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Abstract: Asincreasing of Urbanization, the soil surface which
is permeable through which groundwater recharge by infiltration
can occur is reducing, thisis resulting in much less groundwater
recharge and greatly increased surface runoff. This Paper deals
with the increasing of groundwater table utilizing of road runoff
or stormwater through artificial recharge techniques. Infiltration
devicesthat redirect surface runoff to the subsurface environment
should be adopted, the infiltration system likeinfiltration trenches
can be used to increase the groundwater table and the use of
infiltration trenches has proven to be useful to reduce runoff in
urban surface. By making continuous infiltration trenches in an
area below the footpath and providing a filter media in it which
consists of different layers of gravel and sand. Due to which
filtered water goes inside the earth's surface and infiltration
increases and the maximum portion of surface runoff go inside
subsurface and stormwater management can be managed by
using this technique. The methodology, applications, design &
calculations are presented and discussed.

Keywords : Artificial Infiltration Techniques, Infiltration
Trenches, Runoff, Stormwater Management.

I. INTRODUCTION

It iswell known that Urban development strongly affects the
hydrological condition of the natural environment. As by
urbanization, removal of vegetation area occurs and the
paved area which is impermeable increases, leads to an
increase in the surface run-off peak, runoff volume and
reducesthe infiltration rate due to which groundwater tableis
lowering, also leads to stormwater management issues.
Various approaches are made for reducing the amount the
surface runoff and increasing groundwater recharge by the
collection of rainwater which is effective for the recharging
of groundwater through infiltration.

The infiltration of rainwater in urban areas decreased which
is due to the development of concrete roads, parking lots,
rooftops and compacted soil, which unable the rainwater to in
filter inside the earth. The excess runoff is the portion of the
rainfall that is not absorbed by interception, infiltration or
depression storage.
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As per the report titled “Composite Water Management
Index” published by NITI Aayog in June 2018 mentions that
India is undergoing the worst water crisis in its history and
nearly 600 million people are facing high to extreme water
stress. The report further mentions that India is placed at
120th amongst 122 countries in the water quality index, with
nearly 70% of water being contaminated.

As long as urbanization increases surface runoff and affects
stormwater quality produces significant changes in
hydrology that can result in an adverse impact on the streams
and other receiving water bodies. Due to an increase of
impervious surface percentage area which leads to reduce the
groundwater recharge and can lower the groundwater table.
Stormwater management includes different methods such as
detention ponds, retention ponds, onsite detention (OSD),
constructed wet lands, infiltration trenches, grass filter strips,
grassed swales, infiltration basins etc.

For disposa of stormwater infiltration trenches are
considered most efficient in case of availability of less land
area as in case of a dense urban area. They are shallow
excavations with or without filter mediato temporarily store
stormwater and then infiltrate it into the subsurface.
Infiltration trenches are elements of green infrastructure that
reduce runoff rates and volumes and can help replenish
groundwater and preserve base flow in rivers. Infiltration
trenches alow water to infiltrate into the surrounding soils
from the bottom and sides of the trench, enhancing the natural
ability of the soil to drain water. They treat runoff by
filtration through the substrate in the trench and subsequently
through soil. They are effective at removing pollutants and
sediment through physical filtration, adsorption onto the
meaterial in the trench, or biochemical reactions in the fill or
soil.

During the infiltration techniques clogging is the most
important phenomenon that should be considered because it
affects efficiency over time. The presence of sediments
during the runoff entering the infiltration structure leads to
clogging. Which accumulate and therefore reduces its
mitigating capacity and its effective volume. Hydrological
factors like catchment characteristics, structure geometry and
soil property affectsthe clogging. when the Infiltration trench
life cycle begins, infiltration takes place along through the
bottom and the sides. As time goes due to the sediments
accumulate both in the bottom and along the structure side
causes progressive waterproofing of the structure bottom and
sidewhich reducesthe effective infiltration areaand clogging
affects the whole areain which infiltration occurs.
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[I. OBJECTIVESTO STUDY

e The main objective of the present study is to discuss an
efficient and effective way to apply the concept of
infiltration trenches in a dense urban area with the least
land area available.

e To design the different parameters infiltration trenches
such as its dimensions, filter media, infiltration capacity
etc.

e To discuss the worst scenario the designed infiltration
trench can withstand.

