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DEVELOPMENT OF RESERVOIR SIMULATION MODEL

AND FLOOD RISK ASSESSMENT MODEL USING GIS

In this chapter methodology adopted for development for Ukai Dam reservoir operation
simulation model, real time Ukai reservoir operation and flood risk map for Surat City is
described.

Methodology adopted according to following parts of research study is as below.

1 Development of simulation model to simulate reservoir operation using monthly
available historical inflow. Month end storage and canal releases obtained from
simulation. Month end storage overlaid over a simulation period. Ultimately, calculation
of rule level for revised Ukai reservoir operation.

2 Preparation of excel program for flood forecasting based on real time reservoir
operation.

3 Preparation of flood risk and flood hazard map for whole Surat city by using Cartosat data
image and software (MicroDEM for Image Processing and DEM processing/Eshayal Smart

for GIS Map Window 4.5 for Stereo Data Processing and Watershed Delineation).

6.1 Development of Simulation Model

In this research study, a water balance equation was derived and the performance of a project
was analyzed. The water balance components were modeled without calibration, and compared
with measured data, whenever possible. A reservoir simulation model was developed and the
model storage capacities were compared with the observed storage capacities satisfactory. An
optimization model was developed to solve the water resources of a large project in a
computationally satisfactory manner. The optimal reservoir storage, optimal irrigation demand,
and optimal reservoir release were computed. The optimal mean model total water
requirements for the dry and wet seasons were also computed and the optimal contribution by
rainfall, reservoir, uncontrolled river flow, and recycled water were determined. The optimal
mean model total water requirements were compared with other computed values for the same

and a significant water savings were achieved.
6.1.1 Methodology for Simulation Model

Methodology adopted in this study is as follow: (i) Estimation of the water balance components;

(i) Estimation of the overall project efficiency: (iii) Calculation of the total water requirements;
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{iv) Simulation of the storage of reservoir systems, and (v} Optimization of the water withdrawals
from the reservoir systems. (vi) Determination of month wise rule level for revise reservoir

operation.

Reservoir simulation model is developed to simulate reservoir operation for 34 years (1973-2008)
using monthly available historical inflows and monthly generated inflows. Monthly reservoir
storage and canal releases are obtained from the simulation. Simulation modei is developed to
simulate reservoir operation using monthly available historical inflow. Month end storage and
canal releases obtained from simulation. Month end storage Qver!aid over a simulation period.

Ultimately, calculation of rule level for revised Ukai reservoir operation.

The planning and management of such a system often involves the establishment of optimal
operating policies and the study of trade-off between objectives. Optimization model is
developed in terms of determining values for a set of decision variables that will maximize or
minimize an objective function subject to constraints. Constraints typically include storage
capacities and other physical characteristics of the reservoir stream system, diversion or stream

flow requirements for various purposes, and mass balance.

6.1.2 Constraints for Simulation

The reservoir operation program is simulated based on the following constraints
* Storage Constraint:

The reservoir storage in any month should not be more than the capacity of the reservoir and

should not be less than the dead storage. The constraint is given as:

Smin € 5¢ S Smax t=1,2,3..12

Where,
St = Initial storage during the month t’
Swin =  Minimum storage capacity of the reservoir in MCM
Snax =  Maximum capacity of the reservoir in MCM

» Overflow Constraint:
When the final storage exceeds the maximum capacity of the reservoir, the constraint is given by:

O: =Sua-Smax and 0,20 t=1,2,3..12
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Where,

O, Surplus from the reservoir during time period t

t

Se1 Final storage in the month t in MCM

¢ Releases Constraint:

The irrigation release during any month should not exceed the irrigation demand and the

constraint is given by:

R, <D, t=1,2,3..12

i
u

Releases for irrigation during time period t

Dy

]

Irrigation demand for the month t in MCM

¢ Mass balance constraint:
The relationship between the month to month storage is given by the continuity equation:

The continuity eguation is stated by:

Sa = Se+l-Di-Re-E-0p  t=1,2,3,...12
Where,
It = Monthly inflow during time period t in MCM
E¢ =  Evaporation loss in the reservoir during time period t in MCM
R, = Releases for the riparian rights in the river downstream during time

period t in MCM

O, =  Surplus from the reservoir if any during time period t in MCM

St Final storage in the month t in MCM

St =  Storage in the reservoir at the beginning of time period t.
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D, = Demand of water to be satisfied during time period t.

6.1.3 Specimen Calculation

Specimen basic calculation for June — 1975 shown in Table.6.1 listed below.

