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Introduction

« Key Terms:

— Traditional hydrology — referring to lumped
0D models (e.g. xp-rafts, WBNM etc)

— Direct Rainfall (‘rainfall on the grid’)

» application of rainfall directly onto the 2D grid
domain

» Hydrological model either completely or
partially removed from system
— Traditional flood modelling

» Hydrology and hydraulics undertaken
separately
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Introduction

» Direct Rainfall (‘Rainfall on the Grid’) still relatively
new to industry

— Been in mainstream use for last 10 years
— Limited amount of research undertaken in the area

» Traditional hydrology

— Well established & verified against a number of
catchments

— Can reproduce catchment flows provided
appropriate parameters are adopted
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Introduction

» Verification of Direct Rainfall Models

— To date, most in indirect calibration and
comparison with traditional hydrology

« Recommended to undertake thorough
checking of models
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Concepts

e How it works

— Each grid/ mesh cell is
effectively a catchment

rainfall
— Runoff from cell depends on:
* Grid/mesh area Storage on Grid/mesh cell
« Rainfall depth gridfmesh cell
6
e Grid/ mesh cell roughness “
« Slope between o
neighbouring grid/ mesh y =
' Potential fl
cells N
* Losses

— Note that Cell may also
provide some storage
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Concepts

e How it works

— Routing of flow

» Dependent on the hydraulics of the
modelling package

» Equivalent to lags or channel routing in
traditional hydrology

» Key factors influencing routing:
— Roughness of cells

— Available storage areas along the
flowpath

— Slope of the 2D terrain along
flowpath

2

— Obstructions and hydraulic structures
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Traditional hydrology
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« Advantages of Direct Rainfall
— Reduction in setup time of hydrological
model
— No assumptions on catchment outlets
— No assumptions on catchment delineation
— Cross catchment flow incorporated
— Incorporation of overland flow
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 Disadvantages of Direct Rainfall

— New technique to the industry

— Can increase hydraulic model run times
— Requires digital terrain information

— Routing of rainfall occurs according to

representation of flowpaths in model
* In upper catchment, flowpaths may not be
adequately represented
— Shallow flows may be outside typical
roughness ranges
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Concepts

* Methods of application

— Two common methods of
application b
« Direct rainfall over a portion
of the catchment, remainder j
of catchment described in ~ §
traditional hydrology

— Reduced run times

— Utilise benefits of
traditional hydrological
models and direct rainfall
models

» Direct rainfall over the entire
catchment

2
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Model Setup

* Model Roughness

— Model roughness can affect the timing of runoff
— Shallow flows vs roughness values
— Two approaches generally adopted
e Constant roughness
— May under or over-estimate the effective
roughness
— Potentially different roughness in floodplain &
catchment
e Depth-varying roughness
— Issues with estimating appropriate parameters
— Commonly floodplains are lumped (e.g.
properties) — difficult to apply depth-varying
N roughness
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Model Setup

e Losses

— Incorporate
* Infiltration
» Evaporation
» Evapotranspiration
» Storages
* Interception
— Traditional models lump these together for
entire sub-catchment

 For Direct Rainfall an issue with scaling, rather
o~ than 2D
@
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Model Setup

» Losses - Models

— Rainfall Loss Models

* Incorporate losses through rainfall (i.e. Loss
rainfall excess)

 E.g. initial/ continuing, proportional
loss rate etc

» 2D models incorporate some aspect
of catchment storages

— Potential for losses to be lower than in
traditional hydrological models

— Dependent on the grid cell size adopted

<«— Rainfall Excesg
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Model Setup

e Losses

— 2D Loss Models

* Water is removed from the 2D domain, rather
than from rainfall

 Potentially provide a better representation of
physical system

» Requires significantly more information
— This information may not always be readily available

Australian Rainfall and Runoff | A guide to runoff estimation

sssssss

Model Setup

* Losses

— Integrated Groundwater Models

* Linking of a groundwater model with surface
model

« Water can enter and leave groundwater system
(i.e. two way connection)

 Not typically utilised for flood modelling
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Model Setup

 Buildings

— A number of ways of incorporating
buildings in 2D models

Not recommended for Direct
Rainfall (unless model can

. account for it)
@ Australian Rainfall and Runoft | A guide to runoff estimation
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Model Setup

 Buildings

. Raised roughness of building footprint 5. Modelling of building walls 6. Building walls permeable

[

¥ B 4 € ' € i
Raised roughﬁe ' ‘ ‘

20 grid/mesh 20 grid/mesh 2D grid/mesh
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* Response Time

— Runoff from roofs

* Previous methods based on
modelling buildings in flood flows,
rather than catchment runoff

* In reality, roof connected to
stormwater system or gutter

— Not possible to incorporate this effect
into 2D model unless modelling at
micro scale

