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Executive Summary

In response to the unprecedented floods of December 2015, a comprehensive scientific analysis
of the drainage system in and around the Chennai airport and the flood carrying capacity of
Adyar River have been carried out. These studies were carried out with an objective to 1)
understand the reasons of the airport flooding during December 2015 2) propose
improvements that would minimize the magnitude of flooding and if feasible eliminate it, if
similar rainfall event were to recur in the future and 3) Suggest improvements to the airport
storm drainage system for disposing of nuisance floods and floods caused by storms of 1 in 10
year return period.

In order to carry out this scientific study, a detailed survey of the topography including the
storm drainage system was carried out. The details of the topography was mapped using high
resolution photography acquired with an Unmanned Aerial System (UAS), which was
subsequently used for developing a high resolution Digital Surface Model (DSM) and Digital
Terrain Model (DTM). A detailed field cross section survey of the Adyar River and storm water
drains within the airport and the surrounding region was also carried out with total station and
DGPS systems. All these datasets were integrated together and used for modelling.

Three different types of numerical models were used: 1) Hydrologic model using HEC-HMS to
simulate the amount of runoff generated in the Adyar watershed for a given design storm 2)
Hydraulic model using HEC-RAS to simulate the quantity of flow in the river, specifically near
runway bridge section and map the level of flood inundation and 3) Storm Water Management
Model SWMM to quantify the capacity of the existing drains without surcharging and to
redesign and resize them if found necessary.

The hydrologic model indicated that during the December 2015 floods, the peak flood
magnitude is estimated to be approximately 5000 m3/s (1,75,000 ft3/s). This is as much as 3.5
to 4.5 times the maximum flood carrying capacity of the Adyar River. At its peak, the release
from Chembarambakkam reservoir was only about 1000 m>/s, whereas the flood generation
from rest of the uncontrolled portion of the watershed such as Manimangalam,
Thirumudivakkam, Tandalam and Tambaram contributed as much as 4000 m3/s, pushing the
peak to as much as 5000 m?>/s. This heavy discharge in response to an unprecedented amount
of rainfall on Nov.30 and December 1, 2015 was due to high amount of antecedent moisture
conditions caused by the saturation of the soil from previous rainfall events in November. Due
to limitations of the terrain and the discharge capacity of Adyar River, it is impossible to
completely prevent such floods from recurring. However, we can be better prepared in
anticipation of such floods in future to reduce and minimize damages caused to the airport
property and downtime of the airport.
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Based on the detailed numerical modelling study carried out, This study recommends: 1)
Dredging, widening and clearing of the river section for 3km D/S of the runway bridge site till
the check dam before Miot hospital 2) Checking the design of the airport compound wall for
withstanding the static and dynamic pressure of the water encountered during the floods of
2015 to prevent from collapsing in future from similar floods 3) Resizing and rerouting of
internal storm water drains to prevent or minimize surcharging from 1 in 10 year design storms
4) Resizing and rerouting of external storm water drains from the Pallavaram and Pammal area
through Cowl Bazaar into Adyar River to minimize flooding inside the airport premises and at
the same time improve storm drainage infrastructure outside the airport region 5) Equip storm
drains with sluice gates to prevent flooding from backflow of water from the Adyar river; along
with the sluice gates, install pump houses and sumps at two critical places to quickly drain the
airport region during times of extreme floods 6) Critical infrastructure such as ILS and Radar
stations needed to be lifted up to a minimum height of 15m above Mean Sea Level or be
equipped with deployable temporary flood barriers to prevent any damages from the water.
Based on these recommendations, DPRs may be prepared for relevant components where
more detailed design is necessary for successful execution of the project.
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1 Problem Statement:

Chennai airport was severely affected due to the floods of December 1 &2, 2015. Flood waters
from Adyar River in the north overbanked and breached the compound wall at several places
due to high intense rainfall in the watershed (highest recorded single day rainfall for this region
in a century). The problem is further compounded by the fact that the neighboring region,
specifically Cantonment, Mallika Nagar and Andal Nagar on the west, GST road (NH 45) and
metroline on the south east all drain through the Airport toward the Adyar River due to the
natural terrain of this region. Airport suffered severe damages; critical infrastructure such as
radars and communication systems got submerged in the flood waters; several aircrafts were
literally toyed around by the furry of flood waters and damaged; the coast guard station in the
eastern side of the airport got inundated up to the lintel level. The airport remained closed and
started operation only on December 7, 2017.

AAI of Chennai approached IIT Madras to do a comprehensive scientific analysis of the drainage
system in an around the Chennai airport and the flood carrying capacity of Adyar River to
propose improvements that would minimize the magnitude of flooding and if feasible eliminate
it, if similar rainfall event were to recur in the future.

2 Scope of the study:

e Topographic survey of Airport premises inside operation area/city side and outside the
Airport premises wherever the stormwater drains are entering to Airport operational
areas such as Meenambakkam village, Trisulam area, Cantonment of Pallavaram, near
GST road etc.

e Developing a layout of existing drainage system and cross section of the drain with
invert level for inside operational area and the city side of Chennai Airport (AutoCAD
drawing)

e Hydraulic analysis and checking of existing drains sizing; if the existing drain could not
cater to the increased discharge, due to proposed airport expansion plans, proposal for
re-sizing of existing drains or provision of new drains; for a rainfall intensity
corresponding to standard recurrence interval specified for airport drainage system
designs

e Study the feasibility to divert external storm drains entering Airport operations areas to
discharge directly to Adyar river without entering into operation area wherever possible

e |dentify and explain the reasons for historic flooding in December 2015 of the Chennai
Airport and possible causes for inundation of operational area through a thorough
hydrologic and hydraulic modelling study
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Study the drainage and the level of inundation close to locations of critical infrastructure
and suggest appropriate measures to protect the same from flooding of different
recurrence intervals

Assessing the effect of having solid compound wall versus other type of porous barriers
that would convey the flood water on the level of flood inundation within the Airport
operational area and the surroundings based on hydraulic modelling studies

Study the existing operational area security compound wall and to suggest suitable
section to prevent damage during heavy rainfall/flooding

Hydraulic analysis of river training scenarios of Adyar river (near the airport) that will
minimize or eliminate flooding / inundation

Study the feasibility of an additional flood carrier channel that would bypass the
secondary runway along the periphery and would discharge back into the Adyar River at
a safe distance downstream

Recommendations

Annexures - Drawings

3 Topographic Survey

3.1

Introduction

The topographic survey of the study area includes the following tasks:

a.

UAS survey to develop high resolution Digital Surface Model (DSM) and Digital Terrain
Model (DTM)

River cross section survey of Adyar river in the stretch from Chennai Bypass road in the
west (U/S of the Adyar runway bridge) to Mount Poonamalle High road bridge to the
North (D/S of Adyar runway bridge)

DGPS survey to establish high accuracy Ground Control Points (GCP) to serve as bench
marks for ground surveys and to correct the data from UAS survey

Ground survey on the city side (Meenambakkam village, Trisulam area, Cantonment of
Pallavaram, near GST road etc.,) to collect alignment, levels and hydraulic particulars of
storm water drains entering the airport premises

Ground survey within the airport premises to collect alignment, levels and hydraulic
particulars of storm water drains. Further, during this survey HFL markings and
compound wall breaches due to flood would also be collected

A detailed report of the methodology and techniques adopted for topographic survey activities

carried out is attached as annexures to this final report. Only the salient points from the

topographic report are listed here for clarity
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3.2 UAS survey

UAS survey was conducted for 9 days between 19/10/2016 and 29/10/2016 successfully
with a total flight duration not exceeding 60 minutes on each day (1st flight: 40min and
2" flight: 20min)

The entire project area was divided into four zones. A total of 64 flight lines covering
350 km were needed to cover the project area. The flight lines were designed with
70/60 % overlap to have dense cloud points and dense DSM. However, the region 4
(OTA area) was not covered as the permission is still pending from the concerned
authority.

The survey grade UAS (eBee) deployed in this project is small (630 grams, fixed wing)
and completely autonomous with flight plans that were pre planned, programmed, fully
automated and controlled using eMotion software. The optimized flight plan takes into
account proposed flight height, output resolution, obstacles, topography, wind
conditions and site layout.

Using the high resolution photographs acquired from UAS, 3D DSM’s and orthomosaics
have been generated. The DSM is still not corrected using GCPs from DGPS survey.
Even without this correction, the DSM has an XY (Easting — Northing) accuracy of 3cm
and Z (vertical) accuracy of 6cm. Correction using GCP from DGPS survey is expected to
improve this accuracy even further.

From the UAS survey we have high resolution digital orthomosaic of the project area
with a ground resolution of 10cm. DSM and DTM at the same resolution to identify and
map drainage pathways and obstruction to flow in the flood plains have also been
derived (Figures 3.1 to 3.4).

From the UAS survey, high resolution landuse map was also generated which can be
used for mapping the facility of the airport accurately (Figure 3.5)

3.3 River Cross Section and longitudinal survey of Adyar river

Total-station along with auto level was used to carry out the river cross section and
longitudinal survey of the Adyar river in the stretch from Chennai Bypass road in the
west (U/S of the Adyar runway bridge) to Mount Poonamalle High road bridge to the
North (D/S of Adyar runway bridge) (Figure 3.6).

From the survey, the bed elevation along the length of the river at few locations is
shown in Figure 3.7. Between the secondary runway bridge and Cowl bazaar, it can be
observed that there is a region of local depression in the river where there is always a
pool of stagnant water
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UAV ORTHOIMAGE OF CHENNAI AIRPORT & SURROUNDINGS

< Project Name: Comprehensive Sclentific Study
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Figure 3.2 Orthophotograph of the airport region
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Figure 3.5 Landuse map of the airport derived from the orthophotograph

Table 3.1 Summary of River cross section survey

River Cross Section Survey Statistics Secondary Runway bridge close interval survey
Total Length of River: 12.995km Total length surveyed 600 m on both sides of
Total Cross sections: 129 Secondary runway bridge
Cross Section interval: 100m Cross Section interval : 30m
Spot level taken for 12.995 km Total Cross Section taken: 40
approximately: 8000 Total spot level identified : 2000 locations

Secondary Runway Bridge Details

Total Spot Level taken inside the runway
bridge is 692

Total pillars identified :432
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Total Length of River : 12.995 km
Total Cross Section taken 129
Cross Section interval : 100m

Figure 3.6 Cross-section and spot levels taken across Adyar river for a 12.9km stretch between Chennai Bypass road bridge

and Mount Poonamalle High road bridge
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Figure 3.7 Bed elevation of the Adyar river at few locations along the length of the river
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Figure 3.8. High accuracy Ground Control Points (GCPs) within the airport premises

3.4 DGPS survey to establish high accuracy Ground Control Points (GCP)

DGPS Survey has been conducted in WGS 84 spheroid, Indian Datum, and co-ordinates are in terms of
Universal Transverse Mercator (UTM) Projection. Trimble DGPS SPS 855 was used for measurements.
Forty two high resolution GCPs have been collected inside and in the vicinity of the airport (Figure 3.8),
of which only seven GCPs were be used for correcting the DSM and DTM from UAS. The mean absolute
error in elevation of the DSM surface generated from the UAS survey for the region is about 87cm and
for DTM surface is about 75cm, which is the in the reasonable range for elevation derived from
photogrammetric techniques. This digital elevation model is subsequently used for hydraulic modelling
and flood inundation mapping.

3.5 Ground survey on the city side to collect storm water drain particulars

Storm water from outside the airport premises from four locations, Meenambakkam village,
Trisulam area, Cantonment of Pallavaram, and GST road, drains through the airport often
bringing large amount of runoff and dry weather (sullage) flow, causes flood like situation
during monsoon season and bird menace due to sullage all through the year. These external
storm water drains draining into the airport have been surveyed using total station to collect
cross section and invert levels along their length (Figure 3.9). This data is currently being used
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to check the size of the existing storm water drains to dispose off the flood water from a design
storm (10yr recurrence interval). Further, this data is being used to assess the scope for
realignment and rerouting of external drains, thus study possible options for reducing the
storm water load entering the airport premises from outside catchment.

DRAINAGE SYSTEM IN CHENNAI AIRPORT I

Project Name: Comprehensive Scientific Study -
to suggest improvement to the u ~
drainage Systems inside and outside the g Y
Alrport Promises

By IT Madras

Date of UAS Survey Perlod
18-10-2016 to 27-10-2016

Total Area: 45 Sqrkm

Legend

Source: UAV-eBee oradanr

Figure 3.9 Drainage system of the Chennai Airport

3.6 Ground survey within the airport premises to collect storm water drain
particulars
The objective of the survey inside the airport is to collect 1) cross section, 2) invert levels 3)
Culvert hydraulic particulars 4) Drain alignment until its confluence with Adyar River 5)
Constrictions due to utility lines along the storm drains 6) High Flood Marks at several places
within the airport 7) Mapping the sections of compound wall that collapsed during the floods
and 8) Plinth level of several critical infrastructure such as radar stations, power station etc.,
within the airport operational area. This data is currently being used to check the size of the
existing storm water drains to dispose off the flood water from a dessign storm (10yr recurrence
interval). Further, this data will be used along with the new master plan to check the capacity
of the existing drains and assess the need to resize the storm water drains if the capacity is
found to be inadequate.
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From the ground survey, the HFL during the December 2015 flood is found to be 13.315m AMSL
at the new radar station (in the vicinity of the secondary runway bridge). The HFL as per PWD
during the earlier flood in 2005 is 9.75m AMSL.

During the ground survey, the breached section of the compound wall was also mapped (Figure
10). The compound wall breaches were observed at five locations with a cumulative length of
approximately 375m (Figure 3.10). This was used within the hydraulic model to assess the
static and dynamic forces acting on the compound wall so that the compound wall section can
be appropriately designed to withstand the load caused due to flood of similar magnitude, thus
preventing it from breaching.

- canyd UAV SURVEY PRODUCTS
S Orthophotos, Digital Surface Model, Digital Terrain Model, Elevation Contours W 2
Location: Chennai Airport surroundings

] Cooriants Syvien. WS _1884_UTM_rone 4
Dutum WG TIEL

LEGEND

*  Breached Compound Wall Locations
Breached Compound Wal

Exinting Drainage Systemn

Asport Compound Wall

Total Locations Identified: 5

Total Length is: 372.8 m
Exigting Orainage System Of Alrport and ity Surroundings
18000

Figure 3.10 Layout of storm water drains within the airport and sections of breached compound walls

4 Modelling of river and storm water discharges

4.1 Introduction

Three different numerical models were used to understand and quantify the amount of flood
discharge in the Adyar River, flood depth at different places and capacity of the storm water
drains. The models used are:

1) Hydrologic model (HEC-HMS): For simulating the river flow entering Adyar River at the
Chennai bypass road bridge in the west, including the reservoir releases from
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Chembarambakkam reservoir. This will give the peak flood hydrograph for rainfall of
different recurrence intervals (2, 5, 10, 25, 50 and 100 yrs).

2) Hydraulic model (HEC-RAS 2D): HEC-RAS 2D model will be used to route the flood
through the river section adjacent to the airport, including the airport operational area
and secondary runway bridge. This 2D model will help us to design possible river
training works and flood by pass canals. Further, this will also help to map the flood risk
faced by other sensitive infrastructure such as Radar and power stations and to redesign
the plinth height.

3) Storm Water Management Model (SWMM): SWMM model is a standard tool to check
the size of the existing storm water drain and to re-design and re-align the external and
internal storm water drains taking into account the tentative master plan of airport
development.

