kansas City
region is generally characterized by Soil Conservation
Service (SCS) Type II storm distribution. The study
area here is located to the north of W87th street of
Lenexa City and is composed of a parking lot and
in Fig.1. The
0.017 km*, moderately sloped at a three percent grade
with a high of 86% . Soils are

characterized as hydrologic soil groups of C with low

buildings, shown study area is

imperviousness

infiltration rate. By analyzing the soil condition and
appropriate building condition of LID practices, the
open green space in the lower part of the study area
was selected as the proposed LID area, which will
receive the runoff from all over the study area. The

proposed LID area is 846 m”. Typical LID practices of

detention pond, infiltration trench, bioretention cell
and porous pavement were chosen and drained out to

the drainage system.

Fig.1 Location of study area

Hydrologic modelof study area has been developed
and implemented using U. S. Environmental Protection
Agency ( US EPA) Stormwater Management Model
(SWMM) for hydrologic simulation. Use of this site as
the case study area can save the effort to build and

calibrate the initial SWMM models.
2 Methodology

2.1 Introduction to SWMM

The EPA Storm Water Management Model (SWMM)
is a dynamic rainfall — runoff simulation model used for
single event or long — term ( continuous) simulation of
runoff quantity and quality from primarily urban areas.
The runoff component of SWMM operates on a
collection of subcatchment areas that receive
precipitation and generate runoff and pollutant loads.
SWMM was first developed in 1971 and has undergone
several major upgrades since then. Infiltration of
rainfall from the pervious area of a subcatchment into
the unsaturated upper soil zone can be described using
three different models: Horton infiltration, Green —
Ampt infiltration and Curve number infiltration. Based
on the flow continuity and Manning’ s equation, each
subcatchment surface is treated as a nonlinear reservoir
to calculate the surface runoff. Three methods of steady
flow routing, kinematic wave routing and dynamic wave
routing can be used to solve the equations of flow
routingm] .

Since its inception, SWMM has been used in
thousands of sewer and stormwater studies throughout
the world, especially in design and sizing of drainage
system components for flood control anddesigning
control strategies for the stromwater management

practices.
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2.2 Rainfall events and evaporation

(B3-24] of rainfall events with

To study the impact
different return periods, a series of designed rainfall
events with the return periods of 2 years, 5 years,
10 years, 20 years and 100 years were selected.
Hourly rainfall data extending from August, 1948 to
February, 2010 for the Kansas City downtown ( KCD)
Airport ( gage number 234359) is available on National
Climatic Data Center (NCDC), USA. By analyzing
the frequency, duration and intensity of the rainfall
events, a SCSII distribution was selected. The rainfall
were 9.1 em, 12.5 em, 13.7 ecm, 15.6 ¢cm, 17.4 cm
and 19.7 cm respectively. Since the single rainfall
events was studied, an average evaporation rate of
5.1 mm/d was used, recorded by U. S. National
Oceanic and Administration Association (NOAA).

2.3 Parameters of SWMM subcatchment

Based on the calibrated SWMM model, main

parameters of the subcatchment without LID were listed

in Tab.1. When

subcatchment area needed to deduct the LID practice

LID  practice applied, the

area and the area was 0. 016 km®.

Tab.1 Main input parameters of SWMM

Parameters Value
Area/km’ 0.016
Imperviousness/ % 86
Subcatchment width/m 120
Slope/ % 1
Depression depth on impervious area/cm 0.15
Depression depth on pervious area/cm 1.27
Maximum infiltration rate/(cm+h~") 11.43
Horton
o Minimum infiltration rate/( cm-h~") 0.76
infiltration
Decay constant 4.14

2.4 Modeled scenarios

Hydrological performances analysis of LID practices
needs an comparison between the runoff control values
with and without LID practices controlled. Five
scenarios of “ undeveloped 7, “ detention pond ",

“ infiltration trench 7, * porous pavement” and
“bioretention cell” were modeled. SWMM models were
developed for each scenario and a duration of 24 hours
with time step of minute for all the rainfall events with
different return periods were simulated. The peak flow,
flow duration curve were summarized based on the

modeled

simulation results. The scenarios are

discussed as follows:

(1) Developed uncontrolled. The study area was
modeled as a high-density commercial development
with eighty-seven percent direct connection impervious
area ( DCIA). No stormwater management practices
were applied to the study area in this scenario.