Initial Storage in starting of month = 1142 Mm®+ Inflow 406.8 Mm’®
= 1548.80 Mm? total storage.

Demand deduction = ULBC Requirement 59.21 Mm® + D/S Irrigation requirement 255.33 Mm?®
+ Hydro power 353.53 Mm’®
= 668.07 Mm®

Final storage at month end = Total storage — Demand

= 1548.80 Mm® — 668.07 Mm®

= 880.73 Mm®
Specimen calculation for mean monthly inflow shown in Table. No 6.2,

Here, the time period for simulation is considered as month. Month as a unit of time is most
appropriate because level to be maintained at the end will be determined and the data regarding
inflows, evaporation and water demand to be satisfied by project is given per month. The
reservoir simulation is carried out for 34 years. Revised rule levels calculated from 34 years
historical flood data used for Ukai dam reservoir aperation. Existing data available for 34 years as
Ukai dam 1™ valley project implemented on Tapi River in the year 1973 i.e. 1974 to 2008.

Hydrological cycle occur after every 100 years so, perfect prediction is not possible.
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6.2 Real Time Microsoft Excel Program for Different Flood Situations
(For Release Decision)

In this study forecast based reservoir operation is prepared for real time different flood

situations for release decision by using Microsoft excel program.

6.2.1 Forecast Based Reservoir Operation (FBRO)

+ This method is adopted for major reservoirs

s Generally catchment area of such river is situated in more than one state

« Forecast based, reservoir operation is based on rule books

* Routing of reservoir on forecast based is carried out as per set norms and rule books

* There are formuias, tables, charts available to calculate the outflow

6.2.2 Methodology for FBRO

in this program flood inflow of Tapi River at Surat calculated by following equation for better

prediction.

Q=Q; + Q2+ Qs+ Qs+ Qs

Where,

.O.1= Discharge released from Ukai dam’

Q, = Discharge from tributaries

Qs = Discharge lead by Varekhadi watershed

Q, = Runoff by heavy precipitation on Surat city

Qs = Back water flooding from Arabian Sea (Tide effect)

Hence, Q,, the discharge released from Ukai dam directly depends on the inflow upstream. In
existing system, this inflow is estimated based on hydro-meteorological data of base station

Gidhade and available condition of intermediate catchment between Gidhade and Ukai.

Instead of it, Q, estimated exactly by establishing automatic rain gauge station at Suitable
location viz. in Upper Tapi Basin at Dedtalai and Burhanpur, in Middle Tapi Basin at Darpuri,

Savkheda, Malkheda, Morne, Gidhaade and Sarangkheda. It is remarkable that the catchment
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area between Gidhade and Ukai is very large and there is nor a single rain gauge station which is

connected through Satellite.

Q,, the discharge lead by several tributaries D/S to the Ukai and Upstream to Kakrapar weir

calculated by either developing hydrological network ar by preparing SWAT model.

Q; is the discharge from Varekhadi and its group of mini washed. it is predicted by using SWAT

model.

Qq, the runoff lead by heavy rainfall on the entire Surat city. it is comparatively low with respect

to other inflow and by establishing temporary rain gauge stations.

Qs, the backwater flow from the Arabian Sea (Tidal effect), experienced by Surat during last

flood event of 2006. in order to determine it, Tidal flood modeling can be developed.

In the easting system, river is gauged at Kakrapar weir, Mandvi, Ghala, Kathor Singapur weir and
at Hoper Bridge. It is suggested to establish more rain gauge stations at Amlidam, Godadha
dam, Godsamba village and at Luharpur. All these stations should be interlinked with each other
through satellite.Thus, by networking of whole Tapi basin through satellite, in assistantship of
computer, hydrologically rich information can be available on hand. Above information along
with the two ways system should be used for operation of Ukai Dam. The flood cell at
Gandhinagar and the dam authority at Ukai shall remain interlinked. For that, initially, high-tech
network of personal computers with appropriate software, analog-to-digital converters,
pressure or liquid-level sensors should be established at each recording stations as well as at
decision taking offices.