4.2 Hydrologic Modelling of Adyar river using HEC-HMS

This phase of the work intends to quantify the effect of rainfall on runoff and streamflow
generated in Adyar Basin had the impact on Airport and the surrounding region, during the
extreme rainfall event that occurred in Chennai during the period 26/11/2015 to 03/12/2015.
As Adyar basin experienced major flooding during the extreme precipitation event, however
measured levels of flood discharges at the runway bridge section is not available. Hence, the
objective of the work is to simulate the rainfall-runoff process across the basin, including the
runway bridge section location. Further, simulations were also made to estimate flood
discharges for 2yr, 5yr, 10yr, 25yr, 50yr and 100yr return period storms. In this context, the
current study modelled the extreme rainfall events via a semi- distributed hydrological model,
HEC- HMS 4.2.1 developed by USA Hydraulic Engineering center. The Hydrologic Engineering
Centre’s (HEC) Hydrologic Modelling System (HMS) is one of the standard models which
incorporate Geographic information system (GIS) data with the watershed modelling. This
numerical model simulates the behavior of entire watershed to predict time of flow, runoff
characteristic, peak flow etc. It can be applied to any watershed of varying size, shape and
climatic conditions. Inputs needed for the model include:

e Topographic map

e Soil map

e Watershed

e Rainfall data

e Intensity-duration frequency

e Adyar river cross-section

e Capacity of Chembarambakkam and its discharge
e Runoff curve number
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Using the topography data from SRTM 30m digital elevation model (DEM), the entire Adyar
river basin was divided into 17 smaller subbasins using GIS (Fig.4.1). This simulation study is
needed because, only the release details from Chembarambakkam were measured. However,
there is a large portion of watershed including discharge from Manimangalam tank and other
smaller tanks upstream of Tiruneermalai are not controlled and measured, but would be
contributing considerable quantum of discharge to the Adyar river (critical point 2 in fig.4.1).
Hence, the discharge from this portion of the watershed has to be quantified based on
numerical simulation. SCS curve number method was used to simulate the generation of
rainfall excess and the SCS unit hydrograph approach was used to simulate the watershed
response and the kinematic wave routing method for doing the hydrologic routing of the flood
flow through the river.

Qutlet

'\%‘* Diversion
=%% Junction
bj Reservoir
=) sink
L—*-J Source

I%H Subbasin

Figure 4.1 Subwatersheds of Adyar river basin and critical points. 1) Chembarambakkam Reservoir 2) Adyar river junction
just upstream of the outer ring road 3) Airport secondary runway bridge and 4) Miot hospital

The watershed structure which can be imported directly to HEC-HMS was derived using HEC-
GeoHMS which works within a GIS platform. The inputs to the model in order to derive the
particulars included digital elevation model (Fig. 4.2) land use (Fig.4.3) and soil map along with
the hydrologic soil groups (Fig.4.4) and soil characteristic information. The landuse maps were
reclassified into four types namely, waterbody, urban (impervious), forest and agriculture.
Based on the landuse data and hydrologic soil groups, the lumped Curve Number (CN) value
(Fig.4.5) for each sub basin was generated by HEC- GeoHMS.
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Figure 4.2 SRTM 30m digital elevation model of Adyar river basin
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Figure 4.3 Landuse map of the Adyar river basin
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W Water bodies
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Hydrologic soil group

Figure 4.4 Soil hydrologic group map of the Adyar river basin
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Figure 4.5 Curve Number map of the Adyar river basin
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Figure 4.6 Storm hyetograph of the 2015 flood for different raingages
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Figure 4.8 Simulated reservoir release at the Chembarambakkam reservoir and the flood hydrograph simulated at the

junction of two limbs of Adyar river just upstream of outer ring road (Critical Point 2)



The hourly rainfall data for November and December 2015 were collected from IMD for several
raingages (Fig.4.6) inside and surrounding the basin. Several ponds and lakes within the basin
were assumed to be full during the beginning of the simulation period prior to 27/11/2015.
Using the raingage data, the event simulation that caused the historical floods in 2015 was
made using HEC-HMS to quantify the peak discharge in the Adyar river.

Before analyzing the model results, an attempt was made to calibrate the model with the
measured water level data by adjusting the reservoir outflow (Fig.4.7). The reasonably
calibrated model at the Chembarambakkam reservoir (Critical point 1) was used to analyze the
flows at other critical points. The hydrograph simulated at the junction of two limbs of Adyar
river just 2km upstream of the Outer ring road (critical point 2) is shown in figure4.8. The peak
discharge is estimated to be approximately 5000 m3/s (1,75,000 ft*/s). Although the average
release from Chembarambakkam for 01/12/2015 was reported at 821 m>/s (29,000 ft*/s), the
peak release for a short duration within the day could have been much higher. Nevertheless,
we can observe that in addition to reservoir release, a considerable amount of discharge was
contributed to the flooding of Adyar river from the uncontrolled Manimangalam limb of Adyar
river (Fig.4.8). This combined flood discharge is the main source of inundation of the Airport
and the other downstream areas of Chennai city adjacent to the river. At its peak, the release
from Chembarambakkam reservoir was only about 1000 m>/s, whereas the flood generation
from rest of the uncontrolled portion of the watershed such as Manimangalam,
Thirumudivakkam, Tandalam and Tambaram contributed as much as 4000 m*/s, pushing the
peak to as much as 5000 m3/s. This high discharge in response to the high amount of rainfall on
Nov.30 and December 1, 2015 was due to high amount of antecedent moisture conditions
caused by the saturation of the soil from previous rainfall events in November.

This flood hydrograph (Fig.4.8), at the junction of two limbs of Adyar river (at critical point 2),
was used as the upstream boundary condition for simulating the flood inundation with HEC-RAS
2D model. Further, the Intensity-Duration-Frequency (IDF) relationship derived from long-term
(30 years) hourly rainfall from Nungambakkam (Fig. 4.9) was used develop synthetic storm
hyetographs for different return periods storms for up to 24 hour duration. These synthetic
hyetographs (Fig.4.10) were then used to derive estimates of peak flood discharges of Adyar
river at the junction upstream of outer ring road and at the secondary runway bridge site across
Adyar river for different return periods storms for up to 24 hour duration.
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Figure 4.10 Synthetic storm hyetographs of 24hr rainfall for different return period storms (2yr, 5yr, 10yr, 25yr, 50yr, and
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Figure 4.11 Simulated flood discharge at the junction just upstream of outer ring road based on the synthetic storm
hyetographs for different return period
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Figure 4.12 Simulated flood discharge at the airport runway bridge section (Critical point 3) based on the synthetic storm
hyetographs for different return period

For simulating the flood hydrographs using the synthetic storm, it was assumed that for the 2
year flood, the initial surface storage was 25% of the maximum storage, for 5 year flood 50% of
maximum storage, for 10 and 25 year floods 75% of maximum storage. For 50 and 100 yr
floods the initial storage was assumed to be at 95% of maximum storage. Based on these
assumptions of initial storage and synthetic storm hyetographs, the flood hydrographs are
simulated at the junction upstream of outer ring road (Fig.4.11) and at the airport runway
bridge section (Fig.4.12; Table 4.1).
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As can be observed from the figure, the peak discharge of the 2015 flood and the peak discharge of the
100 year synthetic storm are almost the same (~5000 m>/s). As the 2015 flood hydrographs encompass
the peak flows of different return period floods, the inundation map at different levels of discharge
would give the flood inundation extent and flood depth for different return periods. The hydrographs
were used as boundary conditions for the the HEC-RAS 2D model to estimate the discharge capacity of
the river at the soffit level of the secondary runway bridge and flood inundation map for different levels
of discharges corresponding to different return period floods.

Table 4.1 Peak Discharge values at the secondary runway bridge site location

Return period of Storms Peak Discharge

(m*/s)

2-yr 560.8

5-yr 1921.1

10-yr 2942.7

25-yr 3663.5

50-yr 4673.6

100-yr 5190.8

4.3 Flood inundation modelling and mapping using HEC-RAS 2D

4.3.1 Introduction to HEC-RAS

HEC-RAS is a robust, open source and fully dynamic hydraulic model developed by US army
corps of engineers, hydraulic engineering center. It has been widely used for the analysis of
flow through natural riversand other channels to aid hydraulic engineers in floodplain
management and flood insurance studies. This model consists of four components namely,
graphical user interface (GUI), hydraulic analysis, data storage management and output
(graphics and reports) management. It makes use of a common geometric data for performing
river analysis components such as steady, un-steady, sediment transport and water quality
simulations.

It uses the Saint-Venant equations in order to model hydraulic aspects and solve them
numerically by finite difference method. It can also simulate flows in a single river, dendritic
system or network of channel and is capable of simulating the flows in subcritical, supercritical
and mixed flow regimes. The model can effectively simulate the influence of various
obstructions such as bridges and culverts on the water profile variations. The simulations can
be in 1-D, 2-D and combined 1-D and 2-D.

4.3.2 Development of terrain models for use in HEC-2D

For generating fairly accurate results, a more accurate representation of the terrain is required.
However, the freely available open-source data are of coarser resolution. Therefore, a drone
survey was conducted to obtain high-resolution data to effectively capture the topographical
undulations. Using this high-resolution data, a digital terrain model was constructed. The digital
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terrain model (DTM) spans from Chembarambakkam, at the upstream, to OTA Bridge, which is
located at approximately 1600 m downstream of the secondary runway bridge. The spatial
resolution of DTM is 10 cm. However, drone survey fails to represent the actual terrain value
underneath the water surface in the river. Hence, in addition to the drone survey, a manual
survey was also done for obtaining the elevation data for river cross sections at various
locations with the intervals ranging from 50-200m.

Bridge on top of the river

Figure 4.13 RAS Mapper with the terrain layer developed using drone data alone

HEC-2D model uses a tool called RAS mapper, for preparing the terrain model. RAS mapper is
an ARC-GIS tool, which aids in developing the terrain model from tiff or img files. The window
of the RAS mapper is shown in Figure 4.13. Firstly, to create a new terrain, the spatial reference
should be set in the RAS mapper window. In the present study, the spatial reference was set to
UTM zone 44N. After the projection was set, the terrain data was imported into RAS mapper in
the floating-point grid file in *.tif format. The developed terrain model is shown in Figure 4.13
and extends from Chembarambakkam to OTA Bridge. In order to solve the governing flow
equation, upstream and downstream boundary conditions are to be provided for a hydraulic
model. Upstream condition is obtained from HEC-HMS generated flow conditions at the critical
point 2 in the form of hydrograph (Fig.4.12). However, owing to lack of data for specifying
downstream conditions, normal flow condition can be assumed. This in turn requires
sufficiently long stretch of river from the bridge, so that the flow simulated at the bridge will be
more accurate and error due to the normal flow assumption will be minimal. Therefore, a new
terrain model including the region up to MIOT hospital is required. The elevation data from
NEXTmap World 10, with a 10m resolution, was therefore incorporated into the DEM. To
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maintain consistency between data from different sources, the drone survey data was

resampled into 10 m resolution and a relationship between the drone and NEXTmap data as a
function of the x and y coordinates was established. Using this relationship, a consistent DEM
data was generated (Fig. 4.14) up to MIOT hospital area.

Figure 4.14 Integrated terrain map of DEM from UAS and NEXTmap data for the missing portion of the OTA

Further, it could be seen from Figure 4.13, that the drone survey provides the top elevation at
the locations of the bridge, not the river bed elevations. As already mentioned, the drone data
does not capture the actual terrain underneath the water surface in the river. Hence, to
improve the terrain model along the river, the surveyed cross-sections were incorporated into
the drone generated DTM. At first, the water surfaces and the bridge top in the river were
manually digitized using the drone survey. Then, RAS Mapper was used to create the river
terrain from the manual survey data. The created river terrain was then merged with drone
generated DTM using ERDAS Imagine 2014 software package as shown in Figure 4.15. Finally,
the enhanced terrain model was prepared using the river terrain from the manual survey for
the areas that had water and the high-resolution drone data for the rest of the area (Figure
4.14). The final enhanced terrain and boundary of the air port premises indicated by red solid
lines is shown in the Figure 4.16. In order to understand the effect of piers in flooding, the
elevation vales were increased to 11m at the loaction of the piers in the final dtm (Figure 4.17
and Figure 4.18).
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Figure 4.15 Process flow for integrating DEM from UAS with DEM from NEXTmap

Figure 4.16 Terrain data near the premises of Chennai Airport
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Figure 4.17 The river portion near the secondary runway bridge

Figure 4.18 The river portion near the secondary runway bridge with piers
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4.3.3 Geometry data

HEC-RAS 2D model uses the finite volume scheme (FVM) to solve the governing equations. In
the FVM scheme, the computation domain is divided into a finite number of cells called as
comutational mesh. The mesh generation for the computational domain is carried out in the
Geometric editor of the HEC-RAS 2D.

In order to locate the boundary of the domain, either the generated terrain model or the
google imagery has to be loaded as a backdrop in the Geometric editor. Such an option for the
backdrop is available under the editor tool menu. Additionally, shapefies of the compound wall,
locations of the drains and the physical gates were also brought in to the editor for accurate
representation of the physical features. Then, the boundary of the computaional domain was
created using 2D flow area drawing tool and following it a computaional mesh was created
(figure NO).

As the computational domain is large, initially, a coarser mesh was generated with a spatial
resolution of 30 x 30m. However, this coarser mesh failed to capture the nitty-gritty
topographic details of the river and the compound wall properly. On the otherhand, if the mesh
size was made finer through out the entire domain, it would cost a lot of computaional time.
Therefore, optimally one could make the mesh finer on the river banks and compound walls.
This could be achieved by using break lines to differentiate the regions that require coarser and
finer grids (Figures 4.19 & 4.20). It also has to be noted that the discretized cells’ edges will be
aligned along the breaklines so that the location of the breaklines remain undisturbed. For our
case, the breaklines are compound walls and river banks that are digitized using Arc-GIS.
Additionally, breaklines were created along the pier locations to make the mesh even finer, so
as to capture the pier elevation (Figures 4.21 to 4.24). Finally, storm drains where incorporated
into the compund wall lines (Figure 4.25).
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Figure 4.19 Mesh generation dialog box

Figure 4.20 The pink lines represent river bank and bridge pier locations. The red lines indicate compound wall. The
computational mesh is represented in green

In the Figure 4.20, it may seem that the mesh size is uniform but if one zooms in to the areas in river and
bridge finer mesh will be seen (Figures 4.21 to 4.24).
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Figure 4.21 Closer view of the Airport premises

Figure 4.22 Zoomed in view of the domain at the upstream of the secondary runway bridge
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Figure 4.23 Zoomed in view of the domain at the river portion of the secondary runway bridge

Figure 4.24 Zoomed in view showing even finer mesh refinement to capture the pier elevations
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Figure 4.25 Zoomed in view showing the location of storm drains (red circles) in the compound wall break lines.
4.3.4 Inflow and Outflow boundary conditions

The inflow boundary condition is given as the stream flow hydrograph (Figure 4.26) at the
upstream site indicated in Figure 4.27. The hydrograph is obtained using HEC-HMS model.
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Figure 4.26 Stream flow hydrograph that given as the upstream boundary condition
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Figure 4.27 The circled portion represents the upstream boundary condition (630 m from Chennai outer bypass) site and the
inner box shows the cross-section at that site.

The downstream boundary condition is the uniform flow boundary (Figure 4.28).
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Figure 4.28 The circled portion represents the downstream boundary condition site, which is an open boundary.
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4.3.5 Flow capacity of the river section at the secondary runway bridge site

After generating the refined mesh and providing the upstream and downstream boundary
conditions, the 2D flow simulation was carried out for two different Manning’s roughness
values of 0.020 and 0.027 using two different DTMs: with piers and without piers (four model
runs). The model was run for two different range of Manning’s channel roughness values
because the river conditions in this modelled stretch of Adyar river seem to have this range
based on guidance value suggested by the USGS. The simulation was run with the time step of
3 sec. The simulation time step was determined by the grid size and the velocity of the water
wave and is called as Courant—Friedrichs—Lewy (CFL) condition is a necessary condition for
convergence while solving certain partial differential equations. The model simulation was
carried out from 1 December 2015 to 2 December 2015. These above four cases would help us
in understanding the effect of piers in deciding the flow capacity of the river section
underneath the secondary runway bridge.

Simulations were carried out for different flow values for the four cases and the flow that
results in water level elevation of 10.5 m corresponding to the soffit level of the bridge is the
required carrying capacity of the river section underneath the bridge. When the results were
analyzed for the four cases, it was found that the presence of bridge piers didn’t influence the
flow capacity of the river section. The reason behind this is due to the fact that the piers’
influence is localized and felt in a small region of less than 2m radius around the piers. The
effect of piers on the streamlines (flow vectors) is very clear from the analysis of streamlines
around the piers as shown on Figure 4.29. In addition to this, the two different Manning’s n
cases for with piers were solved analytically for any afflux due to the presence of piers.
However, the afflux calculated was <0.01m in both the cases as shown in Tables 4.2 and 4.3 and
it conformed to the findings from the hydraulic model. Hence, it is understood that the impact
of piers is localized and the carrying capacity of the river section underneath the secondary
runway remains unaffected due to the presence of piers.