(2) Detention pond. In the detention Pond
scenario, rtunoff from the high-densitycommercial
development described above was routed through a
detention pond in the BMPS/LID area. Detention pond
is a typical storage structure to store water temporarily
and then release it according to the design criteria. In
this study, detention pond is simulated to release a
100-year storm within 48 h. The largest surface area of
the detention pond is 846 m” with the maximum depth
of 2.20 m. The simulation of detention pond scenario
in SWMM was illustrated in Fig. 2a.

(3) Infiltration trench. Runoff from the high-density
commercial development described above was routed
through an infiltration trench in the BMPS/LID area.
Infiltration trenches are excavations backfilled with
stone aggregate used to capture runoff and infiltrate it
to the ground. It can be simulated as a rectangular,
fully pervious subcatchment whose depression storage
depth equals the equivalent depth of the pore space
available within the trench. In this study, the
infiltration trench was simulated as a 100% pervious
rectangular area of 846 m”>. For comparison purpose,
the infiltration trench depth is set as same as the depth
of detention pond of 2.2 m which generated a valid
depression depth of 0. 88 m with the porosity is 0. 40.
Schematic representation of an infiltration trench in
SWMM is shown in Fig. 2b.

(4) Porous pavement. According to the suitable
area, the parking lot can be replaces by porous
pavement, which is different from the other three
scenarios. To analyze the hydrologcial differences of
LID practices while they have the same surface area,
the porous pavement was simulated in the LID area,
with a depth of 15.8 em. The runoff flows into the
porous pavement eventually. The porosity of the porous
pavement is 0. 6, which makes the actual depression
depth of 9.5 cm. Porous pavement was simulated by
100% pervious subcatchment, illustrated in Fig. 2c.

(5) Bioretention cell. In the Bioretention cell
scenario, runoff from the high-density commercial

development area described above was routed through a
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LID area. Due to the

complicated process of water movement in bioretention,

bioretention cell in the

simulation of bioretention in SWMM is limited. As a
consequent, we used an external model of RECARGA
to simulate the water movement of the bioretention and

then the results are incorporated into SWMM using an

outlet structure with obtained time-flow series. Tab. 2
listed the design elements of bioretention.
Rain gage Rain gage -
i

Outlet
(a) Detention pond

(b) Infiltration trench

Tab.2 Design parameters of bioretention cell

Parameters Value
Bioretention surface area/m’ 846
Ponding depth/cm 15
Saturated infiltration rate of planting soil/(e¢m+h 1) 6.12
Depth of planting soil/cm 122
Saturated infiltration rate of planting soil/( cm+-h~!) 15.0
Depth of gravel layer/cm 30
Saturated infiltration rate of native soil/( cm+h~") 21.01

Raiﬁage

Infiltration trench Porous pavement

° ®
Outlet Outlet
(¢} Porous pavement

Fig.2 Modeling of each regulation practices in SWMM

3 Hydrological performances analysis

Single rainfall events with the return periods of 2, 5,
10,20,50 and 100 years were used to test their impact
on LID practices. The hydrological performances

indicator included hydrograph shapes, peak flow
reduction and recharge ratio. Peak flow reduction was
the ratio of peak flow reduced by the LID practice to
the peak runoff under the “ developed uncontrolled
scenario” , and recharge ratio referred to the ratio of
the infiltrated runoff to the total surface runoff under
each scenario.
3.1 Detention pond