Surat has been frequently hit by big floods and suffered from flood disasters. Hydrological
information and forecasting, as one important non-structural measure, plays an important role
in flood control and disaster relief and therefore, the advance flood forecasting system should
be established by removing deficiency of such system. To remove this deficiency of such
system, Microsoft excel program is prepared. From this program, by entering reservoir level as
input, anybody can operate releases decision as directed. Plate.No.6.1 shows Forecast Based

Reservoir Operation. {(FBRO).
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Proforma For Forecast Based Reservoir Operation

Date 30/06/11 FRL 345 00ft
$t No :TU- 20 Capiaty 7414 29 MCM
Time o forecast 1000 (Received at:~1040 HFI 351 00ft
oe level attime Permissible Upper Lmt 334 67
of fCKe<tast 400 00

Capicrty at Permissible

Cones Capiaty m MCM(X) 6480 18 Upper Limit (Y)m MCM 5695 74
ed trend of mhoyy Falling
TABL «A. FORCA5>T INFORmation
Sr No Forecast Duration Volume of  Avg inflow  Expected capaaty Ejected level Excess capacity Avg outflow
period of in*cr» cal 4/col 3 alter forecast alter fcrecast above perrmssibta cot 8/col 3*0 0881
forecast forecasted * 0981 peood UO * col 4 period level col(6-y
hrs hrs. MCM lac. Cusac MCM « MCM t*c Cusec
1 2 3 4 5 8 7 8 9
1 0-6 6 110 1.80 8590.18 351.00 2894.44 (Al 47.40
2 0-12 12 214 1.76 8895.18 351.00 2999 44 >l 2As0
3 12-24 12 180 131 885518 351.00 3159.44 C1*2*(B 49.70
4 0-24 24 375 1.53 885518 35100 3159 44 0) 13.00
5 0-36 48 36 . (11-Oha.
Note : Condition N 2 applies
START RELEASING WATER @ 5.00 Lac-cusecs
MAX. DISCH. CAPACITY AT RWL 400.00 ft. Is 16.780 Lac-cusecs
TABLES BEAL PMERIESERVQIR PERFORM|EE Considerations for release Recommended
Time Exo.RWL Time Exp. RWL 24-48 RWL
hrs ft hrs ft at end of
2 3 4 5 6

1100 35100 2300 35100
1200 36100 24 00 35100 net acpicatM

1300 35100 100 35100 J0*Mou
14.00 351 00 200 351 00 ngUsmcaM
1500 351 00 300 35100 W'Hau
1600 35100 400 351 00 rat K&XKM
1700 35100 500 35100 je*Ho«a
1800 35100 600 35100 ncHacaiaM
1900 35100 700 35100 Jfvtou
2000 35100 800 35100 nat“pkaM
2100 35100 9.00 35100 C'Mm Raliases Racommandad n par prevailing Res Op. Pohcy:
2200 35100 1000 35100 netawttaaa FromOto 1 hrs wit. comm. 18800 CUMCS
*5'HOU From 1to 2 firs wrt. comm. 18800 cusacs
net === From 2to 3 hrs wrt. comm. 13800 cusses
siVau From 3to 6 hrs wrt. comm. 18800 cusacs
not«pK4M From6to 1 hrs wrt. comm. 18800 cusacs

From (lo 12 hr* wrt. cormt 180000 cusacs
Note: 11fthe release decided is the first release for this event than it must commence after 3 hour
intimation and intimation by FAX shall be sent immediately to Down stream authorities
1 Provision of Chanter 7 Para 7 7 Paae 87 of Disaster Manaaement Plan -11-12 Provision of Para
7.8 must also be Kept in mind prior to finalisation of any release more than 6.8 or IP lac<u«cs)
2 (for condition No, "Gates not to be operatecTJ_

Plate.6.1 Forecast Based Reservoir Operation
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6.3 Analysis of Tapi River: Flood Risk Assessment for Surat City by using
GIS

The flood risk assessment is done for the Surat city by using the Geographical information
System {GIS) and Image processing tools. The water levels data from the model results for the
river bank profile, changes in land use, construction of embankment and changes in the flood
scenarios after the release of water from the Ukai dam was used to simulate the risk to the city.
The areas under the risk were identified using the two stage scenarios, prior to the construction
of embankments or protection structures along the river bank and after the construction. The
results are spatially represented to assess the areal changes over the Surat city.

A flood risk map has been developed using a multi-parametric approach using hydrological,
geomorphologic as well as demographic data. Although, this map broadly matches with the
MODIS-derived map, it is distinctly different in terms of risk assessment. High and low risk zones
correspond well with the river migration histories and hydrological characteristics. Such efforts
should be a part of non-structural measures of flood management to reduce short term and
long-term damages and to bring awareness among the scientific community on the potential

need of this research.