I11. CITY’S/AREA’S KEY PARAMETERS

e Location: Indore, Madhya Pradesh, India

e  Geographic area (Ha)=389800

e Admigtrative Division Number of Tehsil/Blocks=4/4
e Number of Village =661

e Population(2011)=3272335

e Average Precipitation (last 10 years)=1107.5mm

o Magor Sail Type =Medium Black Soil

e  Principal Crops=Wheat, Soyabean

Table-l Rainfall data of Indore City (2010-2014)

2010 2011 | 2012 2013 2014
Jan 5 0 0 0 19
Feb 2.2 0 0 17.94 43.4
Mar 0.1 0 0 5.25 0
Apr 0 0 0 7.9 14
May 11 84 83.7 0 2
Jun 56.4 1056 | 344 336.4 8.6
Jul 192.8 | 497.2 490 755.7 325.7
Aug 376.1 772 269.1 | 367.7 165.8
Sep 228 202.7 | 1747 | 136.7 202.8
Oct 18 16.2 0 42.8 23.7
Nov 79.1 0 0 0 0.1
Dec 0 0 0 0 18.7
Total 958.8 1602 1051 | 16704 | 811.2

Source — Indian Meteorological Department

Table-1l Rainfall data of Indore City (2014-2019)

2015 2016 | 2017 2018 2019
Jan 58.7 0.1 0 0 0
Feb 0.5 0 0 0 0
Mar 56.2 4.9 0 0.1 0
Apr 17.6 0 0 34 0
May 0.2 7.1 1.7 0.6 0.1
Jun 250.9 | 105.6 | 1421 | 176.6 1164
Jul 598.6 | 3333 | 270.2 | 257.6 188.5
Aug 281.6 | 3273 | 2205 | 2275 | 359.2
Sep 62.1 122 1409 | 1427 | 4416
Oct 3 21.7 0.9 34 315
Nov 0 0 0 0 3
Dec 0 0 0.7 0 0
Total 13294 | 922 777 811.9 | 11403
Source — Indian Meteorological Department
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Fig.1 A Street in Indore with no Stor mwater
management.

V. METHODOLOGY

In the designing of ground water recharge in dense urban
areasfor artificial recharge of the ground water and capturing
rainfall run off from the roads and making connectivity to the
sub surface is the main key concept of the recharging ground
water.

This concept helpsfor covering large areas and many benefits
in terms of availability of more water, improvement in the
water quality, reducing the cost on maintenance and repair of
roads and improving the life of the road and also helps to
maintain eco-balance.

For artificial groundwater recharge the continuous trenches
with simple structures are made along both sides of the road
which would not only control stormwater hazardsin cities but
also increase the availability of water. With the help of the
normal rainfall and peak rainfall occurring, the structure is
made such that the maximum amount of runoff of theroad is
sent back to the ground which will increase the groundwater
recharge.

The structure will have natura infiltration media of coarse
sand gravel and pebbles covered with a slab which will help
the water to clean naturally. The filter media will consist of
following layers — 250 mm & downsize boulders, 40 mm &
downsize WBM, 20 mm & downsize WBM, 10 mm &
downsize metal, Sand Bed, Nylon Mesh, 50 mm thick Sand
Bed & 50 mm thick Pondicherry Pebbles.

Fig.2 Cross Section of 2 laneroad with Infiltration
Trench on both sides.
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.3 Top View of 2 laneroad with Infiltration Trench
both sides.

Fig.4 Side View of 2 laneroad with Infiltration Trench on
both sides.
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Fig.5 Different layersof Filter M edia with width.
(Source- IRC: SP:50-2013)

For successful implementation of artificial recharge schemes
in urban areas following are major components: assessment
of the source of water, proper planning of the recharge
structures, finalizing of design and techniques, monitoring,
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V. DESIGN OF INFILTRATION TRENCH

A. Quantity of Precipitation

Assuming the width of two-lane road with kerb be 7.5m &
footpath with min. width as per IRC:103-2012, 6.1.5.2 for
commercial areas be 2.5m each on both the sides.

