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Module - 12
Drainage and Recharge

Lecture - 59
Urban Flood Management and Drainage Plans Part 11

In lecture 59 Urban Flood Management and Drainage Plans — Part II will be covered.
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Concepts Covered

» 1D/2D dual drainage approach
» Flood modeling using HEC-RAS
» Case study

The concepts to be covered includes:

— 1D and 2D dual drainage approach
— Flood modeling using HEC RAS and a Case study
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1D/2D Dual drainage approach

1D/2D dual drainage approach

» 2D shallow water equations or surface flow and 1D for channel flow.
» Fluvial flooding.

HEC-HMS -

» Used for developing the hydrological model of the hed.
Basin model, meteorological models, contro_lﬁ)ecification.
Data: LULC, Hydrological soil group and Curve number for each .~
sub watérshed, Infiltration and Time of cono’ﬁﬁaﬁ_&r
Composite curve numbers for each sub-basin were generated.
Control: Simummmﬁ).

Different infiltration and flood rotting procedufes are available.
e =

[Source: httos//www. hec.uszce armymil/software/hec hms/)

HEC-ggoiiM_S(Geospa:ja Hydrologic Modeling Extension) ,/

» HEC-GeoHMS uses ArcGIS and the Spatial Analyst ion for preparation of hydrologi feling
input data for HEC-HMS, ~—
» DEM is used to prepare the drainage network and associated data like stream length, elevation,
—_— — 4

slope, the longest flow path, centroidal location etc.
wily Gl O e e e

This approach uses 2D shallow water equations for surface flow and 1D for channel flow.
Fluvial flooding can also be modelled. HES-HMS and HEC-RAS software will be addressed.
If the cross sections of a river for certain locations and the flow is considered, water may flow
beyond the sides of the stream that can lead to overland flow and eventually flooding. This
can be modelled using software. This can be applied for natural streams as well as for storm

water sewers.

This modeling system involves four software, but nowadays, using two can address the

requirements.
HEC-HMS Software

This is used for developing the hydrological model of the watershed. Using this, the basin

model, the meteorological models and the control specifications can be developed.

Data required to run this model involves land use, land cover, hydrological soil group, curve
number for each watershed infiltration and time of concentration then composite curve
number for each sub watershed, infiltration and time of concentration. The simulation

properties in the model can be controlled by changing the duration and the time step.



Different infiltration (CN method / Horton methods etc.) and flood routing procedures
(kinematic wave / diffusion wave) can be set in this model. The modeling is similar to

SWMM and can be called as an alternative to SWMM.
HEC-GeoHMS (Geospatial hydrologic modeling extension)

This software uses ArcGIS and the spatial analyst extension for preparation of hydrologic
modeling input data such as the catchment sizes, proportion of pervious and impervious

surfaces for HEC-HMS.

Nowadays, RAS mapper, a component of the HEC-GeoHMS software can be used to get the

same task done instead of using the separate extension.

DEM (digital elevation model) is used to prepare the drainage network and associated data

like stream length, elevation, slope and the longest flow path, centroidal location etc.

To model open channels, 1D Saint Venant equations can be used. The data on the profile of

the channel at different sections is required.
HEC-GeoRAS
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1D/1 or 2D dual drainage approach
e — '—-h,,“'

HEC-GeoRAS
- fo —
» HEC-GeoRAS helps in processing geospatial data in ArcGIS and
preparation of geometric data for input into HECRAS™
» Digital terrain model (DTM) of the river system in the Arcinfo TIN
format is used as input.
\ ol S .
» Different RAS Themes are created.(Stream Centerline, Flow Path
p——
Centerlines, Main Channel Banks, Cross Section Cut Lines, Land Use,
Levee Alignment, Ineffective Flow Areas, and Storage Areas)——
» HEC-GeoRAS also takes the data from HEC-RAS simulations (water
g . " P— .
surface profile and velocity data) for GIS analysis for flood plain
mapping, flood damage col on ystem e i
flood warning response etc. 2
il

(Source: hrtps://wanw.hec.usace.army.mil/software/hec-ras/)

HEC-RAS
¥ Allows the user to perform 1D, 1@ lculati di transport/mobile bed computations, and
water temperature/water qﬁality modeling.
Creating RAS geometry(geometry inf ion on cross-sections, hydraulic structures, river banks,

roughness coefficient, etc. either using HEC-GeoRAS or RAS mapper) =i



This is a GIS extension for the HEC RAS software which is employed in processing
geospatial data. This helps in preparation of geometric data for input into HEC RAS.
GeoRAS is used for preparing data for HEC RAS. The digital terrain model of the river
system is prepared in the Arcinfo TIN format. Different RAS themes are created which
includes the stream center line, flow path center lines, main channel banks, cross section cut
lines, land use, levee arrangement, ineffective flow areas and storage areas. The entire
channel profile and the surrounding area is being modeled along with the digital terrain

model.