Table 4.2 Afflux calculation for n = 0.020 with pier

Flow Rate (Q ) | Unobstructed | Diameter of Sum of Bridge Downstream Approach
width (W) pier (m) Span (L) depth (yq) Velocity (V.)
2041 185 0.5 180.5 7 1.68
L/W Co e Afflux (h)
0.976 0.975 0.06 <0.01m
Table 4.3 Afflux calculation for n = 0.027 with pier
Flow Rate (Q) | Unobstructed | Diameter of Sum of Bridge Downstream Approach
width (W) pier(m) Span (L) depth (yq) Velocity (V,)
1583 185 0.5 180.5 7 1.30
L/w Co e Afflux (h)
0.976 0.975 0.06 <0.01m
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Figure 4.29 Figure showing the localized effect of piers on the streamlines. The zoomed in
view is also presented for better understanding.
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The rating curve for the Adyar River at the bridge section is shown in figure 4.30. The carrying
capacity of the river at the runway bridge at the soffit level of 10.5m was found to be 1,104
m3/s (38,985 ft’/s) and 1,409 m*/s (49,774 ft*/s) for manning’s n of 0.027 and 0.020
respectively (Figures 4.31 to 4.33). The overall summaries of considered four cases are provided
in the Table 4.4 and 4.5. As can be seen from Tables 4.4 and 4.5, the river will flow to its full
capacity (at the soffit level of 10.5m) at the secondary runway bridge section during a storm for
magnitude between 2-yr and 5-yr return period. So, for any storm greater than the full
capacity, the river will overbank and start flowing into the flood plain. The inundation maps of
floods due to various return period storms are given in Annexure C. The flood flow
corresponding to the December 2015 flood is only slightly lesser than the flood magnitude due
to 100-yr design storm which is as much as 3.5 to 4.5 times (350% to 450%) more than the bank
full carrying capacity of the river at the bridge site. Any river training that can be done at the
bridge site, upstream or downstream can increase the flood carrying capacity only marginally
(up to 20% - 25%) and it would be impossible to accommodate such a huge flood magnitude
within the confines of the river banks. The effect of river training on flood carrying capacity is
discussed in section 4.3.8 in detail.
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Figure 4.30 Rating curve for the Adyar river at the bridge section
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Figure 4.31 Figure showing the hydrograph at the inlet boundary and at the upstream of the secondary runway bridge for
n=0.027 with and without piers
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Figure 4.32 Figure showing the hydrograph at the inlet boundary and at the upstream of the secondary runway bridge for
n=0.020 with and without piers
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Figure 4.33 Figure showing the water level Vs time obtained from DSM with piers and DSM without piers at the river near

the upstream portion of the secondary runway bridge (n = 0.020 and n=0.027)
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Table 4.4 Summary of the simulation for n=0.020

Model Description Outputs
Flow rate m3/s | Water level
Inputs - -

Carrying capacity 1409.45 10.50
No of cells 77432 2 yr storm 560.80 8.60
Model type Diffusive approach 5 yr storm 1921.10 11.40
Time step 0.5 sec 10 yr storm 2942.70 12.48
Manning's n 0.02 25 yr storm 3663.50 13.50
Inflow Boundary Hydrograph 50 yr storm 4673.60 -
Outflow Boundary Normal depth 100 yr storm 5190.80 -

Table 4.5 Summary of the simulation for n=0.027
Model description Output
Flow rate m3/s Water level
Inputs - -

Carrying capacity 1103.73 10.50
No of cells 77432 2 yr storm 560.80 9.00
Model type Diffusive approach 5 yr storm 1921.10 11.97
Time step 0.5 sec 10 yr storm 2942.70 13.15
Manning's n 0.027 25 yr storm 3663.50 -
Inflow Boundary Hydrograph 50 yr storm 4673.60 -
Outflow Boundary Normal depth 100 yr storm 5190.80 -

It was observed that for both manning’s n = 0.020 and 0.027 that the back flow of the water
from the Adyar River in to storm water drains were taking place during the simulation (shown
in Figure 4.34, 4.35 and 4.36). The back flow from the river into the drain takes place even for a
2-yr return period storm (Drains 1, 2 and 5) (Figs.4.31 to 4.33). However, all the storm water
drains begin to back flow for floods resulting from any storm greater than 5-yr return period.
When the Adyar River flows full at the soffit level (10.5m) all the six major drains, including the
fishnet drain, on the river side take in backflow leading to poor drainage and standing water
inside the airport premises. Hence, this may warrant installation of sluice gates and pumping
mechanisms. Sluice gates and pumping requirements are discussed separately in section 4.3.8.
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Figure 4.35 Figure showing the back flow in the drain at the upstream of the secondary bridge.
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Figure 4.36 Figure showing the back flow in the drain at the downstream of the secondary bridge.

4.3.6 Simulated maximum water level at some of the critical installations

The maximum water levels from the simulation for the two scenarios of roughness in the river
and the flood plain, n = 0.020 and 0.027, are provided in the Table 5 and the corresponding
locations are shown in the Figure.4.37. The observed high flood level (HFL) at ILS Radar Station
was 13.756 m. It can be clearly seen from the table that the observed HFL falls within the
simulated HFL range (13.749 -14.343 m). The observed HFL at the New Radar Station and New
fire station was 13.315 m and 13.056 m and are closer to the simulated values (13.787-14.417
m) and (13.872 — 14.350 m). These discrepancies in HFL may be attributed to the manning
roughness coefficients, the resolution of the computational mesh and minor errors due to
simplifications in the 2D model in simulating the actual 3D flow. Further, the carrying capacity
of the model between 38,985 ft*/s and 49,774 ft3/s for manning’s n of 0.027 and 0.020 which is
closer the design capacity of 50,000 ft*/s of the river section near the bridge confirms that the
overall prediction was good.
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Table 4.6 Maximum water levels at critical locations

Figure 4.37 The locations of the critical infrastructure inside the airport

Maximum Water

Location surface elevation (m)

n=0.027 n=0.020
International Terminal 14.285 13.799
Domestic Building 14.367 13.785
Domestic Building 14.375 13.786
Terminal 14.363 13.787
New Fire Station 14.350 13.782
New Radar Station 14.417 13.787
Old Fire Station 14.360 13.784
Runway 14.385 13.786
Runway secondary 14.400 13.786
Old Radar Station 14.395 13.786
Reliance Fuel Station 14.334 13.782
Flight Glide Path 14.343 13.749
ILS Radar Station 14.343 13.749
ILS 14.350 13.781
Glide Path 14.369 13.785
ILS 14.413 13.787
Communication building 14.418 13.787
ILS 14.429 13.787
Apron 14.415 13.786
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4.3.7 Hydrostatic and Dynamic pressure distribution along the compound wall

The pressure distribution along the compound wall is due to both hydrostatic pressure caused
by the height of the water and dynamic pressure caused due to the velocity of the water. The
hydrostatic pressure distribution was calculated by extracting the height of the water column
above the bottom of the compound wall, whereas the dynamic pressure was calculated by
extracting the maximum velocity of the water near the compound wall. The hydrostatic
pressure on the compound wall was calculated as:

1
P ==y¢h"
s 27W
Where, P, — Hydrostatic Pressure in KN per unit length of the compound wall, y,, — Specific
weight of water (9.8 KN/m?®); h — height of the water column above the footing of the
compound wall. The pressure due to dynamic load caused by the velocity of the water is
calculated as:
1 5
P, ==p,vh
ZPW

\'

Where, P, — Dynamic Pressure in KN per unit length of the compound wall, p,, — Density of
water (1000 Kg/m?); h — height of the water column above the footing of the compound wall
and v —is the velocity of the water flowing on to the compound wall.

The total pressure distribution due to static and dynamic load along the compound walls are
calculated and are shown in Figures 4.38 and 4.39. These total pressure distribution values will
aid in redesign/improvement of the present compound wall sections and identification of
sections that are most vulnerable.
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Figure 4.38 Total pressure distribution (in Newton) along the compound wall for n=0.027
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Figure 4.39 Total pressure distribution (in Newton) along the compound wall for n=0.020
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4.3.8 Measures to improve the flood carrying capacity of the river (Interventions outside the airport
premises)

4.3.8.1 Bypass channel near secondary runway bridge site

For improving the carrying capacity of the river at the secondary runway bridge, different types
of river training were carried out and are discussed as flows. As a first case, a small bypass
channel was considered between the upstream (U/S) and downstream (D/S) of the secondary
runway bridge (Figure 4.40) running along the periphery of the secondary runway beyond the
bridge to the north towards Gerugambakkam. As an optimal combination, a trapezoidal
channel of 2m bottom width and 4 m depth (depth allowed by the existing terrain) was
assumed with the slope of 0.0003 for diverting part of water from the upstream of the
secondary runway. From the HEC-RAS 2D simulation conducted for the maximum flow capacity
of Adyar river, the average velocity at the upstream of secondary bridge Adyar river was 2.138
m/s. Based on the above inputs, the capacity of the bypass channel was estimated to be only 50
m3/s (Figure 4.41). However, this quantity is very less in comparison with the total quantity of
flow at the soffit level of 10.5 m (1,104 —-1,409 m3/s). Further, the earthwork involved in this
diversion channel will be expensive and some private properties need to be disturbed (Figure
4.40). Therefore, it may not be a good option to divert water from upstream to downstream of
the secondary runway bridge with a bypass channel.

4.3.8.2 River widening and dredging upstream of the bridge

As an alternative, the river widening and dredging was considered to improve the flow rate at
the Adyar river section near the secondary runway bridge. First, the river bottom underneath
the secondary runway bridge i.e. the deposited soil was dredged. Numerically the dredging was
carried out by extracting the river cross-section using the HEC-GEORAS arc tool and then the
improved (smoothened) cross sections were punched into the actual terrain. The simulation
was run using the improved terrain; however, the flow capacity at 10.5m soffit level did not
show any increase. As the next step, the river stretch at the upstream (Figures 4.42 to 4.44)
upto to 1km U/S from the bridge site was dredged as well as widened (in the range of 1-2m)
was considered. Even in this case the carrying capacity was not improved (1105.2 and 1103.7
m3/s for with and without river training for n=0.027 and 1413.3 and 1409.5 m3/s for with and
without river training for n=0.020). The reason for no significant change in the flow rate is
because, the width of river at the upstream of the secondary runways bridge is ~200m, whereas
at the downstream, the river width is in the range of 80-100m (from OTA to Miot Hospital).
Hence, the upstream acts like a pool when the water level goes beyond 9m (Figure 4.45) and
the downstream sections further reduce the velocity of the flow. This phenomenon is well
captured in the simulation and confirmed during the field visit as well. Hence, river widening
and dredging at the upstream side of the bridge alone will not yield a desired result of increase
in flow capacity.
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Figure 4.40 Intended path of a diversion channel
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Figure 4.41 Design of a diversion channel
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Figure 4.43 River training at the upstream of the secondary runway bridge up to 1km from the bridge site (ortho photo)
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Figure 4.45 Water pool effect at the upstream of the secondary runway bridge
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4.3.8.3 River widening and dredging from downstream of the bridge till just before OTA

As simulations with the dredging and widening of the river section just U/S of bridge section did
not result in increase of flow capacity, the downstream river sections from the bridge were
dredged up to just before OTA ground in addition to 1-2m river widening (Figures 4.46 and
4.47) up to a distance of 2km D/S of secondary runway bridge site along the river length, but
just before the OTA bridge. The simulated results for this case show an increase of 207 to 325
m>/s (depending of channel roughness) in the carrying capacity of the river at the secondary
bridge. From this analysis, it is clear that it is highly recommended to dredge, widen and clean
the downstream stretch before each monsoon to enhance and maintain the flow capacity of
the river.

4.3.8.4 River widening and dredging from downstream of the bridge beyond OTA till MIOT

It was observed that near the OTA bridge the river width is almost half (<50m) of what it is just
500m upstream. In order to study the impact of widening the OTA bridge, the following reach
of the river up to Nandampakkam bridge, just upstream of the check dam before the MIOT
hospital, was widened up to 100m. This value was taken as the maximum width available for
river widening and dredging based on the site conditions and the width of the river just
immediately upstream. The simulated results for this case show an increase of 300 to 400 m?®/s
(Table 4.7) (depending on channel roughness) in the carrying capacity of the river at the
secondary bridge. When compared to the previous scenario, widening of the river from the
OTA bridge till the check dam seem to increase the flow capacity of the river by additional 100
m3/s. From this analysis, it is clear that it is highly recommended to dredge, widen and clean
the downstream stretch before each monsoon to enhance and maintain the flow capacity of
the river.

These scenarios clearly indicate that the current flow capacity which is between 1,104 m?/s
(38,985 ft*/s) and 1,409 m>/s (49,774 ft*/s) could be potentially increased to between 1,400
m3/s (49,440 _fta/s) and 1,806 m®/s (63,778 ft3/s) due to river dredging and widening up to 3km
D/S of the runway bridge site including widening of the OTA bridge.
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Figure 4.46 River dredging and widening at the downstream of the secondary runway bridge up to 2km D/S of the runway
bridge (Ortho photo)

Figure 4.47 River dredging and widening at the downstream of the secondary runway bridge up to 2km D/S of the runway
bridge (DSM)
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Figure 4.48 Comprehensive river training considering the upstream 1km and downstream river training up to 2km from the
runway bridge
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Figure 4.49 River dredging and widening at the downstream of the secondary runway bridge up to 3km D/S of the runway
extending bridge beyond OTA till the check dam before Miot hospital (Ortho Photo)

Figure 4.50 River dredging and widening at the downstream of the secondary runway bridge up to 3km D/S of the runway
extending bridge beyond OTA till the check dam before Miot hospital (DSM)
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Table 4.7 Carrying capacity of the river at the upstream of the secondary runway bridge for different river training

Flow rate (m®/s)
River Training Scenarios
n=0.027 n=0.020

Without river training (flow capacity
of the river at the soffit level of 10.5m) 1,104 1,409
Upstream dredging and widening 1,105 1,413

Downstream dredging and widening
(till OTA) 1,312 1,736

U/S and D/S dredging and widening
(till OTA) 1,313 1,738

U/S and D/S dredging and widening
(beyond OTA till Miot) 1,400 1,806

4.3.8.5 Bridge scour and preventive measures

The bridge piers for the proposed site are tied up by beams with each other at the river bed level. The
space within the beams are covered by boulders. This has taken care of bed scour as it is clear from the
ground survey. However, the upstream side of the bridge is not protected and hence there may be scour
at this location. The scour around a bridge pier is calculated from the Lacey’s formula adopted by the
Indian Road Congress (IRC 1998 & 2000) as given below

D, =1.34(q°/ f)]/?’

where, D, is the mean scour depth (m) below the design flood level, g is the design flood discharge

intensity in m*/s/m allowing for concentration of flow and fis the Lacey’s silt factor (1.76\/6 ) related
to the median size of bed material d (mm). For simplifying the calculation, the dimensions of the bridge
at the upstream are used in the above equation. After substituting the values from the simulated results
and from the published literature (Q = 1800 m>/s, width = 200 m, d = 0.13 mm), the scour depth is 6.74
m from the design flood level ~5 m. Therefore, the potential scour below the bed level is estimated to
be around D, = 1.74 m in an extreme condition.

The ground survey just after the 2015 flood did not show scour around bridge piers. In fact,
there was scattered sediment deposition on the upstream side. However, the upstream side
was also muddy and hence there could be scour below the ground level which could not be
surveyed. Considering the potential scour, it is recommended that the upstream side and two
banks close to the bridge for a certain distance need to be protected by stone pitching. The
banks need to be given proper slope from stability point of view. The following information may
be used for protection.

Bank side slopes
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The side slopes of the banks have to be fixed from stability considerations which depend on the
material of which the bund is made and also its height. Generally the side slopes of the guide
bund vary from 2:1 to 3:1 (H:V). In this case, gentle side slope of 3:1 should be preferred.

Size and thickness of pitching

As per IRC code the size and weight of stone pitching are calculated as following
D =0.04176V°

W =0.101v°

For the velocity up to 1.8 m/sec as observed in the simulations, the pitching stone size should
be 0.13 cm and weight of individual stone should be 3.4 Kg. The thickness of pitching should be
calculated using the Pilarczyk formula given below

t =0.025V?