6.3.1 Methodology
High-resolution remote sensing images from Google-Earth and Cartosat-1 are combined with

river hydraulic analysis and digital elevation model {DEM) to identify the flood susceptible

areas.

The step-wise methodology adopted for generation of flood simulation, flood mapping and

zone-level flood hazard assessment is described below:

1. Collection of high-resolution remote sensing images for Cartosat-1 and Google-earth.

2. Collection of topographical features such as contours, river channel sections, and water
level and discharge data.

3. Inter-linking of spatial and temporal data using GIS software and customized DBMS
tools.

4. Generation of thematic maps.

5. The analysis of results and delineation of areas under various degrees of flood.
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This methodology has been applied to prepare a flood potential and risk map for Surat city.
Generation of Digital Elevation Models (DEMs) from satellite stereo data has been an important
field from last few decades, started with the launch of the first civilian remote sensing satellite.
Digital tlevation Models {DEMs) are a type of raster GIS layer. Raster GIS represents the world
as a regular arrangement of locations. In a DEM, each cell has a value correspondihg to its
elevation. There is always a question mark how quickly and accurately the DEM’s can be

generated especially using satellite stereo data.

To overcome the time difference problem between two sterec scenes the vibrant Indian
remote sensing satellite progfamme had launched advanced satellite, known as IRS-P5
{Cartosat-1) on March 20™, 2012 aims to provide data with higher resolution for cartographic
purpose. This satellite has two identical panchromatic sensors (camera) with 2.5 meters
resolution kept on the platform with fore, +26° and aft, -5° tilt respectively. This system is
capable to provide stereo data without any time difference between two scenes.

6.3.2 Software Used Open Source

MicroDEM for Image Processing and DEM processing/Eshayal Smart for GIS Map Window 4.5
for Stereo Data Processing and Watershed Delineation and Morphometric Analysis Online Tools
for data conversion to shape files etc. For Dem generation of Cartosat — 1 data’, data of Surat
City was used. Fore and after scenes of town, dated 20" March 2012 were used. The detained
information of fore and after scenes already mentioned earlier (Mentioned in Para research
study area 1.8.3 of chapter -1 Introduction).

6.3.3 Data Processing

The Fore and Aft scenes of Cartosaf—l data were provided with Rational functions (RFs)
 coefficients. Rational Functions {RFs) have been applied in photogrammetry and remote sensing
to represent the transformation between the image space and object space whenever the
rigorous model is made unavailable intentionally or unintentionally. It attracts more attention
now because high-resolution images are being released to users with only RF coefficients.

6.3.4 Auto generation of Contour

The following steps were used in MicroDEM software for the image processing to generate the

Contour and Digital Elevation Model (DEM) for the study area.

» File New: type a block name in any desired path and save.
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* Model setup dialog box choose rational function in the geometric model category choose
Cartosat RPC in the geometric model and click ok.

* In the block property dialog box specify both horizontal and vertical co-ordinates and click ok.
e Click add list button in the standard tool bar add the imagery.

* Double click on the pry red box to build pyramid. Green button indicates the pyramid layer is
generated.

» Double click on int. (Interior orientation) red box. Select the RPC coefficient and click ok e.g.
bandra_rpc.txt. Both interior orientation and exterior will be generated.

= Click on Start automatic tie button.

* Clicks on Start triangulation.

 Click Start DTM Extractions.

» Click single DTM Mosaic radio button and give the o/p name. Check on the make pixels square.

» Click on advance properties button in the General tab check crate contour map. Click on the
accuracy tab. Check use block tie points also give the interval of contours to be generated.

Note: Actual contour elevation at the micro levels cannot be shared due to restrictive data usage.

Image.6.1 Orthorectified Image output from Stereo Data of Cartosat-l
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The safe carrying capacity of the Tapi River is significantly reduced due to encroachment in

flood plain area, silting in the river bed, and afflux created by Singanpur weir constructed on

the river very close to Surat city. With the help of the software developed in Microsoft Excel, it

is assessed that the river at Surat can now carry only up to 5663 m’/s without causing

significant damages. The dam generated for Surat city at 0.5 m contour interval, gives idea

about the reduced level of each zone and the flood hazard map shows the possible

submergence area when water level rise to 7.5 m at hope Bridge.