HEC-GeoRAS can obtain data from the HEC RAS simulations (water surface profile and
velocity data) for GIS analysis for flood plain mapping, flood damage computations,
ecosystem restoration, flood warning response etc. Thus it can be used both for processing
the data for input into the HEC RAS software and also take input from the HEC RAS
software to display the data. HEC RAS allows the user to perform this 1D or 1D/2D
calculations. Sediment transport/mobile bed computations and then water temperature/water

quality modeling can also be done using the software.

So, it is required to create RAS geometry involving geometry information on cross sections,
hydraulic structures, river banks, roughness coefficient etc. either using HEC-GeoRAS or

RAS mapper.



Flood modelling using HEC-GeoRAS
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Flood modelling using HEC-RAS
FEEs s " Step 1: Horizontal Coordinate Brajection is set in the HEC-RAS Mapper.

i Step 2: Develop a terrain model (geometric and hydraulic properties of 2d

e RAS mapper 7 A
= cells)in HEC-RAS Mapper. (Also for Inundation maps)
= ( N, Step 3: Manning's n layer data set (using land cover data) (Manning's n values in
\ XC & the 20 Flow Areas) —
o \ \ R N v . 3 0
== P | Step 4: Other information(layers) such as aerial photography, levee locations,
= #
g oY road networks, etc.

\ toduction/developing-a-2d-or-1d-2d-unsteacy-flow-model)

—

Land Cover -
Classification Polygon

( mifco

-

Terrain Data with Hill Shading and Contou SRR
tines-- . Projection system

Step 1: Horizontal coordinate projection is set in the HEC-RAS mapper.

Step 2: to develop a terrain model (geometric and hydraulic properties of 2D cells) in

HES-RAS mapper. This is also required for generating the inundation map. Based on the

terrain data including the hill shading and contour, the profile can be developed for a stream

channel. The entire area can be divided into multiple cells with specific geometry and

hydraulic properties based on the DEM. This helps determining the direction in which water

will flow.

Step 3: is input Manning’s n layer data set data (using land cover data) (Manning’s n values in

the 2D flow areas)

Step 4: Other information layers such as the aerial photography, levee locations road

networks, etc also are input in the software.
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Flood modelling using HEC-RAS

Step 5: In HEC-RAS Mapper a boundary polygon is drawn for each 2D Flow Areas
to be modeled.

Step 6: Levees, roads, natural embankments, high ground between main channel
and overbank areas, hydraulic structures, etc. are introduced as break lines within
the 2D flow area, C—
Step 7: 2D Flow Area editor is used to create the 2D computational mesh. The
mesh can be edited as well. e

Computational mesh by following the Delaunay Triangulation technique and then,
——

2D flow area polygon constructing a Voronoi diagram.
by

! a4 . " . Voronoi diagram
Break lines for Levees and roads 20 Area with Refinement Reglans :

= (point spacing density)

Step 5: In HEC-RAS mapper, a boundary polygon is drawn for each 2D flow areas that has to

be modeled ie, the extent of the flood spread is determined.

Step 6: levees, roads natural embankments high ground between main channel and overbank
areas, hydraulic structure etc. are introduced as break lines within the 2D flow area. These

represent the areas across which water cannot pass.

Step 7: 2D flow area editor is used to create 2D computational mesh. The mesh can be edited.
It can be computed by Delaunay triangulation technique and enables the creation of Voronoi
diagrams or Thiessen polygons. Each cell of the mesh will have its specific digital elevation
or slope. Water flow on the overland surface from one cell and the other will depend on the

slope.
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Flood modelling using HEC-RAS

Step 8: Hydraulic structures or bridges can be also added.

Step 9: 2D geometric pre-processor (RAS Mapper) is run to create the
cell and face hydraulic property tables. ..
Step10: 2D Flow Areas are connected to 1D Hydraulic elements

(river reaches, Lateral structures, storage area/2D flow area hydraulic

— 2D Geometric
connections).