Tab. 3 listed the peak flow reduction results for the
detention pond under different rainfall events. It
showed that for the two-year rainfall event, the peak
flow reduction was 68. 11% , reduced by 0. 174 m’/s.
When it came to the 100-year rainfall event, the peak
flow reduction was 39. 41% , reduced by 0. 235 m’/s.
The tendency showed that with increase of return
periods, peak flow reduction decreased, which can be
explained because the larger return period always
brings the larger peak flow at the same time. However,
it was noted that reduced peak flow increased at the
same time, indicting a  better  hydrological
performances. Taking 100-year rainfall event as the

example, the peak flow was close to the value of

10-year rainfall event, which implied that detention
pond reduced the peak flow under 100-year rainfall
event to the level of 10-year return period, even when
the detention pond area was only 5% of the impervious
area. However, the detention pond can not infilirate
runoff, consequently, detention pond can not decrease

the surface runoff.

Tab.3 Peak flow reduction of detention pond at

different reapperance periods

Developed Detention

Return Peak
.y uncontrolled pond controlled 0
perocs peak flow/ peak flow/ o
year reduction/ %
(m'es7!) (m'es7)
2 0.255 0.081 68.11
5 0.387 0.182 52.97
10 0.433 0.214 50.52
20 0.524 0.288 45.04
50 0.609 0.351 42.36
100 0.725 0.439 39.41

Fig. 3 displayed the hydrographs under the scenarios
of “ developed uncontrolled” and * detention pond
controlled”. It can be seen from Fig.3 that the
detention pond controlled hydrograph was smooth with
obvious peak flow delay for the 2-year rainfall event.
With the increase of return periods, the hydrographs

were similar to the 2-year rainfall events, but the

increase and decrease slopes were gradually steeper.
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For all the rainfall events, a small flow after detention

under the “developed uncontrolled” scenario reached

pond controlled remained a long time when the flow zero.
0.3 0.4 4 0.5
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Fig.3  Uncontrolled and detention pond controlled hydrographs at different reappearance periods

3.2 Infiltration trench

Tab. 4 listed the peak flow reduction results for the
infiltration trench under different rainfall events. It
showed that for the 2-year rainfall event, the peak flow
reduction was 73.67% , reduced by 0.188 m'/s,
higher than the detention pond. However, with the
increase of return periods, and for the 5-year rainfall
event, the peak flow reduction was smaller than the
detention pond controlled value. The reason was that
infiltration trench decreased the peak flow by storing
runoff temporarily and infiltrated it to the native soil.
Consequently, when the rainfall intensity was small
enough and close to the native soil infiltration rate, the
peak flow reduction was high. When the rainfall
intensity exceeded the native soil infiltration rate and
the infiltration trench could not store any more water,
the peak flow flow reduction decreased and
consequently the infilirated water decreased. The
recharge ratio decreased with the increase of return
periods and the infiltrated water did not show an
obvious change for all the rainfall events. The possible
reason was that the runoff generated by a 2-year rainfall
event had exceeded the storage capacity the infiltration
trench can store. When the native soil infiltration rate
was low, infiltration trench had a smaller peak flow
reduction compared with detention pond for the large
rainfall events. However, most of the rainfall events

belong to the small ones and infiltration trench is still a

very good stormwater practice for the area with

groundwater recharge demand.

Tab.4 Hydrological regulation performances of

infiltration trench at different reappearance periods

Developed Infiltration trench
Return Peak flow  Recharge
uncontrolled controlled
periods/ reduction/ ratio/
peak flow/ peak flow/
year % %
(mS_S—I) (mS-s_])
2 0.255 0.067 73.67 63.42
5 0.387 0.214 44.70 43.92
10 0.433 0.267 38.30 41.66
20 0.524 0.383 26.91 33.96
50 0. 609 0.500 17.90 29.71
100 0.725 0.632 12.84 27.31

Fig. 4 displayed the “uncontrolled developed” and
“infiltration trench controlled ” hydrographs under
different rainfall events. Infiltration trench worked
differently from detention pond, and thus generated a
different hydrograph. As seen from Fig. 4, controlled
by infiltration trench, the flow was O until it reached a
increased sharply and

moment when the flow

afterwards, the hydrograph was similar to the
“developed uncontrolled” scenario. The reason this
phenomenon appeared was that infiltration trench was
simulated by a 100% pervious subcatchment. Before
the depression depth of the pervious area was filled, all
the generated runoff was used to fill the pore area in
the infiltration trench without generating surface runoff.