Methodology for preparation of flood risk map is shown below in form of flow diagram.
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6.5 Analysis for Forecast Based Reservoir Operation (FBRO)

The interlinked computers in this system shail convert the raw data into desired forms, store data for
later use and communicate with other computers in networks. Such custom designed computer
system will make the officers free from filling different forms like N, H and E indicating normal, high
alert and emergency situation based on FBRO indicating threshold value of Ukai dam reservoir level.
it describes the emergency warning start and more importantly at the same time, the decision
makers will well aware with the latest update. The available information from the different rain
gauge, discharge and river gauge stations can be collected through Satellite and should be analyzed
properly by experts of the hydrology or by special cell like flood cell at Gandhinagar and forecasted
directly to the dam authority at Surat. From available information at D/S of Ukai dam, the dam
authority will take decision about the quantum of discharge to be released, keeping the river carrying
capacity of river Tapi near Surat, in mind. Under the circumstances, when the water level many cross
the danger level of 106.98 m (351 ft), the Ukai dam authority will send the information to flood cell
at Gandhinagar about the occurrence of flood and its extremities.

The flood cell at Gandhinagar will convey the information to collector of Surat, disaster management
body of the state and central government for the evacuation/rescue. In the evacuation route, the top
priority will be given to the low lying area for shifting people to safer places. To prepare evacuation
route, readily available digital elevation model showing reduced level of entire Surat city, shall be

used.
6.6 Analysis of Flood Risk Map by Using GIS

6.6.1 Digital Elevation Model (DEM) Generation

A DEM can be represented as a raster (a grid of squares, also known as a height map when
representing elevation) or as a vector-based triangular (TIN}. The TIN DEM dataset is also referred to
as a primary {measured) DEM, whereas the Raster DEM is referred to as a secondary {computed)
DEM. The DEM could be acquired through techniques such as photogrammetric, LIDAR, land
surveying, etc. DEMs are commonly built by using data collected using remote sensing techniques,
but they may also be built from land surveying. DEMs are used often in geographic information

systems, and are the most common basis for digitally-produced relief maps.
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The Orthorectified images were used to generate the DEM for the Surat City representing the

elevation and height variations in various parts of the study area.

Image.6.2 Orthorectified DEM Image Surat City Region
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6.6.2 Triangulated Irregular Network (TIN)

A triangulated irregular network (TIN) is a digital data structure used in a geographic information
system (GIS) for the representation of a surface. A TIN is a vector-based representation of the
physical land surface or sea bottom, made up of irregularly distributed nodes and lines with three-
dimensional coordinates (x, y, and z) that are arranged in a network of no overlapping triangles. TINs

are often derived from the elevation data of a rasterized digital elevation model (DEM).

Image.6.3 Surat Triangular Irregular Network (TIN)
An advantage of using a TIN over a raster DEM in mapping and analysis is that the points of a TIN are
distributed variably based on an algorithm that determines which points are most necessary to an

accurate representation of the terrain. Data input is therefore flexible and fewer points need to be

stored than in a raster DEM, with regularly distributed points.
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6.6.3 Contour Generation

Image.6.4 Contour Generation (Density of Contour)

TIN data was utilized for the generation of the contour maps. The contour of values ranging from 0-
294. The density of the contour here indicates the steepness of the study area. The sparse
distribution of the contour represents the gentle slope in the Surat city. The bank profiles on the
counters are overplayed to generate the flood plain zones along the river and on the city fringes.
6.6.4 Slope

The slope image from the contours indicates the slope levels from gentle to steep in the study areas.
The river boundaries and creeks in the study region in visible. The general slope is from North -East
to South and South West. The river Tapi flows from the NE to SW direction with sub channels
meeting from North-West to East and East to South-West directions. The flow of water channels in
the regions can also be visualized and demarcated for the further analysis of the area for flood
simulation. The slope map was prepared from SRTM and contour map. 3D analyst tool is then used
to convert digitized contours into Triangulated Irregular Network (TIN) model and then to DEM. From
this DEM, slope map was generated using this process: Arc GIS-3D Analyst tool-Surface analysis-
Slope-Percentage Function. Slopes are classified on the basis of the basis of the guidelines mentioned
in Integrated Mission for Sustainable Development (IMSD) document, Department of Space, India,
http://www.ncap.res.in/fupload files/workshop/. In the study area, slopes were categorized as: low

slope (1-3%), moderate slope (3-8%) and high slope (8-15%). Slope map of the area suggested that
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most of the terrain in the North-East was characterized by a higher slope, may be responsible for a
higher runoff in this region, while the South and West part of the terrain comes under lower slope
category may be responsible for a higher water logging in this area. Most of the moderate slope

category can be seen in North side of the area, responsible for intermediate rate of runoff.