And the thickness for the proposed site is calculated as 0.08 m which is lower than the
suggested minimum thickness 25 cm. Hence, the thickness should be at least 25 cm.

Length of stone pitching

As per the design criteria for launching apron given in CBIP (1989), the length of stone pitching
should not be less than 1.5D;, i.e 2.6 m, but this seem to be very lower value. On the contrary,
in easily erodible rivers, too long stone pitching is liable to damage and failure. Hence, it would
be better to construct shorter ones in the beginning and extend them gradually as silting
between them proceeds.

Design caution: The stone pitching in the vicinity of bridge needs to follow several IRC codes

and it’s an exhaustive procedure. Therefore, while going for stone pitching IRC code should be
followed. A detailed DPR can list give all the specifications.

4.3.9 Flood diversion canal from Adyar to Palar

As discussed in section 4.3.5, the magnitude of the December 2015 flood is only slightly lesser
in magnitude than the flood caused from 1 in 100 year design storm. The peak flood was as
much as 3.5 to 4.5 times (350% to 450%) more than the bank full carrying capacity of the river at the
bridge site. As discussed in section 4.3.8, river training could increase the bank full flow capacity of the
river by only about 25%. Hence, there is a need to consider a flood carriage way to divert the flood
waters of Adyar River originating from the Chembarambakkam surplus weir and route it to Palar near
Vallipuram, just downstream of Vallipuram bridge. There is only a mild gradient of 5m available over a
distance of 75 km (a fall of only 6.5cm for every one km). A compound channel as shown in figure 4.51,
was considered to divert the flood waters. Due to the existing terrain conditions and difficulty in finding
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the right of way, the maximum channel depth was restricted to only 4m. The top width of the channel
was restricted to 100m (as wide as Adyar River). The rest of the channel parameters are summarized in
table 4.8. Due to the mild gradient, the massive channel could only convey a peak flow of about 391
m>/s. However, as we saw earlier in section 4.3.8, dredging and widening of Adyar River section D/S of
the secondary runway bridge site to a distance of about 3km, itself could increase the discharge capacity
of the river by almost 300 to 400 m>/s. At the first look, this flood diversion look very massive and for
the floods of magnitude such as December 2015 flood, this flood channel will serve only limited purpose
due to the small gradient available for diversion. Further, such a large flood carriage way would have to
cut through several villages, agricultural fields and has serious environmental implications and cost
implications. There may also be few sections where some tunnels are needed below dense habitation
along the flood diversion canal. Hence, without a thorough feasibility study, the option of considering

flood carriage way to carry the excess flow from Adyar to Palar does not. seem to be viable. However,

a flood carriageway such as this is required as more urbanization to the west of Tambaram
would bring more flood waters into the airport and into the Chennai city. Hence, this option
needs to be comprehensively investigated in greater detail.

|le—— byt 2Vmy —

Figure 4.51 Compound channel section to divert flood waters from Adyar to Palan

Table 4.8 Compound channel parameters for flood carriage way from Adyar to Palar

Bottom of main channel b,,, (m) 54.0
Bottom of flood plain channel bf (m) 86.0
Depth of main channel (y.,) (m) 2.0
Total depth (Ymax) (M) 4.0
Top width (m) 100.0
Side slope of main channel z1 2
side slope of flood pain z2 2
Manning n (Rubble Masonry) 0.017
Bottom slope (m/m) 0.000065
Discharge capacity ( m*/s) 391.5
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Figure 4.52 Probable pathways for the flood carrier canal from Chembarambakkam and Adyar to Palar

5 Storm Water Management Model (SWMM) of Chennai Airport

5.1 Introduction

SWMM is an open source dynamic hydrology-hydraulic simulation model primarily from urban
areas developed by the US Environment Protection Agency (USEPA). SWMM is a dynamic
rainfall-runoff simulation model used for single event or continuous simulation of runoff
quantity and quality from primarily urban areas. The runoff component of SWMM operates on
a collection of sub-catchment areas that receive precipitation and generate runoff and
pollutant loads. The routing portion of SWMM transports this runoff through a system of pipes,
channels, storage/treatment devices, pumps, and regulators. SWMM tracks the quantity of
runoff generated within each sub-catchment, and the flow rate and flow depth in each pipe and
channel during a simulation period.

SWMM accounts for various hydrologic processes that produce runoff from urban areas. These
include:

e time-varying rainfall
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e evaporation of standing surface water

e rainfall interception from depression storage

e infiltration of rainfall into unsaturated soil layers

e percolation of infiltrated water into groundwater layers

e nonlinear reservoir routing of overland flow

e capture and retention of rainfall/runoff with various types of low impact development
(LID) practices

Spatial variability in all of these processes is achieved by dividing a study area into a collection
of smaller, homogeneous sub-catchment areas, each containing its own fraction of pervious
and impervious sub-areas. Overland flow can be routed between sub-areas, between sub-
catchments, or between entry points of a drainage system. SWMM also contains a flexible set
of hydraulic modelling capabilities used to route runoff and external inflows through a drainage
system network of pipes, channels, storage/treatment units and diversion structures. These
include the ability to:

e handle networks of unlimited size

e use a wide variety of standard closed and open conduit shapes as well as natural
channels

e model special elements such as storage/treatment units, flow dividers, pumps, weirs,
and orifices

e apply external flows and water quality inputs from surface runoff, groundwater
interflow, rainfall-dependent infiltration/inflow, dry weather sanitary flow, and user-
defined inflows

e utilize either kinematic wave or full dynamic wave flow routing methods

e model various flow regimes, such as backwater, surcharging, reverse flow, and surface
ponding

In this study, runoff generation and flow routing are the two processes modelled. The
infiltration model used for runoff computation is based on the Curve number method. The flow
routing model is based on the dynamic wave equation. Hazen Williams’s equation is used by
the model for dynamic wave routing computation. The storm drainage channel data, including
open / closed channel inside the Airport and storm drainage inlets that enter inside the airport
along with culverts are given as input to model the flow hydraulics (Fig.5.1 and 5.2). In this
study, SWMM was used to analyse the capacity of the existing drainage networks inside and
outside the Airport, to accommodate Storm water generated. The natural sub catchments in
the Airport region has been delineated using HEC-GEOHMS and given as the input for SWMM.
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Airport has a storm drainage length of close to 36km. The total length of external storm drains
entering the airport premise is about 4.2km; total existing storm drains modelled being 41km.
These storm drains were digitized and discretized into 297 conduits, involving about 284
junction points (Table 5.1 and 5.2) . The type of storm water drain, size, and invert levels were
obtained from the ground survey (Annexure D). Major storm water drains from the external
catchment enters the airport at three different points. The storm drains mostly within the
airport area is modelled in a detailed way with SWMM. However, the external storm water
drains (Fig. 5.3 and 5.4) that enter the airport premises were modelled with HEC-HMS and the
hydrograph was used as input into SWMM to route the flow through the storm drains within
the airport premises.

SWMM model was run for three different design storms with return periods 2 years, 5 years, 10
year and 2015 Chennai flood, to identify the carrying capacity of existing drains inside the
Airport. The design return periods of 2, 5 and 10 yrs were chosen because any return period
more than that would result in unreasonable sizing of the storm water drains. This would help
to identify the sites for resizing the storm water drains and the necessity to divert external
storm water drains. The flood hydrographs of external watersheds given as input to SWMM are
show in figures 5.5 and 5.6.
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Table 5.1 Total length of storm water drains

Scenarios

Total length of conduits(in Kms)

Inside the Airport

Outside the Airport

Existing Storm water

drains 41.64 4.23
Resizing & Internal
Rerouting of drains 43.53 4.29
Diversion of External
Drains 43.53 6.25
Table 5.2 Length of storm water drains to be resized
Scenarios Total length of conduits to be modified (in Kms)

Inside the Airport

Outside the Airport

Resizing & Internal

Rerouting of drains 15.66 0.6

Diversion of External

Drains 2.02

Table 5.3 Conduits and Nodes modelled for different scenarios
Resizing & Diversion of
Existing Internal Rerouting | External Drains

Number of conduits
modelled 329 346 359
Number of nodes
modelled 316 327 341
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Figure 5.1 SWMM setup of the storm water drains and watersheds within and adjacent to the airport
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Figure 5.2 SWMM conduits and junctions

6l|Page



Figure 5.4 External storm water drain near Pallavaram and Pammal side simulated using HEC-HMS
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Figure 5.5 Flood hydrograph for different return periods from the external drains at the GST road side drain from the
Thirusulam area
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Figure 5.6 Flood hydrographs for different return periods from the external drain near Taj Kitchen from Pallavaram

5.2 Storm drainage capacity of the existing storm water drains

The SWMM model was first used to check the size of the current drains to estimate their flood
carrying capacity without surcharging. It was found that the existing storm water drains
surcharge at several locations even for the runoff resulting from 2-yr design storm due to flows
from external drains of Pammal, Pallavaram and Thirusulam. Most of the drains / conduits are
not able to safely dispose off the runoff resulting from 10-yr design flood without surcharging.
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Hence, sections of the storm water drains have to be resized and regraded to accommodate the
runoff resulting from 10-yr design storm.

Based on the model simulations (Table 5.3), totally 73 conduits of 329 conduits surcharged for a
2 year storm, 86 conduits surcharged for 5-yr storm and 86 conduits surcharged for 10-yr
design storm. About 9.6, 12.75 and 12.75km length of drains out of 41km of storm water drains
within the airport surcharged respectively for 2-yr, 5-yr and 10-yr design storm (Figures 5.7 to
5.11).

Table 5.4 Conduits surcharging for design storm of different return periods

Conduits Surcharged for | Surcharged fO( 5 | Surcharged for'lo
number |2 Year return |year return period | year return period
period rainfall | rainfall rainfall
1 | M M
20 | M v
25 W M M
26 V] M v
50 | M v
56 o ¥
57 o M
72 v v
73 o ¥
74 o M
75 v v
76 M M M
77 V] M v
78 v v
79 o v
80 o M
81 v v

64| Page



Conduits
number

Surcharged for
2 year return
period rainfall

Surcharged for 5
year return period
rainfall

Surcharged for 10
year return period
rainfall

82

83

84

85

NN

87

88

89

90

91

92

93

94

95

96

97

98

99

100
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108

109

112

113

114

115
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Conduits
number

Surcharged for
2 year return
period rainfall

Surcharged for 5
year return period
rainfall

Surcharged for 10
year return period
rainfall

116

122

123

124

125

127

129

131

132

141

142

200

202

203

204

205

206

207

208

NN N|NNN|NINNNINNNNNNNNN

209

211

249

250

251

252

NINN|N
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Conduits Surcharged for | Surcharged fO( 5 | Surcharged for'lo
number |2 Year return |year return period | year return period
period rainfall | rainfall rainfall
253 M M M
254 | M v
259 V] M v
260 M M M
265 V] M v
268 V] M v
269 W M M
271 V] M v
292 V] M v
295 M M M
298 V] M v
299 | M v
341 V] M v
342 M M v
345 M M M
346 V] M v
347 W M M
348 V] M v
349 | M v
350 V] M v

From the figures 5.7 to 5.11, it is clear, that the surcharging drains are distributed across the
airport and not concentrated in any one region. However, the major drains that surcharge are
the drains that also bring considerable amount of discharge from external catchments of
Thirusulam and Pallavaram / Pammal region. These drains might have been designed when
there was not much urbanization in Thirusulam and Pallavaram / Pammal region. Due to
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urbanization and the resulting increase in the impervious portion of the watershed, the runoff
generated in these external watersheds has increased considerably. Further, there have been
several expansions even within the airport premises itself. Hence, it becomes necessary to
resize, regrade and reroute several internal and external storm water drains.

5.3 Resizing, regrading and rerouting the internal storm water drains

SWMM Model was run to redesign the existing channels inside and outside airport to
accommodate flood discharges resulting from 10 year return period storm. While redesigning
using SWMM it was found that resizing alone will not be effective as the culverts that cross the
active runway portions may not be sufficient and hence resizing them would disturb the aircraft
operation. Hence, regrading the invert levels of the drains and rerouting with additional links in
the storm water drains becomes import. The channels / culverts crossing the active runway
portions were not considered for resizing and rerouting. Instead, the channels were regraded
and rerouted to another direction. Specifically, due to external flows from the Thirusulam area,
the conduits near the old fire station and Indian oil storage regions surcharge considerably.

Due to the capacity limitations in the culverts across the runway, a new storm water drain was
proposed parallel to the existing drain, but to the north of the taxi ways “A” & “B” and crosses
Taxi ways “D” & “C” before joining the existing storm drain to the east of the cargo apron at the
beginning of “A” Taxi way. This rerouted water from the external storm water drain that enter
the airport near the Indian oil storage and from the apron region H of the main terminal, will
ultimately discharge through the new drain into the Adyar River near the North-West portion of
the Coast-Guard station.

While developing the model for resizing and rerouting, the width of the channel was kept at a
maximum of about 6.5m keeping in view the limitations of the site conditions. The drain sizes
were optimized using SWMM model to bring down the node surcharge to less than 1 hour at
most places. At other places wherever further redesigning may not be practically possible due
to terrain and other limitations, the surcharge was brought down close to two hours. The
design parameters of the modified conduits are presented in Annexure D. The stretch of storm
water drain that was newly proposed to reroute the flow toward the Coast Guard station is
shown in figure 5.12.

5.4 Rerouting the external storm drain from Pammal

The storm water drain from the Pammal and Pallavaram region brings considerable amount of
flood discharges that eventually drain through the Fishnet drain into the Manikka Odai in the
northern side of the airport which subsequently drain into the Adyar River. This external
discharge also brings along with it considerable amount of solid waste and organic load that
attracts birds into the runway portion. Hence, rerouting of this drain through the Cowl| Bazaar
directly into the Adyar River was explored. This proved to be a very good option for diversion
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as the terrain gradient is also in the same direction. Further, this region does not have a
dedicated storm drain and hence this newly proposed storm drain could be a good
infrastructure for this region as well to effectively drain the flood waters from this region. The
new route for this external drain is shown in figure 5.13. The design parameters of the
modified conduits are presented in Annexure D.
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Figure 5.7 Conduits that surcharged for 2-yr, 5-yr and 10-yr storm (Part 1)
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Figure 5.8 Conduits that surcharged for 2-yr, 5-yr and 10-yr storm (Part 2)
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Figure 5.9 Conduits that surcharged for 2-yr, 5-yr and 10-yr storm (Part 3)
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Figure 5.10 Conduits that surcharged for 2-yr, 5-yr and 10-yr storm (Part 4)
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Figure 5.11 Conduits that surcharged for 2-yr, 5-yr and 10-yr storm (Part 5)




Figure 5.12 New internal storm drain proposed to reroute the flood waters from the Thirusulam area to the outlet near Coast guard station

75| Page



Figure 5.13 New external storm drain proposed through Cowl Bazaar to redirect the flow from Pallavaram and Pammal region directly in to Adyar river without entering the
airport
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5.5 Measures to prevent back flow of flood water from Adyar River into the
airport drains
As was seen earlier (section 4.3.5; Figures 4.31 to 4.33), the storm water drains near the river
side of the airport will begin to backflow even for a 2-yr and 5-yr recurrence interval storms.
The back flow of the drains will lead to localized flooding of the airport as well as cause delay in
draining of the flood waters. In order to prevent this, we recommend installation of automatic
water level recorders at the secondary runway bridge site, sluice gates for all the storm water
drains, sumps/recharge pits and pump stations. A critical period analysis was carried out to find
the size of the pump and the volume of the sump needed to safely intercept and dispose off the
storm water. The hydrograph needed for the critical period analysis came from the SWMM
simulations for the 10-yr design storm for the Resized and rerouted storm drainage network.

While doing this analysis, it was assumed that the majority of the water draining through the
Fishnet drain from the Pammal region will be diverted directly through Cowl Bazaar area into
the Adyar river and hence will not enter the airport (See details in section 5.4). Hence, two
pump houses and sumps are proposed. These were designed primarily for Drains 1 and 2 near
the new radar station location and for Drain 5 near the Coast guard station (Fig.4.34).