As soon as the depression area was filled, the
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infiltration rate was the saturated native soil infiltration
rate and the runoff generation mechanism was the same
scenario. This

to the “ developed uncontrolled ”

explained why the “ infiltration trench controlled”

hydrograph  was similar to the “ developed

uncontrolled” for the late period of a rainfall event.

03 04 0.5,
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Fig.4 Uncontrolled and infiltration trench controlled hydrographs at different reappearance periods

3.3 Porous pavement

Porous pavement is a design strategy converting
impervious into pervious area and increases the
depression depth on pervious area. The parking lot in
the study area is the best place to be simulated as
porous pavement, and the imperviousness will be
reduced to 38.5% from 86% , which confirmed that
porous pavement was a typical LID practice by
reducing the area imperviousness. Additionally, the
depression depth increased on the pervious area and
the stored water will infiltrated into groundwater instead
of becoming surface runoff. By increasing depression
depth, porous pavement can control the surface runoff
more efficiently. To compare the hydrological
performances of porous pavement with other LID
practices, the simulated porous pavement was located
in the LID area, and the porous pavement surface area
was only 5% impervious area and the depression depth
was only 9.5 c¢m, much smaller than the depression
depth of infiltration trench.

As a result, when simulated with the same surface
area, the hydrological performance of porous pavement
controlled was not significant for all the rainfall events.
It can be seen from Tab.5 that, the peak flow
reduction was 9. 73% , reduced by 0. 025 m’/s. With
the increase of return periods, the reduced peak flow
increased to 0. 079 m’/s, which was small compared to

the value under “developed uncontrolled” scenario.

Overall, peak flow reduction was 10% and varied by

return periods, without a certain increasing or
decreasing tendency. As far as the infiltrated runoff
was concerned, the infiltrated runoff were 13.36 cm
and 15. 29 cm respectively for the 2-year and 100-year
rainfall event and little difference was observed. The
reason was that the surface area and depth of porous

pavement was small and had a limited control capacity.

Tab.5 Hydrological regulation performances of porous

pavement at different reappearance periods

Developed Porous Pavement
Return Peak flow  Recharge
uncontrolled controlled
periods/ reduction/ ratio/
peak flow/ peak flow/
year % %
(i) (s
2 0.255 0.230 9.73 21.59
0.387 0.353 8.66 15.98
10 0.433 0.388 10.41 14.91
20 0.524 0.467 10.96 12.93
50 0.609 0.543 10.92 11.61
100 0.725 0.646 10.90 10.24

Fig.5 displayed the hydrographs of scenarios of and
“ developed uncontrolled” and * porous pavement

Fig. 5

performances of porous pavement like Tab. 5. But it is

controlled 7. reflected  the  hydrological

noted that, the pervious concrete material is
expensive, which costs more than detention pond,
infiltration trench and biortention cell. Additionally,

the retrofit area is generally the whole parking lot and
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the high cost has limited the development of porous

develop the porous concrete material with reasonable

pavement. It has been an important research topic to price.
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Fig.5 Uncontrolled and porous pavement controlled hydrographs at different reappearance periods