The average annual precipitation in Indore is found to be
1107.5 mm

Therefore, Quantity of Runoff (Qg) produced annually for

a2 laneroad per kmroad length is
1107.5

= X . X
Q, = 1000m x 12.5m 1000m

Qo = 13843.75m?
Qo = 13.84375 ML

B. Quantity of Runoff

As per Circular No. RW/NH-33044/14/2003-S& R(R)(Pt.11)
dated 5 September 2013, Ministry of Road Transport &
Highways, Government of India

Take runoff efficiency as 80%.

Therefore, Runof f Volume = 0.8 X 13843.75 m?
=11075 m?

C. Infiltration Rate

As per U.S. EPA, 1999. Storm Water Technology Fact
Sheet Infiltration Trench, Office of Water Washington, D.C.,
Soilsshould have alow silt & clay content & haveinfiltration
rates greater than 1.3 cm/hr or 0.5 in/hr.

As per experiments & research papers, the constant
infiltration rate (f,) is found to be near 1.3 cr/hr.

D. Average Runoff Volume

The average no. of rainfall/wet days in Indore= 60.5 days.
Therefore, Avg. Runoff = 11075/60.5 = 183.0578 m3

E. Width of Infiltration Trench

Infiltration Trenches of Washington D.C. are designed to
drain within 72 hours.

Let us assume detention time to be 24 hours considering the
precipitation zone.

Therefore, Quantity of Water Infiltrated in 24 hours =
Quantity of runoff.

Let the width of Infiltration Trench be x m.

=~ 0.6 X X x X 1000 X 24 = 183.0578 m3

1000
x=0977m

Since, the Infiltration Trenches are provided on both the
sides, the width of each trench becomes 0.4885 m.
According to Storm Water Drainage Systems Manual 2019, it
recommends a minimum width of Infiltration Trench to be
0.6m.

Therefore, providing an infiltration trench with awidth of 0.6
m on both the sides of road.

F. Design of Trench Volume
Asper U.S. EPA, 1999. Sorm Water Technology Fact Sheet

economic and financial evaluation, operation and i - ) !
maintenance. Infiltration Trench, Office of Watgr Wash.| ngton, D.C,, the
trench volume can be calculated using the first flush capture,
which is defined asthefirst 1.3 cm (0.5 in) of runoff from the
contributing area.
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The State of Maryland & the Metropolitan Washington
Council aso recommends sizing the trench based on the first
flush.

(i) Quantity of runoff capturein first flushis

=1000m x 12.5m X —m
100

=162.5m?

(ii) Cross section area of the trench

= ronme _ 125 — 0.1625

" Length _ 1000

(iii) Depth of the Trench Volume

_ C/sArea _ 0.1625
T width 12

Providing a depth of 0.25 m and freeboard of 0.15 m.
Total depth=0.25+0.15=0.4m.

=0.135m

VI. RESULT & DISCUSSION

o Infiltration trenches are found to be most suitablein case
of dense urban area or alimited area.

e Instead of placing Infiltration trenches between road and
footpath, placing it beneath the footpath pavement will
reduce the width regquirement.

o Different layers of Filter media consisting of 250 mm &
downsize boulders, 40 mm & downsize WBM, 20 mm &
downsize WBM, 10 mm & downsize metal, Sand Bed,
Nylon Mesh, 50 mm thick Sand Bed & 50 mm thick
Pondicherry Pebbles can be used for pollutants removal
as suggested by Indian Road Congress.

e Infiltration trenches of 0.6 m width can be provided on
both sides of the road.

e  Thissystem will ableto infiltrate 11075 cubic meters of
stormwater into the ground per km length annually.

o Detention time of 24 hours will be required to infiltrate
stormwater

e Infiltration volume should be provided with 0.4 m depth
to store water till the detention time and it should be
connected to sewerage line in case of overflow so that
stormwater will not be present on road in case of heavy
rains.

VIlI. CONCLUSION

Due to urbanization activities the surfaces convert to
impermeable ones. This leads to the growth of stormwater
runoff and lessening both surface water quality and
infiltration to groundwater. On roads, these effects can often
be reduced by using the technique of infiltration trench. Some
simple modifications to the placement of a stormwater
management system can make it efficient in limited area
locations and reduce maintenance intervals significantly.

Roads runoff gets to mix with sewage water which wastes
all the run-off water and is of no use instantly, by adopting
this method we can prevent it. In this method we have taken
multiple layered systems to filter impure water and removal
of sedimentsin the upper layer.
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