The critical period analysis carried out as illustrated in figure 5.14 showed that for the site near
the New Radar station, the sump will be of dimension 150m X 60m X 4m. The total capacity of
the high volume pumps required is 25 m3/s. This pump house need to be operated when the
flood levels in the Adyar River reaches 8.5m near Drains 1 and 2 near the new radar station. A
similar critical period analysis (Fig.5.15) carried for the site near Coast guard station showed,
the sump will be of dimension 100m X 100m X 3.5m and the total capacity of the high volume
pumps required is 40 m*/s. This pump house needs to be operated when the flood levels in the
Adyar River reach 8.0m near Drain 5 close to Coast guard station.
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Figure 5.15 Critical period analysis for arriving at pump and sump size for drains near the Coast Guart Station
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These dimensions of sumps and pumps were arrived for discharging the 10-yr design storm
safely without surcharging the sump and the airport premises. For any floods higher than the
10-yr design storm, the sumps and channels will surcharge. However, continuous operation of
the pumps would ensure draining of the operational area of the airport quickly. The tentative
sites for these are given in figures 5.16 and 5.17. Hence, we strongly recommend installation
of sumps and pumps in these locations in conjunction with the installation of sluice gates for
undisturbed operations of the airport. Typical illustration of sluice gate is shown in figure 5.18.

If the flood rises above the level of the security gates, then flood barriers such as the ones
shown in figure 5.19 may be procured and installed to make the security / access gates also
water tight.

Google Eaith

Figure 5.16 Proposed site location for pump house and sump near the new radar station
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Figure 5.18 Typical sluice gates to avoid backflow through the storm drains
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5.6 Protection of critical infrastructure and emergency flood control
measures
Section 4.3.6 described about the maximum flooding depth simulated for the December 2015
flood in the vicinity of the critical infrastructure (Figure 4.37). Table 4.6 lists the HFL that has
most likely occurred near these critical infrastructure. As can be observed from this table, the
HFL of 13.315 m observed at the airport periphery is often lower by as much as 1m to the HFL
that is most likely to have occurred at some of the critical infrastructure. Hence, it is important
to make sure that the plinth and threshold levels of these critical infrastructure be raised at or
above the value shown in table 4.6. For safety reasons, it is recommended that the installation
of critical equipment be raised to a level of 15m (above MSL) to avoid the recurrence of getting
inundated during a record flood such as in December 2015.

We also suggest that the critical infrastructure, hangers, aprons and security gates at the
periphery be equipped with temporary flood barriers such as the ones shown in figure 4.56,
which may be rapidly deployed just prior to a flood event in the event of a flood alarm. To
deploy these barriers no permanent fixtures are necessary and these are generally taken down
immediately after the flood threat has passed. We suggest that a radar type automatic water
level recorder may be installed at the secondary runway bridge site and the levels continuously
monitored at a control station. When the river swells above the 9.5m mark, then temporary
flood barriers may be deployed.

aRRRRRE

e

Figure 5.19 Variety of temporary flood barriers that can be rapidly deployed just prior to a flood event
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6 Salient Findings

1.

The flooding of the airport during the December 2015 was due to much large regional
extent of the storm that brought flood waters from about 680 sq.km area upstream of
the airport, including reservoir release from Chembarambakkam, and not necessarily
due to the local flood waters from about 50 sg.km area in the immediate vicinity of the
airport. Hence, any flood prevention measures at the airport has to comprehensively
look at the regional topographical features to develop appropriate flood control
measures.

The magnitude of the floods of December 2015 is only slightly less than the flood
magnitude caused due to 1 in 100 year design storm which is as much as 3.5 to 4.5
times (350% to 450%) more than the bank full carrying capacity of the river at the bridge
site. The bank full capacity of the river at the runway bridge at the soffit level of 10.5m
was found to be range between 1,104 m>/s (38,985 ft*/s) and 1,409 m>/s (49,774 ft*/s)
depending on the channel roughness.

The hydraulic models indicate that the bridge piers of the runway bridge across Adyar
River do not have any noticeable impact on the flood carrying capacity of the river at
this section.

The December 2015 flood is a flood of unprecedented magnitude. Any structural
interventions to deal with floods of such magnitude will be massive. Hence, in order to
keep the size of structural interventions within a reasonable level, a recurrence interval
of 10 year may be adopted. Federal Aviation Administration (FAA) of the United States
recommends that the storm drainage structures within the airport can be designed for a
design storm with return period of greater than or equal to 5 years. Hence, a 10-yr
design storm for designing storm drainage structures within the airport would suffice.
Dredgening, widening and clearning of the river bed U/S of the runway bridge has
minimal impact on the river discharge capacity. However, dredging, widening and
clearing of the river section to a length of about 3km D/S of the runway bridge site,
including widening of the OTA bridge, increases the river discharge capacity by 25%
(increased discharge of 300 to 400 m?/s).

Flood bypass channel near the runway bridge site does not increase the flood discharge
capacity considerably. Hence, this is not a viable option to increase the flood discharge
at the bridge site

Flood carriage way from Chembarambakkam in Adyar to Vallipuram in Palar could carry
only a maximum discharge of about 391 m>/s due to its mild gradient (6.5cm drop over
a 1km length). This channel will have a top width of 100m, depth of 4m over a length of
75 km. As the flood carrying capacity is not much, considering the environmental,
economic and social implications, the option does not seem viable. However, a flood
carriageway such as this is required as more urbanization to the west of Tambaram
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would bring more flood waters into the airport and into the Chennai city. Hence, this
option needs to be comprehensively investigated in greater detail.

8. All the airport drains begin to backflow with water from Adyar River due to the higher
water level in Adyar even for floods caused by 2-yr and 5-yr return period design
storms.

9. Storm drains from external drains bring considerable amount of flood water from the
neighboring into the airport premises due to urbanization over several decades since
the airport construction. Further, about 9.7km of 36km of internal drains were found to
surcharge for a design storm of 1 in 10 year return period. Hence, there is a need to
consider resizing and rerouting both internal and external storm water drains.

7 Specific Recommendations
Immediate Action (Airport Authority, Chennai Corporation and the PWD)

1. Annually before the monsoon, it is most important to dredge and clear the Adyar river
to a distance of about 3km D/S of the runway bridge, beyond OTA till the check dam just
before Miot hospital. Further, we strongly recommend widening at the bridge site near
OTA. These measures alone would increase the discharge capacity of the Adyar river by
200 to 300 m3/s. Details of this are in section 4.3.8

Immediate Action (Airport Authority)

2. We also suggest that the critical infrastructure, hangers, aprons and security gates at the
periphery be equipped with temporary flood barriers such as the ones shown in figure
4.56, which may be rapidly deployed just prior to a flood event in the event of a flood
alarm.

3. We suggest that a radar type automatic water level recorder may be installed at the
secondary runway bridge site and the levels continuously monitored at a control station.
When the river swells above the 9.5m mark, then temporary flood barriers may be
deployed.

Long-term plans (Airport Authority)

4. During floods of high magnitude, the compound walls, specifically the wall section on
the U/S side of runway bridge perpendicular to flow current, encounter both hydrostatic
pressure due to the water column as well dynamic pressure due to the high velocity of
the flowing water. These redesigned sections of compound wall need to be checked for
stability to withstand this total load. See section 4.3.7 for details about the total
pressure encountered by the compound wall at different places. The complete design
of the compound wall with reinforcement would need a separate DPR.
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5. We propose a new stretch of storm water drain running parallel to the Taxiway along
A&D to divert the local storm water as well as flood discharges from Thirusulam area,
entering near the Indian Qil storage yard, toward the drain near Coast guard station.
The proposed new stretch reduces the flood load on culverts crossing the active runway,
thus avoiding resizing them. Details of this are in section 5.3. This report contains the
hydraulic design. The structural design of the channels would need a separate DPR.

6. For preventing backflow of flood water from the river into the storm water drains, we
recommend installation of automatic water level recorders, drains mouth equipped with
sluice gates, sumps and pump houses. The water level recorder would sound an alarm
at a control room when the water level reaches a certain level. In response to the
alarm, the sluice gates may be closed and the pumps may be operated. One pump
house and sump is recommended near the new radar station near drains 1 and 2, while
another pump house and sump is recommended near Drain 5 close to the coast guard
station. Further, access gates and security gates may be protected with temporary flood
barriers that may be easily deployed and removed during times of high floods to make
these vulnerable points water tight. Please see section 5.5 for details. Based on the
hydraulic design in this report the structural design and number of pumps need to be
arrived at through a separate DPR.

7. Due to the maximum water level encountered near the critical infrastructure, we
recommend rising the plinth level or increasing the threshold elevations to at least 15m
(M.S.L). If this is not possible, we strongly recommend securing these critical
infrastructures with temporary flood gates that may be rapidly deployed and removed
during times of heavy floods. Please refer sections 4.3.6 and 5.6.

Long-term plans (PWD and Chennai Corporation)

8. We propose diversion of external storm water drain from Pallavaram and Pammal
region through the Cowl Bazaar and draining into Adyar River. This diversion would
reduce significant amount of storm water load entering the airport and surcharging the
storm drains near Fishnet region. Further, the Cowl Bazaar area also does not have a
dedicated storm water drain and suffer from localized flooding during storm events.
Hence, this external diversion of storm water drain would benefit the airport as well as
the surrounding community at large. Please see section 5.4 for details. This report
contains the hydraulic design. The structural design of the channels would need a
separate DPR.

9. A flood diversion canal from Adyar to Palar as proposed in section 4.3.9 may be studied
thoroughly. Without a thorough feasibility study, the option of considering flood
carriage way to carry the excess flow from Adyar to Palar does not seem to be viable.
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Annexure Al
Methodology of UAS-based topographic survey and field survey of

river Cross sections
1. Introduction

In this interim report the followings have been presented:
a) Completed UAS surveying schedule
b) UAS survey products:
1. Orthophoto

ii.  DSM
ili.  DEM
iv. Contour

c) Topographic Survey and river profiling
2. Background

The Unmanned Aerial System (UAS) sutvey was conducted between 19/10/2016 and 29/10/2016
successfully. River profiling and other ground surveys started in August. River profiling completed on
17/10/2016. The further ground survey is underway.

3. Supporting Administrative tasks:

Several paper works have been processed for obtaining clearances by preparing and providing
supportive documents for the projects. II'T Madras provided data for SOPs, Contingency plans, flight
scheduling and others. AAI facilitated the process by working with BCAS, ATC, Collectorate, Police

and with other local administrative agencies.
4. Compliance with regard to scopes

As per the scope of the work the followings have been completed:
a) The survey area has divided into four zones (figure Al);
b) The flight plan was finalised in consultation with ATC, Airport Authority of India, Chennai;
c) Contingency plans formed;
d) Flight plan approval sheets signed;
e) A checklist as per the norms of the project has been followed;

f) UAS survey for 45 Sq. km carried out within 9 days as per the schedule sheet (table A1).

Concurrent to these above UAS survey, a ground survey team has completed surveying river (cross

section @ 129 places and a longitudinal section with topographic contours) covering 12.99 km stretch
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of Adyar river. River cross section and flood plain survey was completed in the Adyar River in the
stretch from Chennai Bypass road in the west (U/S of the Adyar runway bridge) to Mount Poonamalle
High road bridge to the North (D/S of Adyar Runway Bridge) along with the compound wall elevation

details of the airport along the river stretch.

Table Al Tasks and schedule

S.No | Work Schedule for completion Task
completion
1 Topographic City side outside the Airport premises wherever the stormwater | 90 % completed.
Survey drains are entering to Airport operational areas such as | 10 % will be
Meenambakkam  village, Trisulam area, Cantonment of | finished by
Pallavaram, near GST road etc. and discharging into the Adyar | 11/12/2016
tiver.
2 Topographic Airport premises inside the operational area. HFL Marking, canal | 20/12/2016
survey survey
3 Developing The layout of existing drainage system and cross section of the | 25/12/2016
layout of existing | drain with invert level for inside operational area and the city side
drainage system | of Chennai Airport (AutoCAD / GIS drawing).

5. Project Area

The study area including Airport and its immediate vicinity (within approximately 5km radius) was
divided into four regions so that the flight lines can be planned. Survey area covers Chennai Airport
premises (Figure Al) inside operation area/city side and outside the Airport premises wherever the
storm water drains are entering to Airport operational areas such as Meenambakkam village, Trisulam
area, Cantonment of Pallavaram, near GST road etc. and storm drain outlets draining into the Adyar
river.

The total area covered by all the clusters is 45 Sq.km. A basemap with village boundary and

taluk location was prepared (refer to Annexure-A2).

. .GgogleEarth
W 2000 N ey _.’.. alt 11,31 km

Figure Al. Project Study Area with zones and first-day flight line
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6. UAS Setup and Deployment, Data Acquisition

The survey grade UAS (eBee) deployed in this project is a small (630 grams) fixed wing aircraft that can
be assembled on site (figure 2). Once at the survey site, the flight plans were programmed into the
eMotion software, the flight plan takes into account proposed flight height, output resolution,
obstacles, topography, wind conditions and site layout.

Once programmed and launched, the flight is fully autonomous. Once the eBee is launched, it
follows the pre-programmed flight path / elevation, captuting photos at set intervals. Travelling at
speeds of up to 50km/h the eBee had a maximum flight time of approximately 40 minutes (first leg)
and 20 minutes (2™ leg) per day. On return to the base station after completing the first leg, aircraft was
relaunched to continue capture within a span of 3 minutes. The photos were then processed in Pix4D
software to form a single ortho rectified image and terrain model as per the requirement.

With the on-board Sony camera, the UAS took a collection of high-definition still images that

were used to generate Ortho airphotos, DSM maps and contour lines of the surveyed area.

Complete Solution: from hardware to software

5. Very light & hand-launched:
Easy take-off and landing, no
additional equipment required

1.Fully autonomous:

Specifications Our UAV Drone flies by ifself,

x from take-off to landing
Very light UAS (500 to 630 grams)
Fully automatic flights (with eMotion2) 2
No launch system (launched by hand) - Automatic safety &
Easy processing of acquired data (with | @Mergency i
Postflight Terra) procedures: Includes wing
User-friendly, easy to carry detection. complete

sensor health monitoring
and inteligent failsafe
behaviours such as
ground avoidance and
return to home

6. Accurate & efficient:
UAV collects aerial
photography of areas up to
10sg.km in a single flight

3. Optimized
aerodynamic profile:
Maximum flight
stability and

endurance 4. Ele

geiric powered:
Low noise level, no pollution

02CONDUCT YOUR ON 03 CREATE MAPS AND MODELS

a5

eMotion -
B

Figure A2.Specifications of Survey Grade UAS.

6.1.  Flight operation and safety management
A stringent Safety Management System was maintained. As a policy, it was operated within the pre-
determined take-off and landing areas. Adequate precautions were ensured with regard to UAS
launching and landing position such that, it will not inadvertently cause any injury to others or damage

to property. Personnel involved in piloting the USA have the highest regard to having a safe operation
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and have undertaken the training to ensure all risks are minimised. Further, the UAS is also very light
weight (750g when fully assembled with the camera and accessories), made of thermocol material;

hence, should an accident occur, will not cause serious injury or damage.

6.2. Designations and Responsibilities for UAS operation
Three different groups of well-experienced resources and crews were set up.
a) Ground Station Crew (GSC)
b) Pilot in Command —PIC and
¢) System Operator-Software (SOS) for controlling the missions listed below:
Ground Station Crew (Director): Familiarity and operations of the aircraft; Familiar with the
construction and configuration of UAS; Familiar with GPS/UAS electronics and configuration;
Familiar with field repair procedures for each UAS; Familiar with the latest revision of ground control
and image processing software; Understands the inherent risks of being in the vicinity of flight
operations.
Pilot in Command (PIC): Physical handling of UAS, Mission Controller, on the field operation,
Health of UAS, controlling Pilot At Controls (PAC) stationed at ATC, SOS, Ground System Crew
(GSC), Familiar with the construction and configuration of UAS, Familiar with field repair procedures
for each UAS, Familiar with the latest revision of ground control software —e.g eMotion
System Operator-Software (SOS): In-house planner, the software operator, controlled by PIC and
PAC, No physical handling of the UAS, Monitoring the flight on a mission, who is familiar with
GPS/UAS electronics and configuration.
For the current shorter mission, PIC was allowed to do the role of PAC, GSC and as an observer. The
PAC role was controlled by IIT and ATC team

The project was executed with three constraints formulated on requirements of project as

shown in figure A3.