3.4 Bioretention cell
cell

controlled the runoff by infiltration. However, different

Same as infiltration trench, bioretention
from infiltration trench, the structure of bioretention
cell was more complicated and root soil storage and
included.
RECARGA, a model designed to simulate the water

movement of bioretention facilities was used to simulate

plant  evapotranspiration  were  also

the hydrological performances of bioretention cell.
Peak flow reduction and recharge ratio for all the
rainfall events were summarized in Tab. 6. The results
showed that the peak flow reduction was 58.04% ,
reduced by 0. 148 m’/s for the 2-year rainfall event.
For the 100-year rainfall event, peak flow reduction
barely changed but the reduced peak flow was 0.389
m’/s. Meanwhile, recharge ratio decreased with the
increase of return periods. For the 2-year and 10-year
rainfall event, the infiltrated runoff was 10. 86 ¢m and
10. 63 cm respectively and no obvious change was
observed.

Peak flow reduction increased with the increase of
return period, however, no obvious change in recharge
ratio was noticed. The reason was that an underdrain
was set to guarantee the water stored in the bioretention
cell drain out within 48 hours for the 10-year rainfall
event. A large ratio of water will drain out through the
underdrain facility and can not infiltrate to the
groundwater , which will reduce the peak flow reduction

but not promote the infiltration.

Tab.6 Hydrological regulation performances of

bioretention at different reappearance periods

Developed Bioretention
Return Peak flow  Recharge
uncontrolled cell controlled
periods/ reduction/ ratio/
peak flow/ peak flow/
year % %
(m's™) (s
2 0.255 0.107 58.04 17.54
0.387 0.169 56.33 14.36
10 0.433 0.193 55.43 11.78
20 0.524 0.237 54.77 10.01
50 0. 609 0.279 54.19 8.79
100 0.725 0.336 53.66 7.12

Fig. 6 displayed the hydrographs for the scenarios of

“ developed unctrolled ” and “ bioretention cell
controlled”. Tt can be seen from Fig. 6 that the
hydrographs displayed here were similar to the

hydrographs under the scenario of “ detention pond
controlled”. The difference was that the hydrograph
controlled by bioretention cell was smoother due to the
fact that the outflow consisted underdrain flow and
surface overflow. The underdrain flow works the same
way as the orifice of detention pond, which determined
that part of the hydrograph was similar to the detention
pond. Surface overflow appeared when the runoff
flowing into the bioretention cell exceeded the ponding
depth. The hydrograph caused by surface flow was
smooth and accounted for most part of the outflow,
which made the hydrograph smooth. Compared with
cell has

environment aesthetic function and significant pollutant

other LID practices, bioretention also
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Fig. 6 Uncontrolled and bioretention cell controlled hydrographs at different appearance periods

removal function. It is also cheap compared with the
porous pavement. For the 2-year rainfall event, the
recharge ratio was only 17. 54% , but it was still widely

used because most of the rainfall events are small ones.
4 Diccussion

Further analysis about the impact of design elements
on the hydrological performances of LID practices
showed that, the efficient storage, which is the
maximum water the practice could store is the dominant
factor influencing the hydrological performances. When
the rainfall intensity exceeds the native soil infiltration
rate, the excessive rainfall will store in the facility and
then flows out or infiltrates into groundwater no matter
what specific design of LID practices are. As soon as
the efficient storage is filled, the rainfall will become
surface runoff. Results from this study showed that the

efficient storage for the infiltration trench, porous

pavement and bioretention cell were 744.48 m’,

80.37 m® and 565.14 w’

consequently, infiltration trench,

respectively,  and
with the largest
efficient storage had the highest peak flow reduction
and recharge ratio, followed by bioretention cell and
porous pavement. The findings here is important in
guiding the construction of LID practices.

Hydrological performances of LID practices also
relied on the area land cover, imperviousness, native
soil infiltration and duration, intensity of rainfall
events. In this study, only one rainfall type of SCS II
with different magnitudes were discussed, how LID

practices perform under other factors needs further

research.

5 Conclusion

(1) Designed with the same surface area, detention
pond performed best in peak flow reduction and
reduced peak flow decreased with increase of return
periods, followed by infiltration trench, bioretention
cell and porous pavement.