Preprocessor
Step 11: External boundary condition lines along the perimeter of 20 i
flow areas.

Step 12: In Unsteady flow data editor, boundary and
initial condition data for 2D flow areas is added.
Step 13: Run simulation in unsteady Flow Simulation
window.(computational options and settings)
Step 14: Combined 1D/2D output in RAS Mapper.

-

———— 5

Combined 1D/2D flood inundation output (RAS
hec.usac docs/r2dum/latest) Mapper)

Step 8: Hydraulic structures or bridges can also be added.

Step 9: is 2D geometric pre-processor (RAS mapper) is run to create the cells and face
hydraulic property tables because from the geometric processor, the relevant parameters

determining the overland flow can be modelled.

Step 10: 2D flow areas are connected to 1D hydraulic elements. The 2D areas where overland
flow occurs is connected with the hydraulic elements. The different nodes from where the
flood will be spreading can be understood. Hydraulic elements includes the river reaches,

lateral structures, storage area/2D flow area, hydraulic connections.

Step 11: External boundary condition lines along the perimeter of 2D flow areas are

introduced

Step 12: In unsteady flow data editor, boundary and initial condition data for 2D flow areas
are added.

Step 13- The stimulation is run in unsteady flow simulation window. The required

computational settings and options can be set.

Step 14: Combined1D-2D output is produced in the RAS mapper.



In standard models, 1D modeling of the channels (both surface and underground) can be
considered. The spread of the flood can be modelled using inundation algorithm and using

GIS approaches.

Casestudy:
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Case study

Impacts of land use~land cover change and urbanization on flooding: A case study of Oshiwara River Basin in Mumbai,
& " - R — "_—-—__‘
India By P.E. Zope, T.l. Eldho , V. Jothi prakash

» LULC change influences runoff generation due to change in hydrological processes.
» The peaking time for flood hydrograph is also reduced which i intensity and frequency of flooding.
g i —

Flood management in an urban area:

Flood hydrograph .

Flood peak ~

Time to flood peak

Flood plain delineation.

e ——

Flood damage curve can be prepared:
Monetary damage to housing, industry, infrastructure, etc. in a flood plain vs. Flood water level.

R ——— Sa T —
Flood hazard zoning map:

7 Flood-prone area and p flooding

» Flood protection measures , warning and evacuation system.
— ——

Lokl

Impacts of land use—land cover change and urbanization on flooding: A case study of

Oshiwara River Basin in Mumbai, India By PE. Zope, T.I. Eldho, V. Jothi Prakash.

The study analyses how a rainfall event will cause overflow of the banks and how the water
will spread. LULC (land use land cover) changes or influences the runoff generation due to
change in the hydrological processes. The peak time of flood hydrograph is also reduced

which increases intensity and frequency of flooding.

Flood management urban areas requires:
— The flood hydrograph.
— The flood peak (total flow during that time)
— Time to flood peak

— Flood plain delineation



The flood damage curve can be determined based on the spread of the flood water which
involves the monetary damage to housing, industry, infrastructure etc. in the flood plain based

on the flood water level.

Flood hazard zoning maps can be prepared based on inundation map produced after the
analysis considering the parameters such as flood prone area, probable flooding consequences

in that area, flood protection measures, warning and evacuation systems etc.
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Case study

Base soil map (1995)
by [PRcsimg Source - NBSSLUP
SRTM, ™ Satellite images
Actual surveyed data -
—

Infiltration: SCS curve number method

Transformation: SCS-Unit hydrograph method

Flood routing: Kinematic wave

Soil map for

land.use/ Differernt years 24 h storm [Einﬁllﬂe!lﬁjdemd-
. . [3
Slope || Watershed Land cover map Return periods: 2, 10, 25, 50 and 100 years
ap ) [26mneston HVg’_J—-—"‘° cal ol HEC-HMS model,
o " roup map 4
Impervious area/ Curve number map - o HEC-RAS model ]
Raughness map, —- B Flood hydrograph and peak discharge at eacl
Sl el olialy 1
Rainfall input from IDF curves " HEC-HMS —
— —p

HEC-GeoRAS: River geometry
(left bank, right bank, flow paths).
Cross section cut lines:
looﬁlewals.