Flying UAV over Airport:

With 3 Constraints but Efficiently
completed

HEIGHT
RESTRICTION

Altitude
355m

Figure A3 Current constraints for UAS flying
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The mapping workflow (Figure A4) consists of the definition of the preparation phase, flight
planning, autonomous flight, quality check of the data, data processing — determination of the flight
trajectory. For the automated data acquisition, the flight trajectory of the UAS has been calculated in
advance (Figure A5). Project parameters like object type, output data, camera sensor, type UAS and
flight restrictions are standard project parameters.

] Preparation ——————

« Study about scope of the project

* Project Parameters analysis

+ Obtaining basic data for the study area
« Preparation of UAS System

==d Flight Planning ————————

+ Data parameters finalisation (GSD)
+ Flight parameters (altitude, number of flight lines etc)
+ Flight Mode (mono or stereo)

md  Operation ———————

* Flight operation and data acquisition

wd Data processing & Products Generation ———————

* DSM
« Ortho Images

wad  Application ———

« Add value to the products based on the project aims

Figure A4. Workflow for UAS data acquisition and processing.

Figure A5 shows flight lines. A total of 64 flight lines covering 350 km were used to cover the project
area. The flight lines were designed with 60% to 70 % overlap to have dense cloud points and dense
DSM. Care was taken to ensure that the first flight in a day should be longer (40 minutes) with more
flight lines, and the second leg with 20 minutes to complete the four regions. However, the region 4
(Officers Training Academy — OTA) was not covered as the permission is still awaited from the

concerned authority.

Figure A5 Flight plans used to capture data
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After making all the flight lines, a standard procedure of meetings was followed as shown in figure A6.

Pre flight
Discussion

\

Figure A6 Daily procedure followed pre and post flight (ATC=Air Traffic Control)

Then a daily operational procedure has been formulated as shown in figure A7. Table A2 shows

13:30 Preparing UAV

14:39 Checklist Drill Monitoring the fligh 13:50 Checklist Drill

1) AtBase Station
&2} ATC

i

14:00 First flight Lav

Second Flight Preparation

Figure A7.Flight planning and monitoring by four steps.
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Table 2. Table of UAS flight programme used for pre-Drone launching approval

UAS FLIGHT PROGRAMME
UAV TYPE - Category of UAS - UIN | eBee - Civil Micro - NA
DATE | 20-10-2016 [ ETD 14:00 IST
REMOTE PILOT STATION/POINT OF DEPARTURE FLIGHT ID FLIGHT RULE vs 1| PAYLOAD
I MNew Fire Station VLOS
REMOTE PILOT STATION CONTACT DETAILS
REMOTE PILOT STATION/POINT OF LANDING New Fire Station
CRUISING ALTITUDE | 1000 Ft ] CRUISING SPEED 10.5m/s
WAY PL1 WAY PL.2 WAY PL3 WAY Pr4 WAY PL5
AREA /
R .
out prbe WAY PL6 WAY PL7 WAY PL8 WAY Pt9 WAY PLI0
Followed
1 WAY PL11 WAY PL12 WAY PL13 WAY PL14 WAY PL.15
2
3 WAY PL16 WAY PL17 WAY PL18 WAY PL19 WAY PL.20
5
DURATION OF FLIGHT / POWER BACKUP | /45Min
DGCA Approval: 05-13/ 2014-AED-Vol-11I dated 31+ May, 2016 — MAX All Up Weight: 750g
|.vg(-lld - A: AREA D: DAY (1 TO 10y F: FLIGHT MNA: NOT APPLICABLE Coordinates: WGS 84
1. Met Briefing obtained: 2

2. Thereby undertaking the responsibility of operating the UAS within the Civil Airspace only and the information provided as above is
true to the best of my knowledge

Signature by IIT (M)
Verified by Core Team Leader:

The flight programme as mentioned above is duly accepted considering ATM point of view & accepted by:

Approved By:

7. Data Post-Processing & Final Product Presentation

Initial image quality check was carried out at the end of each acquisition and submitted earlier. By using
Pix4Dmapper Pro a quick Quality Report directly after the field works was generated and submitted.
After the drone landed, data was imported into eMotion, to perform local processing in Pix4Dmapper,
and a quick quality report was generated. Pix4Dmapper's workflow is fully automated (figure AS).
After initial processing, orthomosaics, 3D digital surface models (IDSMs) and 3D point clouds from
UAS’s images were generated. The software handled all the necessary calibration and processing to give
survey-grade accurate outputs.

An overview of the foundations and necessary steps in post-processing aetrial imagery is
provided in figure A8. For the automated flight the autonomous data triggering, camera viewing angles,
the position and orientations of the sensors have been stored on board. For quality control, the defined
and acquired data acquisition points/trajectories, as well as the ground coverage, have to be compared

and validated.
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3 main processing steps

P!

Step 1 initial processing Step 2: point Step 3: DSM and orthomosaic

Images densification Point clouds

=> calibrate cameras Calibraled cameras => DSM and orthomosaic
=> point clouds

“"ﬁ‘?@ﬁﬁ MM

Figure A8 Main steps in data processing

Prxm

The position and orientation data are generated by the navigation unit of the UAS, which was

improved by bundle adjustment and direct georeferencing using control points (which will be done
soon).

Finally, out of the acquired raw data products, orthoimages (Figure A9a), DSM (Figure A9b),
DTMs (Figure A9c), and DTM contour maps (Figure A9d) have been generated.

a. Ortho mosaic
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Digital Surface Model

b. DSM

Digital Terrain Model

T

Y
-

Wi
T
-

) o 3 ; . Emm Hioh: £2.4890

c. DTM

Annexure Al Page 9 of 18



Survey Grade UAS for Airport Topographic Mapping project

DTM Contour of Study Area “®l

d. contour- DSM
Figure A9 Processed data products a) mosaic Orthoimage b) DSM c¢) DTM d) Contour (DTM)

8. Completed Project Phases

Summary of the completed project phases is illustrated in Figure A10. UAS and the topographic
project involved the following key phases, from start till the end is summarised in Table A3. Table A4

shows up a summary of the mission completed.
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e,

350 KM
LENGTH |
.45 sq.km
COVERAGE
18
W FLGHTS
- 350m
AVG.FLIGHT ALTITUDE
1hr: |
AVG.FLIGHT TIME
|_. T0/60 %
IMAGE ovsnupt’]
251 .
IMAGESINTOTAL | veoo vt ecT
GCPS
IHR PERDAY. TOTAL9 DAYS
FLYING DAYS
— 7
DAYS DATA PROCESSING
) T o
'MONTHS (DATA DELIVERY) 10 em
| GSD
10-15cm
AVG.ACCURACY |

Figure A10 Summary statistics of UAS survey completed

Table A3 Completed project phases

Phase Phase Description of Phase Status at the time of this
No. report
I Mobilisation | Finalise the project charter, contract agreement, | Completed
phase obtaining statutory permissions, on boarding.
II Ground GCP Placement, Topographic survey at 20 % pending
Survey Selective locations
I1I Data This phase involves collection of data using A) 60% completed
acquisition A) Ground topographic survey for GCP B) 90% completed (70% pending
collection, Topographic survey using TS at as delay in grant of OTA
selective places identified by the client permission)
B) Survey grade UAS.
v Processing of | Processing for features, DSM, DTM and Ortho | Completed
Data images extraction
A\ Final Phase Final report submission, Data submission in UAS survey products

desired format.

submission completed
Ground Survey for River and
channels completed.

Annexure Al
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Table A4 Survey summary

PROJECTI[AAI-IIT-SAKURA 10/2016 APPROVED BY: (NAME, SIGNATURE &
SITE Ci}i%?g.lbl'gamilnadu
ALELT SRV {enee
PLAN LOG ALTITUDE|350 m
UAV CONTROLLER|Mr Nishadh S |Mobi|e 9791562466
SOFT.ENGINEER|Mr Palanikumar K |Mobi|e 9003166941
DATE OF No. of
S.NO DAY ACTUAL HOME STATION LOCATION | 1} (61T I RL(JS,AJ g Flight ";(el?n%t) No of Phots
OPERATION Latitude Longitude o Lines
1 1 19/10/2016| 12°59'26.73"N | 80°10'23.48"E |A1-D1-F1 00:30:00 2 22.2 186
2 1 19/10/2016 " " Al-D1-F2 00:30:00 2 21.5 112
3 2 20/10/2016| 12°59'38.39"N | 80°09'56.60"E |A1-D2-F1 00:35:00 3 25.6 166
4 2 20/10/2016 " " Al-D2-F2 00:20:00 1 14.5 54
5 3 21/10/2016| 13°00'03.87"N | 80°09'45.46"E |A1-D3-F1 00:37:00 4 27.2 196
6 3 21/10/2016 " " Al-D3-F2 00:19:00 2 14.3 87
7 4 22/10/2016| 12°58'47.32"N | 80°06'35.47"E |A3-D4-F1 00:37:00 3 27 190
8 4 22/10/2016 " " A3-D4-F2 00:22:00 6 16.7 94
9 5 23/10/2016| 12°59'11.63"N | 80°09'13.52"E |A2-D5-F1 00:23:00 3 17.2 82
10 5 23/10/2016 " " A2-D5-F2 00:29:00 6 21.8 155
11 6 24/10/2016| 13°0'27.55"N | 80° 9'29.17"E |A1-D6-F1 00:34:00 6 24.7 174
13 7 25/10/2016| 12°58'48.81"N | 80° 6'36.22"E |A3-D7-F1 00:32:00 6 24.5 174
14 7 25/10/2016 " " A3-D7-F2 00:21:00 3 16 81
15 8 26/10/2016| 13° 0'3.87"N| 80° 9'45.57"E|A1-D8-F1 00:18:00 2 13.7 82
16 8 26/10/2016 " " A4-D8-F2 00:30:00 5 21.6 153
17 9 27/10/2016| 12°59'26.24"N| 80° 7'28.83"E|A2-D9-F1 00:35:00 7 26 187
18 9 27/10/2016 " " A2-D9-F2 00:20:00 3 14.8 84

SUMMARY 7:52:00 79| 349.3 2257
NOTE: Battery Change tim«  00:30:00
A) Flight plans should be attached along with this flight log Total Time 8:22:00

B) Should be approved by the executing agency
C) Fill up the yellow boxes
D) Red Color boxes showing survey not done yet(OTA)

9. Steps followed for processing UAS photos, Quality and accuracy

Automatic generation of high-quality, dense point clouds from digital images by image matching is a
recent, cutting-edge step forward in digital photogrammetric technology. The major components of the
system for point cloud generation are a UAS imaging system, an image data collection process using
high image overlaps, and post-processing with image orientation and point cloud generation.

The photogrammetric processing line provided dense and accurate point clouds that followed the

theoretical principles of photogrammetry.

The following steps available in Pix4D were used to obtain good data to achieve the best results.
Step 1.

Configuring the Camera Settings

Getting GCPs in the Field or Through Other Sources (Pending)
Step 2.

Importing the Images

Configuring the Image Properties

a. Selecting Image Coordinate System —WGS84
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b. Importing Images Geolocation and Orientation from the drone
c. Editing Camera Model —Used the RGB Sony

4. Selecting the Output / GCP Coordinate System

5. Selecting the Processing Options Template

Step 3.

1. Initial Processing

2. Analysing the Quality Report

3. Point Cloud and Mesh

4. DSM, Orthomosaic and Index

9.1.  Quality Check

1. Quality Check
Verified that:
All the checks are green.
All or almost all the images are calibrated in one block.
The relative difference between initial and optimized internal camera parameters is below 5%.
(optional)
If using GCPs, the GCP error is below 3XGSD.

(Positioning accuracy achieved is less than 30 cm withont GCP)
2. Preview
For projects with nadir images and for which the orthomosaic preview has been generated, verify that
the orthomosaic:

Does not contain holes.; Does not have distortions.

Figure A11 Orthomosaic and the corresponding sparse Digital Surface Model (DSM) before

densification
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3. Initial Image Positions

Verified that the initial Image Positions figures corresponds to the flight plan.

-
-
-

=

Figure A12 Top view of the initial image position. The green line follows the position of the images in time

starting from the large blue dot.

4. Computed Images and overlaps

Number of overlappingimages: 1 2 3 4 5-

Figure A13 Number of overlapping images computed for each pixel of the orthomosaic.

Red and yellow areas indicate low overlap for which poor results may be generated. Green areas
indicate an overlap of over 5 images for every pixel. Good quality results will be generated as long as
the number of keypoint matches is also sufficient for these areas.

5.DSM, Orthomosaic and Index Details

DSM and Orthomosaic Resolution 1 x GSD (9.77 [em/pixel])
DSM Filters Noise Filtering: yes
Surface Smoothing: yes, Type: Sharp
Raster DSM Generated: yes
Method: TriangulationMerge
Tiles: yes
Orthomosaic Generated: yes

Merge Tiles: yes
GeoTIFF Without Transparency: no
Google Maps Tiles and KML: no

Contour Lines Generation Generated: yes
Contour Base [m]: OElevation Interval [m]: 0.1Resolution [cm]:
10Minimum Line Size [vertices]: 20

Index Calculator: Radiometric Calibration Generated: yes
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Min Error and Max Error represent geolocation error intervals between -1.5 and 1.5 times the
maximum accuracy of all the images. Columns X, Y, Z show the percentage of images with geolocation
errors within the predefined error intervals. The geolocation error is the difference between the initial
and computed image positions. Note that the image geolocation errors do not correspond to the

accuracy of the observed 3D point

9.2. Accuracy with UAS data
The accuracy that is achieved without GCP in X and Y is about 30cm and in height (Z) about 60 cm.

10. Topographic Surveys

Leica Auto level and total station were used for carrying out the drainage elevation and alignhment and
transfer of reference levels from a specified Survey of India Bench Mark. This instrument has a
telescope length of 215 mm and a maximum focusing distance of 2000 m. It has the levelling accuracy
of * 1.0 mm for 1 km double run levelling. Using AutoCAD, the measured cross sections will be
processed and presented.

DGPS Sutvey has been conducted in WGS 84 spheroid, and coordinates are in terms of Universal
Transverse Mercator (UTM) Projection for Zone 44. Trimble DGPS SPS 855 was used for
measurements. Trimble SCS900 Site Controller Software make the SPS855 easy to use, fast to setup

and more productive on the job.

10.1. Channel Surveys
A survey of the stream channel is a critical component of the monitoring activities and provides a
reference for other measurements and photographs. Replicate channel surveys with a common datum
and coordinate system will enable detection of a geomorphic change that might occur as a result of
scour, bed-material aggradation, or lateral channel migration due to recurrent floods.

Total-station survey with a survey-grade GPS survey was adopted for channel monitoring. The
channel survey produced location (Northing and Easting) and elevation data that can be used to
quantify longitudinal and cross-sectional characteristics of the reach (figure A14). These data also can
be used to generate topographic maps of the reconfigured reach, the streambed, gravel bars, banks, and
low terraces. Miscellaneous features, such as levees, diversion structures, habitat-enhancement
boulders, and bank-protection structures also can be surveyed.

Figure A1l shows a plan view of a typical channel survey. The survey was referenced to WGS 84

datum and UTM44 projection and coordinate system corrected to SOI benchmark.
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Plan View of a Channel Survey
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Figure A14 Plan view of a channel survey

10.2. Cross Sections

Channel cross sections were physically surveyed, oriented perpendicular to the bankfull flow and were

spaced up and downstream along the channel length at an average of about 3 to 6 times the mean
bankfull channel width (figure A14).

10.3. Section Survey Method
Section surveying is an important part of river survey. It included profiles survey (equal to mid-stake
survey in concept) and cross-section survey. The section surveying method was undertaken by level,
transit stadia and direction set plus poles.

Here opposite side surveying is used in watercourse section survey. Watercourse cross-section
surveying is referred to the river-crossing levelling over two banks of the river/drainage. So, that even
if two sides of the mainstream/drainage have invisibility, either the river-crossing levelling, or two
levels with tower tapes could be used.

Method followed in the project is described here: As in Figure A15, an open control point was

found like C3 near the section to be surveyed then the station was set. The height of the station and the
prism were given as an input. The internal procedure of radiation surveying function in the total station
was used. The seventh mid-stake Z7 as the first target point of the section was taken and then aimed at
each section point on the left side of Z7 in sequence to perform the surveying, during which the
horizontal distance and difference of elevation from each section point to that of the mid-stake were

obtained. Similar procedure was repeated to the right side of Z7 to complete the section.
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Main Stream

C3

Figure A15 Diagrammatic sketch about section point measuring of the section surveying

If the next section is needed to be surveyed in the following time, the instrument over the station
doesn’t need to move, as the station and the section point are intervisible, so that aim at the mid-stake
in the next stake to take it as the first target, then survey the other section points in sequence. In that
case, multiple sections can be surveyed by setting only one station, thereby to improve the efficiency
greatly.