(2) Designed with the

infiltration trench performed best in infiltration and the

same surface area 5

recharge ratio decreased with the increase of return
periods while the infiltrated runoff remained the same,
followed by bioretention cell and porous pavement.
(3) The efficient storage, which is the maximum
water the practice could store is the dominant factor

influencing the hydrological performances.
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Hydrological Regulation Performances of LID Practices Based on
Different Rainfall Reappearance Periods

Sun Yanwei' Pomeroy C A® Lii Subing' Xu Cundong'
(1. School of Water Conservancy, North-China University of Water Resources and Electric Power, Zhengzhou 450011, China
2. Department of Civil and Environmental Engineering, University of Utah, Salt Lake City 84112, USA)

Abstract: Urbanization caused hydrological change and increased stormwater runoff volumes, which led
to flooding, erosion and the degradation of instream ecosystem health. Low impact development ( LID)
options had been proposed as an alternative approach to mimic the natural flow regime by using
decentralized designs to control stormwater runoff at the source, rather than at a centralized location in the
watershed. Hydrological regulation performances of these LID practices can be influenced by rainfall
characteristics, such as rainfall intensity and duration. To evaluate the impacts of different rainfall
reappearance periods, rainfall analysis was conducted to determine the rainfall characteristics and SCS II
type was selected for the analysis. A modeling approach based on SWMM was described to incorporate
these LID practices into an existing hydrological model to estimate the impacts of LID practices on the
surface runoff. Results demonstrated that the LID practices led to significant stormwater control for
different rainfall reappearance periods. Hydrological regulation performances of the LID practices were
varied with rainfall reappearance periods. For LID practices with the same surface area, the detention
pond performed the best in reducing peak flow rate, which was followed by infiltration trench,
bioretention cell and porous pavement. Detention pond was capable to reduce the peak flow rate of 100-
year storm to the value of 10-year storm, indicating significant performances. Differences in peak flow
reduction were due to structure differences in the LID practices. For the infiltration regulation

performances, infiltration trench had the highest recharge ratio for all the rainfall reappearance periods,
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followed by bioretention cell and porous pavement. Porous pavement, though made of 100% pervious

material , infiltrated small runoff which was limited by the native soil infiltration rate when the rainfall

volume exceeded the storage capacity. Deep analysis was conducted to determine the reasons that the LID

practices performed differently when they had the same surface area. Results showed that the “effective

storage” , which was the water volume that a facility can contain, was the crucial factor. When rainfall

intensity was larger than native soil infiltration rate, the excessive water was stored in the facility, and

then it was released or infiltrated to the groundwater, depending on the facility structure. Consequently,

the water exceeded the “effective storage” was flowed over the LID practices and made contribution to the

surface runoff directly. Calculation results showed that the “effective storage” for the detention pond was

1861.20 m*, which was the largest among the four LID practices, and it explained the reason that

detention pond worked the best in peak flow reduction. The “effective storage” for the infiltration trench,

porous pavement and bioretention cell were 744. 48 m’, 80.37 m’ and 565. 14 m’ | respectively.

Key words: low impact development; runoff; SWMM ; return period
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Tab.2 Design parameters of bioretention cell
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Tab.3 Peak flow reduction of detention pond at

different reappearance periods

TH OGP TR WA R g e
Wra B/ (s FE/(mPesTh) W%
2 0. 255 0.081 68.11
5 0. 387 0.182 52.97
10 0.433 0.214 50.52
20 0.524 0.288 45.04
50 0. 609 0.351 42.36

100 0.725 0. 439 39.41
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Fig.3 Uncontrolled and detention pond controlled hydrographs at different reappearance periods
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Tab.4 Hydrological regulation performances of

infiltration trench at different reappearance periods

THET  ABWRE

ii WEUE R/ I D 3 {iﬂffj /t‘t?;fj
(mes7h)  (m’es7h)
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