Flood plain modelling for different Data d from DEM.
Euclidean distance - oast Lupattern Manning's coefficient

. Flood hazard assessment for different conditions and map from land use.
e LU patterns

Peak discharge, flood hydrographs
—_— —

Modelling using HEC - GeoRAS, HEC-RAS .

Water surface profile & extent
Cost distance - slope and river,, =

-

'
Euclidean distance - river

-

The data required involves the DEM, SRTM data, and the surveyed data. This is used to
create the slope map and the watershed delineation. Toposheet satellite images are used to
generate land use/land cover map. This is used to determine the impervious area/the
roughness map and the curve number map. The base soil maps and the soil map for different
years is used to generate the hydrological soil group map. Rainfall input from IDF curves is
also involved. All these are used for modelling using HFC-HMS. The peak discharges and
the flood hydrographs are determined. Modelling is done using HEC GeoRAS and HEC
RAS. The water surface profile and extent, flood plain modeling for different flow conditions
and LU patterns, and flood hazard assessment for different conditions and LU patterns is

determined.



— The cost distance-slope and the Euclidean distance from the coast/river are
considered. All these parameters were utilized to determine the overall hazard of
flood in the area.

— The curve number method is utilized for infiltration.

— SCS unit hydrograph method is utilized for determining the hydrograph of the area.

The routing was done using kinematic wave

— 24 hours storm rainfall was considered

— Return period was considered for 2, 10, 25, 50 and 100 years separately. For each
return period the flood inundation was estimated and then overall map was prepared.

— HEC HMS and HEC RAS models were used.

— Flood hydrographs and peak discharge at each junction for different land use
conditions were determined. This was modeled using this HEC RAS model.

— HEC GeoRAS created was used to create the river geometry (left bank right bank
flow paths)

— Cross section cut lines at 100 meter intervals.

— Data extracted also from DEM

— Manning’s coefficient was used.
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Case study

JEC-RAS (Geometry data as input from HEC-
GeoRAS model)
1-D hydrodynamic model (Saint Venant
equations) ik
WateT surface profiles are generated.
Boundary condition: Tidal depth at the outlet.
Mixed flow conditions (simufation).
Return period: 2, 10, 25, 50 and 100 years

HEC-RAS -

Water surface profiles and water
i

surface extent.

HEC-GeoRAS:

Used to create water surface]_ﬂ‘l

This Ts compared with the

terrain TIN to create the

1Ioodp|aiﬁ;olygon.

—

— HEC RAS (geometry data as input from HEC GeoRAS model) was introduced



— 1D hydrodynamic model was utilized using Saint Venant’s equations.

— Water surface profiles are generated on Oshiwara stream or river

— Boundary conditions - the title depth

— Mixed flow condition at the outlet was simulated

— Return periods of 2, 10, 25, 50 and 100 years.

— Using HEC RAS, the water surface profile and water surface extent was determined
and HEC GeoRAS was used to create water surface

— This is compared with the terrain TIN to create the flood plain polygon.

(Refer Slide Time: 24:23)

Case study

Flood hazard maps:
Parameters:
Combined flood plain map for different
¢ S : return periods, Slope map, Distance from
‘\rs{y ‘ ; the river, Distance from the coast etc.
i 8 » Weightages aremach of these
i hk R 5 ; factors to determine the flood hazard
s L Deibgaen | % i zone.(Weightage overlay analysis using
l v e ‘ m tfié Delphi technique using raster
W ‘ maps for each)
¥ Further categorization using
Standard deviation.

=
[

o I T

Y flood  %area  Hodd Harea
bl nircati oftoll  inuncati  of total
event

onarea  sub onarea  sub
(fm?] basin  (km?)  basin

10ye_ar 182 .09, 199, 1R 6.04
Byear 227 865 231 9.00 406
S0year  2.53 9.86 270 1052
100 year 2.

Flood inundation area is determined considering the different parameters as listed in the table.

The weightages are given to each of these factors to determine the flood hazard zone.



Conclusion:
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1D/2D approach uses 2D shallow water equations for surface flow and 1D equations for
drainage network.
HEC-HMS and HEC-RAS can be also used to determine channel flow and overland flow

(catchment inundation) for known precipitation.
pu—— —~———

1D 2D approach uses 2D shallow water equations for surface flow and 1D equations

for drainage network.
HEC HMS and HEC-RAS can also be used to determine channel flow and overland

flow catchment inundation for known precipitation events.
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