In longer reaches, the cross sections were located in subreaches that are representative of the whole
reach. Cross section spacing is determined by site-specific considerations. Cross sections was spaced
wider apart where the channel is uniform (has little curvature, similar cross-section shape, same grade,
same roughness) and was spaced more closely where the channel is irregular (width or slope vary
abruptly, islands or bends are present, roughness varies), near bridge abutments and piers.

Survey shots along the cross section are in a straight line (under a stretched tagline or along a
navigated course between two GPS-located endpoints) and is made at about 30-40 locations between
the banks. Closer spacing was used when there is great streambed irregularity, and wider spacing when

the streambed is more uniform and on the flood plain (figure A16).
7385

Cross Seclion Survey Plot
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- Barkfull elevation
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Figure A16 Typical cross section survey plot
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10.4. Longitudinal Transect Surveys
Longitudinal channel transects define the downstream slope or grade, and identify, for mapping
purposes, the edge of the water, bars, banks, and other topographic features. These transects could
include the left and right edge of the water, the deepest part of the channel, the left and right banks, the
tops of gravel bars, levees, and terrace scarps. Features surveyed will vary from reach to reach.
Longitudinal transects do not need endpoint monuments because their location will change from year
to year in future resurveys and because shots of them are referenced to the channel survey northing
and easting coordinates. The spacing between longitudinal transect shots can be wider than for the

cross-section shots.

10.5. Accuracy of Topography survey (ground)

The accuracy achieved in the topography survey (ground) in X and Y is about £10mm and in elevation
(Z) about £0.9mm.
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Annexure A2
Maps and Photographs

1. Basemap prepared for the project

[~ -

L] 550 1,100 2,200 Meters




2. Sample Data

AIRPHOTO AND DSM
ADYAR RIVER BRIDGE

DSM
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SUBTLE ELEVATION VARIATIONS PICKED
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3. Location of cross sections survey at 129 places along Adyar River
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4. Ground Survey Processed Data

ADYAR
:1=2500

RIVER RUNWAY

SURVEY
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5. Ground Control Point Locations Inside Airport
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6. Field Photos

WP_20161027_014 WP_20161027.013 WP_20161027_012 WP_20161027_011
9

WP_20161027_010 WP_20161027_009 WP_20161027_008 WP_20161027_007

WP_20161027_006 WP_20161027_005 WP_20161027_004 WP_20161027_003

IMG-20161006-WADO20 IMG-20161006-WADD22 IMG-20161006-WADO23

Item type: JPEG image
Rating: Unrated
Dimensions: 720 x 1280
Size: 184 KB

IMG-20161006-WAD024 IMG-20161006-WAD0O25 IMG-20161006-WAD026 IMG-20161006-WAD027
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IMG-20161112-WADD43 IMG-20161112-WADD44 IMG-20161112-WADD45
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IMG-20161112-WANM1S
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IMG-20161111-WADO12 IMG-20161111-WADD15

IMG_20160624_122245 IMG_20160924 122253

| Item type: JPE
Date taken: 24/0
Rating: Unrated
Dimensions: 3264 x 2448
Size: 3.61 MB

-
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Annexure A3

Template of check lists for UAS Survey

1. Template of check list adopted by IIT Madras

Date:

Items to check prior to leaving II'T Madras campus:

Check (V) / Remark

Are the two batteries of drone charged full

Are the wifi dongles and Cell phones charged full

Are the laptops charged full

Is the Camera SD card inserted properly and has adequate space

Is the camera lense clean

Are the airport security passes for all team members in their
possession

Is the vehicle pass available in possession

Does the base station team have copy of the agreement and
paperwork in their possession

Is the backup hard disk ready

Water bottles and cap

Name:

Signature:

Leave the campus at 10:00AM

Items to check at the flight planning session at AAI

Are the flight lines away from sensitive ground features by a safe
distance

Is the flight duration based on simulation within 60 minutes

Are the flight plans saved

Name of flight plan filel: Duration:

Name of flight plan file2: Duration:

Name:

Signature:

Leave for base station at 12:30 PM

Items to check at the base station / ATC Station

The following checks should start at or before 1:00PM between
base station and the ATC tower station

Are the cell phone signals available in at least one of the wifi
dongles and screen can be shared with the base station

Do a flight simulation of the planned flight line for the day and
share the screen at ATC for checking if it is working fine

Hibernate or put the system to sleep after check

had

Is the camera SD card inserted properly

>

Is the camera lense clean

Is the camera inserted properly in the drone




6. | Are the drone batteries inserted propetly

7. Is the drone powering up
Switch on the base station system and ATC system and do the
same checks at 1:45PM
Drone Launch time 1: Landing time:
Drone Launch time 2: Landing time:
Name:
Signature:
Items to check after the flight at the planning room

1. | Download the images to the system

2. Download the images to the harddrive backup of ATC

3. | Download the images to the harddrive backup of II'T madras

4, Do the flight planning for the following day

5. | Are the flight lines away from sensitive ground features by a safe
distance

6. Is the flight duration based on simulation within 60 minutes

7. Are the flight plans saved
Name of flight plan file: Duration:
Name of flight plan file: Duration:
Name:
Signature:
Items to check after coming back to II'T Madras

1. | Download the images to the workstation for preliminary
processing

2. | Run the quality check in the process software

3. Delete the images from the SD card of the drone camera

4. | Put the drone batteries to charge

5. | Put the laptop to charge

6. Put the dongles to charge

7. | Put your mobile phones to charge

8. Check firmware updates for the drone

Name:

Signature:




2. Template of check list adopted by ATC, Chennai

QP for UAS (Orone] Operations for Aeri 24 /3008
UAS OPERATION PRE FLIGHT CHECKLIST Annexure 11
['sl. No. Description o Time,/ Action | Remarks N
| - — | s—— —
Flight Programme Submitted | 165 | [
[ e O
Tower Supervisor 2215 ll
"4AFMLU /215 '
i— 2 Airport Fire Station o __:
f T e AT - — =
3 UAS Tracker Connectivity Check | 7
| Walkie-Talkie connectivity/Range Check (TWR & | e ' _|
|
Base) |
Verification of the Base Station coordinates with | a ]
| the Physical location of Base Station, |I |
[ . Availability of CISF/police personnel at Base | ]
5 : v
| Station r
6 Verification of Sector prior to upload v —|
7 | Verification of Altitude of the flight o7 |
8 UAS Tracker Calibration Accuracy in Tower E 12 |
}__; ' UAS Tracker Calibration Accuracy at Base o
| Station | ‘
|10 Uploading of Sector into UAS == [ j
[ 11 Time Departure of UAS T
| PR AT 10 s ,
B Maulakilly g 4-“"'2?”."‘ v
ARF R Boge Hotior .

| Signatu[fc of Ijl'_l}'(M i Signature of Core Team
| BLAEENAUTETT
T, OF. BALAJI NA IMHAN

\__WE g “rri
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Annexure 11
UAS OPERATION CHECKLIST PRIOR TO COMMENCEMENT
Date: 84 /7¢) 201 Period of Activity /Zp@0- ASV8 BT
SI.No. | Description ' [ Time/ Action [ Remarks
1 ["Core Team Assemble Time -
. [050 |
"2 | Proposed ETDs of UAS o . ‘
. | Ihoe Jhp24y |
3 R yin U
2 unway in Use - gom{_ | I
5 Mcteorological Forecast ] |
| — | s o
6 | VVIP Movement Yy | .
7 MmainSector  HRWYIF ﬁf'ﬂ';‘)'ﬂ il 1
| = g7 0F 2y B
'8 | Alternate Sector | . .
|
|6 Flight Programme Planning YEQ J |
[7 Instruction to UAS Coordinator (T ower/Base Station) | IWNL; ' [
o Orefolvie
8 Availability of AEP with Base Station personnel £ .
| |
9 Availability & Serviceability of Walkie-Talkie o [ .
| |
10 Availability & Connectivity of Tracker (Tower [ Base) | /
i [ Coordination with Other T | |
i ! Agencies(OTA/CG/CMRL/Tambaram) as applicable NB | |

Submitted for approval by GM(ATM-CH) '

’/A/(_/g. et WRiE D 2/2 '

Signature of IT Iﬁﬂ]},ﬁh&ﬁ"‘ﬁhtﬁ ASIMHAN Signature of Core Team

| AT,
The flight Prograihﬁié"_i&qﬁﬁéﬁéd from Chennai ATM point of View subject to the conditions specified
under SOP for UAS operations. ‘

|
Signature of GM(ATM-CH) [
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Hr T

B UAS FLIGHT PROGRAMME - - ]
UAV TYPE - Category of UAS - UIN [ eBee - Civil Micro - NA ]
DATE l 24 —jo -Qelf, ' ETD ‘ 14: 006 18T
REMOTE PILOT STATION /POINT OF DEPARTURE FLIGHT ID FLIGHT RULE vs T4 PAYLOAD
R0 0G0y o e gy A o P\-D7 - F2-1 4 VIOS | 6568ly ~ | mediie o]
REMOTE PILOT STATION CONTACT DETAILS | 4 93b03LRTI3, 491 TNUSE 2466, +9) 651640y
REMOTE PILOT STATION/POINT OF LAN DING | Pom~ o dee/Lawsine Skme
CRUISING ALTITUDE 1000 P+ CRUISING SPEED /0.5 m /3
WAY Pt.1 WAY Pt.2 WAY Pt.3 WAY Pt4 WAY Pt.5 2Lées
AREA/ 13 oo 3. LN 7 12 59 h1.2¢N - o2 59 Qé-3L N — 18 oo B3R 4 -
Routetobe 82 10 01988 7 | &6 07 52.008 4 $p 07 50.5¢£ ~ &0 09 52./0F -
WAY Pt.6 WAY Pt.7 WAY Pt.8 WAY Pt.9 WAY Pt.10
Followed
@ WAY Pt.11 WAY Pt.12 WAY Pt.13 WAY Pt.14 WAY Pt.15
2 e — — — —
2 WAY Pt.16 WAY Pt.17 WAY Pt.18 WAY Pt.19 WAY Pt.20
5 - — — — —
DURATION OF FLIGHT / POWER BACKUP | 22 Min - /45Min
DGCA Approval: 05-13/2014-AED-Vol-1II dated 315t May, 2016 - MAX All Up Weight: 750g |
Legend - A: AREA D: DAY (1 TO 10) F:FLIGHT  NA:NOT APPLICABLE Coordinates: WGS 84
1. Met Briefing obtained: 2,
2. Ihereby undertaking the responsibility of operating the UAS within the Civil Airspace only and the information provided as above is
true to the best of my knowledge A - (L/___/
% Signature by I1 Ty q‘f%m HAN
Verified by Core Team Leader: > E ) /e g 0 RN N

T SRNIE / Ass

Pre

B NE

The flight programme as mentioned above is duly accepted WTM point of view & accep'ted"'byl:-

ym
Approved By: E#h%/ R-Sra >R Am



Pt T

UAV TYPE - Category of UAS - UIN

UAS FLIGHT PROGRAMME

eBee - Civil Micro - NA

DATE 24102006 ~ ] ETD 2y \8F ~
REMOTE PILOT STATION/POINT OF DEPARTURE FLIGHT ID FLIGHT RULE ¥s T PAYLOAD
S 09 0115 p . | L et Ry M-D7-F1 7 VLOS -~ 558 Fls 7| 106 Grows -

REMOTE PILOT STATION CONTACT DETAILS

¥ 240388713,

NI TF 562544

121 900318694/

REMOTE PILOT STATION/POINT OF LANDING

PAnk of Depl Lpusine, shw 2

ShEes

CRUISING ALTITUDE 000 £+ CRUISING SPEED /0.5 m)e
WAY Pt.1 WAY Pt.2 WAY Pt.3 WAY Pt4 WAY Pt.5
AREA / 13 00 |p.ce N -~ 13 00 513N -1 )3 co K1.-75N ~ 1% oo &9.{enN ~ 13 60556 N~
Route to be 80 07 a3.82E~ | @5 09 I2.68 E- 8o 09 I§.23/F - go ol ho-¢eSE ~ R0 07 A.ARE <
Followed WAY Pt.6 WAY Pt.7 WAY Pt.8 WAY Pt.9 WAY Pt.10
Rowe )3 60 hS.06N — 13 66 409N -] 12 59 ST-T9N = j2 59 53.4aN — 12 Go 25 .76N -
Fs o9 2T £ Bo 09 23346 4 RO 07 nL.4AE - Bo 07 bLhét.2bLE £0 069 Li.oRe ~
CD WAY Pt.11 WAY Pt.12 WAY Pt.13 WAY Pt.14 WAY Pt.15
2 ol — = —— —
z’ WAY Pt.16 WAY Pt.17 WAY Pt.18 WAY Pt.19 WAY Pt.20
5 —_— —_— Sl - —
DURATION OF FLIGHT / POWER BACKUP ] 2% Min - /45Min

DGCA Approval: 05-13/2014-AED-Vol-111 dated 31% May, 2016 —

Legend - A: AREA D: DAY (1 TO 10)
1. Met Briefing obtained: 2

2. Ihereby undertaking the responsibility of operating the UAS within the Civil Airspace only and the

ignature by IIT (M)

r. BALAJI N/

true to the best of my knowledge

Verified by Core Team Leader:

Approved By: :g%ﬁﬁy\/‘
sey
26 [ x i

F: FLIGHT

2‘?5??1"’

The flight programme as mentioned above is duly accepted considering ATM point of view & accep

MAX All Up Weight: 750g
NA: NOT APPLICABLE

2. o e Bradea

Coordinates: WGS 84

ormation provided as above is

=l masl AU

b

ASIMHAN
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Annexure - 11

UAS OPERATION CHECKLIST - AFTER COMPLETION OF FLIGHT

SL | Description Time/ Action Remarks
No.
K | Flight Path Conformity Check 1
2 Airspace Boundary Violation Check “ \)—
Interference with Navigational Aids ’ T -
, [MsLZGP T N -
. | VOR : | o
DME | L
Surveillance Facilities Py )=
4 | ELSDIS- MSSR, PSR
| RFLINK ik
5 | Return Home -
I_{’ﬂ Link Failure between Base and UAS ”;‘__ S
7 | Crossing Sector Boundary N1
8 Level Deviation | n -
9 Lateral Deviation | o B
10 Avoidance of pre- -selected area l I\' 13
|11 | Dynamic Avoidance of a designated area after o~
[ assigning a particular airspace.
12 Bird Menace | PN ==
13 Safety to other Aircraft Opera_l.ions o iy K{fk ) o
|14 Safety Infringement s
[ 15 Any other including contingency P |
16 UAS Landed Time L@ Mk
i_l? Survey Data Collection B | ) JZ __ __i_ o _
28 | Hand Harldmg over of Data Collected . vBs |
| 29 | Wind Winding up of Base Station 50 |
[ 30 Physical Identification of Next Day Base Station e |
3 Departure from Operational Area by Base Station ]/EJ '
| Personnel |
32 Core Team Reassemble at ATS Conference Hall ')"‘E} '
33 | Planning of Next Day Activity ' YES
34 | Q‘lhcr Obgvervations: B N},L_.\_ 1 o
5 |Logenny | I
= —

11T (M) I’erson:Z/ AAI Civil Personn }M(P

0]
¢ ‘) 5
l/ﬂ\//—ﬁfatatoﬁ/mﬁ %
T Dr. BALAJI NARASIMHAN Core Team Lead 2 *fﬁ

S0
" q; | Asscclate Profes
Thu AL, S

j haT ¥

Depariment of Civi E"lglr“‘ernq

' Page 12



1. Template of check list adopted during the the UAS survey on the field

Operational Checklist

S.No

Task

Flightl

Flight2

Flight3

Flight4

Flight5

Flight6

Flight7

Flight8

Flight9

Flight10

Assemble Drone

Open eMotion Software( Real Drone
Connector)

Connect Radio link Modem

Upload Flight Plan (SetupPhase TAB)

| |w (N

A. Mission Area Load

B. Check for Flight Altitude Parameter &
Resolution

Check for Working area radius

Security Action uncheck Rc Signal & 30 Sec

Yol e RN e))

Ground Camera Check On in Camera tab

10

Check for Full or Half Flight

11

If Half Flight check for Start Waypoint Camera
On

12

Check For Flight Altitude Parameter

13

Check for takeoff and landing Direction

14

Ensure is Battery Is installed

15

Check for Flight plan saved to drone




Annexure A4
Copies of permission letters

1. One time NOC from Ministry of Home Affairs, Gol

/03 2018 5 58BN F&X  +81 11 24611104 MEXBER (PLANNING), AAI @oon
SECRET
T No 1i/20034/236/2016-1S-11
[ ; Government of India
[ (.u s \ Ministry of Horie Affairs
{ : e 1S-! Division (IS-1I Section)
- ] / North Block, New Delhi

;‘,1 Mﬂ} g Dated: the py Gept 2016

_Eﬂs_ﬁhﬂ_oﬁup_l.!h@ M\‘)\‘%ﬁ%

A?’ ﬁ] I%ub Cne time no objection for operation of UAS for Aerial Survey in
qﬂ and around Chennai Airport — reg.