Image.6.5 Surat City Slope Map
6.6.5 Aspect Map
The aspect image in the study area presents the slope directions which helps in predicting the flow
direction in case of rainfall. The water with the study area follows a runoff pattern towards South
West and majority of segments are sloping towards South and West. The bank profiling using aspect
data is overlaid to generate the impact of the embankments (artificial) on the flood retention.
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Image.6.6 Surat City Aspect Map
6.6.6 Hydrological Feature Extraction

Open Source Map Window 4.8 (GIS package) software was used to generate the hydrological

features extraction based on the Hydrology.

Watershed Delineation

The water sub zone within city can only be estimated by studying the existing watershed. The Surat
city falls under the watershed zone (lower Gala Watershed) as demarcated by the Government of
India. The present analysis does not attempt to delineate the watershed based on the current Tapi
basin characteristics. Very few marginal streams are meeting Tapi with in Surat City. However there

are creeks which also act as water detention points within the study area.
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The analysis and simulation of flood only takes the sub-channels within the city limit to construct the

scenario for the flood overflow within the region.

Image.6.7 Contour with Drainage Network
6.6.7 Flood Risk Assessment
The Flood risk assessment study was carried out to understand the impact due to two types of
floods. Flood due to Tapi River (releases from Ukai reservoir) discharges ranging from 11,326 to
33,980 cumec (0.4 to 1.2 million cusec). The outputs of the study are presented in the Figures.6.8.
The second type of flood is caused by the two streams passing through the city. These floods (also

called Khadi floods) are more frequent but cause comparatively less damage.
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Image.6.8 Low Lying Areas in Study Area
The low lying map of the Surat is extracted from using the contour and built-up information. The
image shows the probable areas having risk of water logging in case of excess discharge in the river
Tapi. The bank profile data was used to generate the similar images and later vectorised to generate
the flood risk maps.
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Image.6.9 Flooding in Surat (2006): Actual Zones

Surat City (2006): The map depicts the flood areas within the Surat city based on the data gathered
by the Surat Municipal Corporation. Actual data of the submergence areas are shows (in red and
yellow) spatial spread of flood water. The regions closer to the river banks have high intensity of the
flooding. The areas in the south and South -west shows greater accumulation of water. The water
flooded the city areas mainly due to conditions and encroachments on the river bed by the human
settlements. The spill over as understand from the analysis (flow from Ukai) is due to
mismanagement of the flood water. The section deals more closely on the likely change that has

happened over last forty year in the flood management.
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Image.6.10 Simulated Flood (Without Embankment), 2012

6.6.8 Impact on High Density areas

Any increase in the spillover due to discharge from the Ukai dam above 1.5 cusecs in going to have
impact of flood water in the Surat city. The scenario generated from the overlay method gives the
result of water logging closer to the high density areas. Source: Cartosat, 2012, Processed in

MicroDEM 1, O, Image Statistics.
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Image.6.11 Flooding Scenario with Built-Open Relationships
(Red -Orange River Water Levels and Light blue low areas often water accumulation areas)

6.6.9 Impact on Katargam

The Katargam areas were worst hit during the previous floods. The river along the area used to
spread water during the flood in more than 10 sg.km area. With the construction of the embankment
there less chances of spread of flood water in the immediate and moderate scenario. However, the
spread of the flood plain in vast in the region and any excess flood scenario, the region may
experience large area under flood water. The levels observed in the Weir and Nehru Bridge might be
sustained up to 5 cusec of the water discharge but this may also create trouble in the areas to the

South and South West region of the city.
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Image.6.12 Image of Katargam - Surat
6.6.10 Impact on Adajan

The urban development along the Adajan, Adajan-Hazira area would be more suffering even during
the normal flood event of 1.2 to 3.0 cusec discharge in the river. The residential areas and some
commercial areas along the main road in going to be affected. The construction of fly over's on this
road might reduce the damage to the road but still the water is going to spread over in the

residential areas.
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Image.6.13 Image of Adajan Region — Surat

6.6.11 Impact on Hazira

The flood levels in the Hazira region has increased due to high intensity development of industries
and there is initial assessment of blockage and obstruction to the water flow through creeks and
main water channels. The mouth of river has also seen loss of mangroves and other vegetation
levels. The spread of water within the Hazira region has increased in moderate to High flooding
scenario (i.e. 3.5 to 7.0 cusec discharge in river). The levels of water reach between 6-10 feet within

moderate to high scenario at the sample point.
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Image.6.14 Flood Levels at Hazira