The undersigned is directed to refer to Mio Civil Aviation's OM No. AV-
24011/18/2016-AAl (115854) dated 01.07.2016 on the above subject and to
convey “No Objection” for operating UAS (for one-hour maximum for 10 days)
for conducting the aerial (Drone) survey by IIT-Madras in and arcund the
Chennai Airport subject to the following conditions in addition to conditions laid
down by the DGCA in permission granied vide letter dated 30.06.2016 (copy
encicsed): -

{i) UAS operations shouid be carried out strictiy by the officials duly
authorized by AAI/IT Madras;

(i)  Ceoncerned District Authority should be informed about the proposed

UAS operation well in advance so that they can also associate themselves
in monitoring the same
, \

(R.N. Singh)
wry of Civil Aviation

‘Under Secretary to Govt. of Incia
{Shri KV Unnixrishanan, Under Secretary),

‘B’ Block, Rajiv Gandhi Bhawan, AlUm{O -y o
New Delhi — _Ei'_: Ao t
Copy to: i'w v R.J

Direstor General of Civil Aviation, ; e

(Snri Lalit Gupta, Jt. Director General) 0\ 2 \'b

Opp. Safdarjung Airport, Newv Delhi-3. Jueats)




2. One time NoC from DGCA

~ i

Y

7
[y 52018 £ 40
oift

353/

GOVERNMENT OF INDIA W TET
OFFICE OF THE woterders v R W waTee
IBRECTOR GENERAL OF CIVIL aVIATION S Tt & e
P SAFDARIUAG AIRPORT, NEW IELHE - 1 10 (33 E AT ELE T
AIRCHAFT ENGINEERING DIRECTORATE sy ot By
Tele-Fac <0126 Reteronce No: HEET 04-132014-ARD-Vol-ll
femait: lslit.dgoni@inic.in Daed:  f2emE: 3052818
"Phve Chaininan,

Adrports Authonity of Indin.
Rayiv Gandh Bhawan,
Now Dethi-3.

(Kind A, Shei 5, Raheja)

Subject: O time qo obiecton for operation of UAS far aorial survey in and aeound Chenpai Airpart
Sir,

Reitrence may please be made 1w AATS DO no. AARMPlg WChennar20] 6,78 dated 19-65-2016,
wherein AAl have requesiod DGCA's peenission to carry owt drose survey in znd around Chennai Arrpon
lor study of geography and terrein of the ares (v avold re-occurrence of stoppage of operstion at Chennai
Al VY rains

Based on your reguest and justification. this ofiice hereby accords “one lime no-objection” o
Alports Authority of Indix to gperaie UAS for aeral survey in and around Chennai Airport. However, this
‘ot tiwe no-cbjection” shafl be’ valid U all condiuoms as mated in Annexore-l to this leler sre strictly
adhenad to

fof the [director General of C il Aviation.

£ 51"@‘16)9& )

sk Ais i ) 4
Encl: As stated H\KP“ Lt

This issues with

Ff\ ,//" /é ) {Latit Gupra)
y Jesmi Director Genenal of Cival Aviation
" far Director General of Civil Aviation

it , e

1. Joirt Secrefury fhaternal Secuin i, Minisiry of Hosme Affnre. New Delhi 01,
& Joint Seoretary (Shrd 8.5 Bhullar), Minisuy of Civil Aviation, New Delhi-03,



Annexure - 1
1 This “one tinse oo objection’ is accorded W Anpois Autherity of bdia (AAT)H 1 opwrite UAS for
1 shove mentinned purpase only.
Y AAD shail almani necessary szeuriyy citarances from 4y Minisiry of Home Aftaies, and (5] local
s peiar Lo operiting the UAS.
AA) shatt Issuc apphicable required NOTAMs withou Jeopadizing aperation ol manned sircraft.
4 The operation of UAS shali be westricted in and wround Uheonai Asspont and a8 mwwe than 20

AGH. 81 any ease.

s, The operation of UAS shall be restricted to dny opezation and within visual line of sight (YLOS)
only.

6 AAl shall epsure diat the LA is not fown over uny delonge matnliauony o prase property withwnt
the permission of the concemed authoniy. If UA Mving is required, necessary permission from
Ministry of Defeice 1o be obtsined.

7 AAI shall be responsible for any svenhulities duc to maifunction’ diserientation of equipment.

B AAN T Madras shall have adzquate level of insurance 1o cover any dumage to third parey resulting
frons accident’ incident.

9. In case of any injury o any persen due 1o physical contact with the equiganent. Aal IIT Madras
shalt he responsible for medico-lepal ssues.

16, The UAS shall not caziy any hazasdows materal or varisble prdoud wnder any circumsiances, -

T, AAT sttt onstire that citly Trainet axpericneed bors fide personnzt of HT Madras vpentes the LA

12, AAL BT Madiss shubl ensurs sedfisty . sexwity and privacy of spectalors, propeny, operains sf

£3. 1his no-objection shall be vatia 11 the isse of puidefines for opeaation of UAS by DGCA. AAL T
Madras shell approsch DGUA fiv required permission/ approval as and when guidelines for
anesmion of VAS contes into 2,

14 1o vase of violatlon of any of the above menfiuned conditions, this no-wbjection acconded s AAT
shatl he withdrawa

15, This letter and conditions mentionsd ahove does wof override restrictions’ SOP en Unmasged
Aireraft Svstems framed by other Guvernment Apencies.



NoC from BCAS

Sons AR 2100 2008 Div-l{General Aviation-83147
w =& Government of India
== == === (Ministry of Civil Aviation)
sor fam= g =0 Burcawn of Civil Aviation Secariny
= wmE 3w §m, owwe 9w we) A" Wing -L L HL Janpath Bhawan. Janpath,
7 = oo [ New Delhi-110 001
Prated: 210672016

ivil Aviation ’
1 i Bhawan
Saidarjune Airpon
New el

(Kind Aun.: Shid Satsh Chander, T'nder Secretany)

Subjoct: One time no objection for operation of UAS for aerial survey in and
around Chennai airport - regarding.

S,

Reference is A&l CHOQ letter No. AAIMISC-1 1A-Sec 20167358 dated
016062016 on the subject matter. copy addressed to Director. MCA alsa.

I am directed 10 inform you that BCAS has no objection for use of UAS by Aaj
subject to the conditions mentioned in DGCA’s Permission dated 317052016

AAL shall arrange necessary clearance from MIHA and local administration before
operating UAS,

4 ANCOS, Chennai will enswre DGCA permission, MHA clearance and local

adminisiration clearance alopg with requited Police vernications ol 1he applicants belore

isstnee of ARPTAEP in this regard,

Yours faithtully,

Encl: As above.

- e e
(Mathai P.TL)
Dv, DirectonPolicy)
Ph. No. 011-23751721 / Fax- (11- 235355167
Copy 1o

GMiSceurity), AAICIIQ - This refers to his letter of oven number dated
, Raiiv Gandhi Bhawan 06/082016. | or information piease.
\i Saldarjung Airport. New Delhi ;
RDCOS(CA ) BUAS, Chennai Region. Chennai international Airport, t'{cnna-
T ——
— ! T

T N

— | v




e i [ Government of India
At e s 24/ Bureau of Civil Aviation Security (Ministry of Civil Aviation)
erdlz +iders @ wiafea / 0o Regional Director,
“wig &1 4= - 600 027/ Chennai Region, Chennai — 600 027

No. C/DCS/SA - Chen 16 Date: 2962016
T

I'he Arrport Director

AAd

Chenma Aurport

Chennui

Sub- One-time Mo Objection for operation of UAS for aerial survey in and argund theni uu
Airport Reg

Kindly refer to vour letter No. AAM/GME2016-17/141, dated 28.6 2016 on the abow
cited subject. In this r..'g:lnl. kindly find the copy of letter received from BCAS THO.  Inviess o

pams 3 and + of the ibid letter. vou are requested to ensure MHA clearance and lowal

admmistration cleirance also along with required police verifications of the applicants be Lor

sssugnce of ARP TAEP inthis regard in addition the DGCA permission already obtamed

Yours faithfully.

hﬁiv%s
(Sagjay/phgrina
Deputy Dircetor, 1%‘?’“&9““

Encl: As above
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4. Local Clearance from the District Collector

Proceedings of the District Collector of Kancheepuram District at
Kancheepuram.
. Present : Tmt. R. Gajalakshmi, LA.S.,
Rec. No. 15431/2016 / M1 Dated 21.9.2016

Sub: Drone Survey — Kancheepuram District — Alandur Taluk -
Meenambakkam and Thrisoolam Villages - Airports Authority
of India — Request for Security Clearance / Permission to carry
out Drone Survey in and around Chennai Airport — Permission
granted - Regarding.

Read: 1) Director General of civil Aviation, Government of India,
Opposite Safdarjung Airport, New Delhi — Public Notice
File No. 05-13/2014-AED Dated 7.10.2014.
2) Air Marshal, HQ Southern Air Command, Indian Air
Force, Trivandrum Letter No. SAC/S 2017/2/AD,

 dated 1.2.2016. _
3) Copy of the Joint Director General of civil Aviation,

Government of India, Opposite Safdarjung Airport, New
Delhi Ref. No. 05-13/2014-AED Vol. III Dated 31 .5.2016.

4) Airport Director, Airports Authority of India, Chennai
Airport, Chennai 27 Letter No. AAM/GME/2016-17/139
Dated 10.6.2016 received on 14.6.2016.

5) This office Letter Rc. No. 4044 /2016 / M1

Dated 14.6.2016

6) Revenue Divisional Officer, Tambaram Letter Re No.
1400/2016 A Dated 31.8.2016.

7) Under Secretary to-Government of India, Ministry of Home
Affairs, IS-I Division (IS-II Section), North Block New Delhi
Letter No. 11/20034/236/2016-IS-11, Dated 6.9.2016

kkkE

ORDER:
In the reference 4th cited, the Airport Director, Airports Authority of
India, Chennai Airport has requested permission to carry out Drone Survey
in and around Chennai Airport for study of Geography and terrain of the
area to avoid re-occurrence of stoppage of operations at Chennai Airport

during heavy rains.

In the reference 6th cited, the Revenue Divisional Officer, Tambaram
has stated that he has inspected Chennai Airport and surroundings on
1.7.2016 along with the Airport Authority officials, Airport Advisory
Committee Member and concemed Revenue officials and that the exact area
for carrying out Drone Survey was called for from the Airport Director. The
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Airport Director has sent a Map showing the area where the Drone Survey
was going to be taken place and that the Chennai Airport was affected a lot
during last years heavy floods, this sort of Drone Survey is essential. He has
recommended for approving the enclosed map for carrying out "Drone
Survey" by Chennai Airport.

In the reference 3rd cited, the Joint Director General of Civil Aviation,
Government of India, New Delhi has accorded one time no objection to
Airport Authority of India to operate UAS (Unmanned Aircraft System) for
aerial survey in and around Chennai Airport subject to 15 conditions.

In the reference 7th cited, the Under Secretary to Government of

India, Ministry of Home Affairs, New Delhi has conveyed 'No Objection’ for
operating UAS (for one-hour maximum for 10 days) for conducting the
d the Chennai Airport

aerial (Drone) survey by IIT Madras in and aroun
subject to the following conditions

i) UAS operations should be carried out strictly by the officials duly

- authorized by AAI/ IIT, Madras.
ii) Concerned District Authority should be informed about the proposed
UAS operation well in advance so that they can also associate themselves

in monitoring the same.

In this connection, permission is hereby granted to the Airport
Director, Airports Authority of India, Chennai Airport, Chennai-27 to carry
out Drone Survey in and around Chennai Airport for study of Geography
and terrain of the area to avoid re-occurrence of stoppage of operations at
Chennai Airport during heavy rains, subject to adhere to the conditions
mentioned in the letter of the Joint Director General of Civil Aviation,
Govemnment of India, New Delhi and subject to the conditions issued by the
Ministry of Home Affairs, IS-I Division, Government of India, New Delhi
vide reference 7th cited. Further the prior intimation / permission to be

obtained from the concerned police Authority
Sd./- R. Gajalakshmi,

District Collector,
Kancheepuram.

: QO
/by order/ \y\ﬂ, ‘*)\OON}Q |
* Huzur Sarishtadar (M.)

To
The Airport Director, Airports Authority of India,

Chennai Airport, Chennai 27
Copy to the Revenue Divisional Officer, Tambaram
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5. Permission from the local Police

ROCEEDINGS OF E
GREATER CHENNAI POLICE

PRESENT:THIRU. G. RAMAR.
No. 32/DC-SCP/Admn. /2016 Dt: 24-10-2016

Sub: Indian Institute of Technology Madras - Permission sought
to carry out topographical survey of Chennai airport and
vicinity using a survey grade drone - reg.

Read: 1) Application dated: 26-9-2016 from Dr. Balaji

i Narasimhan, Associate Professor, Department of Civil
Engineering, Indian Institute of Technology Madras,
Chennai-36 enclosing a letter from the Asst. General
Manager (E-C)-II, Civil Maintenance Division-I, Chennai
Airport, Chennai-45,
2) One time no objection for operation of Unmanned
Aircraft System for Aerial Survey in and around Chennai
Airport in the office memorandum No. 11/20034/236/2016-
IS-1I, dt: 6-9-2016 from the Under Secretary to
Government of India, Ministry of Home Affairs.
3) Permission proceedings issued by the District Collector of
Kancheepuram District to carry out Drone Survey in
and around Chennai Airport in RC. No. 15431/2016/M 1,
dt: 21-9-2016

* ¥k %k
ORDER:

Permission is granted to the applicant to carry out Drone Survey in
and around Chennai Airport for the study of Geography and terrain of the
area to avoid re-occurrence of stoppage of operations at Chennai Airport
during heavy rains, with the following condition and subject to the conditions
stipulated by the Director General of Civil Aviation, Government of India,
New Delhi and Ministry of Home Affairs, IS-I Division, Government of India,
New Delhi. Further the applicant is advised to get necessary permission
from Ministry of Defence, if UAS flying over any defence installation is
required.

(i) The applicant is instructed to intimate the survey schedule to
the undersigned well in advance.

i.  This “"one time no objection” is accorded to Airports Authority of
India (AAI) to operate UAS for the above mentioned purpose
only.

il. The operation of UAS shall be restricted to day operation by a
trained/experienced bonafide persons.

iii. AAI shall ensure that the UAS is not flown over any defence
installations or private property without the permission of the
concerned authority. If UAS flying is required over any defence
installations necessary permission from Ministry of Defence to be
obtained.



o
iv. AAI shall be responsible for any eventualities due to malfunction
/ disorientation of equipment.

V. In case of any injury to any person due to physical contact with
the equipment, AAI / IIT Madras shall be responsible for
medico-legal issues,

vi. AAI / IIT Madras shall ensure safety, security and privacy of
spectators, property, operator, etc.

= ";'E;ommrss.-‘;
Dy- f@\

1?"‘9
Dy.Commiss%ﬂer of Police,
ecurity, Greater Chennai Police

To:- The Applicant.



	AAI_IITM_Final_V3
	AAI_IITM_Final_V2_Annexure-A
	Interim_Annexure1_SAKURA
	Interim_Annexure2
	Interim_Annexure3
	Interim_Annexure4