6.6.12 Impact on Urban Development

The flooding in the Tapi river plain has increased during the last two instance i.e. 1998 and 2006 due
to encroachment on the flood plain. The above figure shows the plot boundaries market in the river
island mostly formed due to sediment deposits on the river bed. The channel on the west of the
island is being blocked due to major development in the region. The human settlements extending to
the island, there are needed to restrict the development on this island. No human activity apart from

agriculture should be allowed which would detrimental to future floods in the city.
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Image.6.15 Construction sites Causes Obstruction at Tapi - Surat

Image.6.16 Tapi at Surat Encroachment on River Island near Confluence with Sea
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Image.6.17 Tapi at Surat Slums Removed from Flood Zones

Surat Municipal Corporation during 2010-2011 removed the slums located on the fringe and bank of
river Tapi, to reduce the loss of life and property. However, there is poor management of settlements
which are permanent in nature south of Sardar Bridge, whichfmay also face further loss of property
durin.'g the flood levels similar to in year 2006. The construction activities at the mouth of river near
Hazira where industrial activities might also obstruct the course of river by deposition and bloékage

of the creeks located in the region.

It is therefore desirable to reduce the loss of property by not allowing any construction within 30
meters of the river bank and on the flood plains. Very sections on the eastern bank can be protected
due to its bank height. The old city can be better protected by installing proper functioning drainage

systern with gates {automated) to function during the excess flow of water in the river Tapi.

6.6.13 Development of River Front

The SMC has also initiated the development river front with some public infrastructure, though
design should be considering likely velocity water and erosion of the banks which might lead to loss
of properties. Minimum construction up to 10% of the total area can be allotted to public facilities.

The construction of roads should be for limited traffic. No thorough fare should be planned on the
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flood plains, and early warning systems should be developed to restrict and divert the incoming

traffic in case of disaster.

6.6.14 Flood Risk Assessment: A Methodological Framework

The concepts of hazard, vulnerability and risk have been extensively used in various disciplines with a
different meaning, impeding cross-disciplinary cooperation for facing hazardous events. The
methodology aims to assist water managers and stakeholders in devising rational flood protecting

strategies.

In addition to economic and social damage, floods can have severe consequences, where cultural
sites of significant archeological value are inundated or where protected wetland areas are
destroyed. Regarding floods in Europe, two trends point to an increased flood risk and to greater
economic damage from floods. First, the scale and frequency of floods are likely to increase in the
future as a result of climate change, inappropriate river management and infrastructure
development in flood risk areas. Second, an increase in vulnerability has been noted due to the
number of people and economic assets located in flood risk zones. Therefore, the coming decades

are likely to see a higher flood risk in Europe and greater economic damage.

On 18" of January’ 2006 the European Commission proposed a Directive on the assessment and
management of floods (COM, 2006). its aim is to manage and ultimately to reduce the risks that
floods pose to human health, environment, infrastructure and property. Under the proposed

Directive, the Member States are obliged to deliver the following for river basins and sub-basins:
¢ Preliminary flood risk assessment
* Flood risk maps
» Flood risk management plans

The provision of structural measures on flood can have a major impact on the environment and there
has been an expression of concern by many members of the public for the degradation of river
corridors. Therefore, it is becoming common practice for central and local government to subject

ﬂoo& management plans to public discussion {COM, 2006).
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it is obvious from the above that concepts such as hazard, risk and vulnerability are the most
commonly used terms to describe the potential threats that natural disasters pose to human life, the
environment and the infrastructure. Additionally, these terms are used to question the capacity of
various structural and non-structural measures, which are applied for protection from these threats.
in the absence of regulatory establishment of a common accepted terminology platform, the
confusion on the context of these terms grows. Furthermore quantification of the terms is not an
easy task. It is possible that some parameters affecting the above concepts are beyond quantification
and also that these parameters vary in space and time. To clarify these concepts and to highlight a
methodology for the assessment of flood hazard and flood risk. Particular attention is also given to
the concept of vulnerability with regards to its social nature and the factors on which it depends,
6.6.15 Discussion

Though the Surat Municipal Corporation constructed series of the embankment on the river banks
the feasibility of its success was not tested. The present exercise also documented two scenarios (a)
without embankment and (b} with Embankment along with various discharge scenarios from Ukai.
6.6.16 Without Embankment

The peak discharge of 7 cusec water from the reservoir was tabulated with water levels at various
locations along the river. The bank overflow data was supplied along with the height of bank, flow in
the river, depth of existing water and spili point. These data resulted in the calculation of spill over

areas at different levels at the designated points.

6.6.17 With Embankment

During period 2006-2012, the Surat Municipal Corporation has strengthened the embankments by
constructing protection walls. Since the varied length and structures are available along the river

bank there is likely chance of having different impact on the spillover scenario.
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Image.6.18 Water Levels during Flood (with Embankment or Protective Structure)

Three scenarios with water discharge between (a) 3401.36 to 7086.17 Cumecs (1.2 to 2.5 Lacs
Cusecs) (Low) (b) 9070.29 to 14172.33 Cumecs (3.2 to 5.0 Cusecs) (Medium) and (c) 15589.56 to
19841.26 Cumecs (5.5 to 7.0 Cusecs) (High). The river bank profile data from the survey was overlaid
on the embankment levels and water levels assumed at various sections with the river. Data was
simulated for 10 section points divided into the sections in river. The table on the estimated levels at
locations from Digital Elevation Model (DEM) was estimated after simulation of the flood levels using

the overlay analysis techniques in 6IS shown in below Table.No0.6.3.
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Table.6.3 Estimated Levels at Locations in Study Area

Water Levels at Discharge
(including Bank Height)*

iD River Section | WL_NORMAL

FE_2 5| FE3_ 2 FES | FE_7
1 NH8 ijdge 6.00 8.50 9.20 11.00 | 13.00
2 Railway I:"ridge 6.00 8.50 9.20 11.00 | 13.00
3 Kosad Bridge 7.00 9.50 1020 | 12.00 | 14.00
4 Wier 4.00 6.50 7.20 9.00 | 11.00
5 Nehru Bridge 4.00 6.50 7.20 9.00 |11.00
7 Low Level 3.00 5.50 6.20 8.00 |10.00
8 Sardar Bridge 3.00 5.50 6.20 8.00 | 10.00
9 ONGC Bridge 4.00 6.50 7.20 9.00 |11.00
10 Hazira Point 5.00 7.50 8.20 10.00 | 12.00

*Data Estimated from the Digital Elevation Model Image and Discharge Simulation
Results, FE=Flood Discharge Elevation
The above results are being validated with the actual data of the water levels in the last floods and

probability if such occurrences cannot be ruled out.

6.6.18 Validation of Flood hazard mapping using RS and GIS

Based on the contour levels supplied by SMC, a digital elevation model {DEM) for the west zone was
developed. After combining the DEM with river bank levels, a flood risk map for various water-level
scenarios at 0.5 m intervals was prepared. The sample flood mapping potential areas for the west
zone have been demarcated. The possible areas under‘ each water level height are depicted with
different colors in the flood hazard map. After generating the flood risk map, the water levels of the
2006 fiood were compared with Hope (Nehru) Bridge. It was found that Hope Bridge has a bank level
of 4.1 m; therefore there will be about 3—4 m water over the right-bank area. Hence, the major parts
of the Adajan area will be submerged. Rander area will also be submerged by 1~2 m depth of water,
as was experienced during the August 2006 flood. This shows the accuracy of our hydraulic and GIS

model for flood risk mapping.
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Reliability calculations have been used to validate the models. The model results have been
compared depth of flood 2006 at Nehru Bridge and various other location of Surat city which is
obtained from official report of CWC & SMC. Table.No.6.4 shows Flood Depth Comparison for Flood
2006 and its flood effect shown in Plate.No.6.2.

Table.6.4 Flood Depth Comparison for Flood 2006

Sr. Point Name Actual water depth Water depth computed
No. during flood 2006 byGISand RS
in m. in m.
1 Shyamdham Society 2.89 3.10
2 Rameshvar Industries 5.80 6.00
3 Dabholi Road 3.15 3.35
4 Diomond Park 5.70 6.10
5 Bust stand 3.60 3.86
6 Shigma School Kadarsaninal 4.72 5.10
7 Khoja Masjid 2.13 2.23
8 S. T. Compound Wall Nr. Gat 1.20 1.30

Plate.6.2 Effect of flood water level

208
7- OPTIMAL SOLUTIONS FOR MINIMIZATION OF TAPI RIVER FLOOD IMPACTS



Ph. D. Thesis of G.lIJoshi

Results obtained from above study reflected in Plate.No.6.3 for TIN (DEM) of whole Surat City. The

graph of submerge area versus water level of different zone is shown in Graph.No.6.5.

Plate.6.3 TIN (DEM) of Surat City
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Graph.6.5 Different zones of Surat city submerged in water
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