— May not be important if capacity of
stormwater system is low

Australian Rainfall and Runoff

courtesy :
http://rfcd. pima.gov/wrd/waterharvesting/imag
s/6sa.gif
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* Response Time

— Two potential solutions

» Averaging roughness in catchment
— If stormwater infrastructure is not included

— Lower roughness to effectively create an
averaged hydrograph at outlet (between
stormwater infrastructure & overland flow)

— Should be done in upper catchment, not in
flowpaths

» Stormwater infrastructure
— More likely to create twin peak in discharge

— May need to lower roughness on properties to

allow runoff to reach stormwater system
Australian Rainfall and Runoff |

courtesy :
http://rfcd. pima.gov/wrd/waterharvesting/imag
s/6sa.gif
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e Grid/mesh cell
size
— Small vs Large
Grid Cell

» Small provides

greater details on

flowpaths

* Large runs faster

— Small sub-grid
features may be

incorporated

through roughness
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* Important to undertake verification

e Recommendations

— Comparison with alternative models
— Indirect calibration (if possible)

— Volume checks

* Limited parameters to vary

— Roughness values
— Losses assumed

— Terrain
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« Comparison with alternative models

— Traditional hydrological model constructed for a few
sample sub-catchments

— Compare the timing, peak flows & shape of hydrograph
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* Indirect Calibration

— Infer calibration from calibration of peak
water levels & observations

* Volume Checks

— Ensure that there are no numerical issues
with the model

* Volume at outlet = volume applied outlet less
losses and storages
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Filtering of Results

— Direct rainfall results in water in every cell
» No typical flood extent, need to “filter”
» Some possible techniques:
— Depth Filter — constant
— Depth Filter — proportional to peak rainfall depth
— Flow cutoff filter
» Difficult to apply in 2D
— Velocity-depth filter
» Incorporates high velocity, low depth flows
» Similar to the flow cut-off filter — except for an individual cell

» Potentially good in steep areas, but may not be as effective
in flat areas (low velocities, high depths)
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* Filtering of Results

* Some possible techniques cont’d:
— Catchment area cutoff

» Removes areas of inundation in upper portions
of the catchment

» Need to define upper catchments

» Need to be careful with backwater from
downstream

— Small pond filter

» Removal of small discrete ponds
— Combination of filtering techniques

» Combinations of the above
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* Flood Mapping

— Further adjustments may need to be made
» As per any model result
* Engineering judgement
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* Overland Flow vs Mainstream Flooding

— The results do not differentiate between
overland flow and mainstream flooding

— Can become an issue with various policies
etc
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— As with all modelling, a sensitivity analysis
should be undertaken
— Sensitivity analysis should include:
» Rainfall losses
* Model roughness
* Variations in rainfall

» Sensitivity Analysis

Australian Rainfall and Runoff | A guide to runoff estimation

 Direct Rainfall is a relatively new
method to industry

— Need to ensure that the models are
checked

» Key things to consider in model setup

— Roughness

— Losses

— IncorpOration of Buildings
— Grid/ Mesh Cell Size

Australian Rainfall and Runoff | Aguide to runoff estimation
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e Calibration & Verification

— Indirect calibration
— Comparison with alternative models
— Volume checks

* Filtering of Results

» Sensitivity Analysis
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Introduction

— 1D/2D models

— Model Components

Connection of 1D/2D

— Channel/ Creek flow connections
— Pits and pipes

— Hydraulic structures

Conversion of 1D to 2D
Parent Child Grids

Australian Rainfall and Runoff | A guide to runoff estimation

 1D/2D models

— Combine the benefits of 1D and 2D model
— 1D models can run faster

— 2D models can allow better definition of
overland flow

Australian Rainfall and Runoff | Aguide to runoff estimation
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* Model Components

— In-bank channel flow — 1D

— Hydraulic structures — typically 1D
— Pits and pipes — 1D

— Overland Flow 2D

— Weirs — 1D or 2D

Australian Rainfall and Runoff | A guide to runoff estimation

» Different methods of connection
between software

— In almost all cases only water level is
transferred (not velocity)
* No momentum transfer
« Has implications for schematisation

Australian Rainfall and Runoff | Aguide to runoff estimation
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* Vertical Connection

Australian Rainfall and Runoff | A guide to runoff estimation

» Vertical Connection

— Issues
» Small grid cells compared with channel width
— Potentially connect to multiple cells

* Grid cell larger than channel

— Once water enters the 2D area, it is flowing over a
much larger area

e Model Roughness

— Potentially the roughness over the grid should be
lower

Australian Rainfall and Runoff | Aguide to runoff estimation
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* Horizontal Connection

Australian Rainfall and Runoff | A guide to runoff estimation

» Horizontal Connection

— |ssues

* Channel width is not a multiple of grid cell size

Australian Rainfall and Runoff | Aguide to runoff estimation
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* Horizontal Connection

Australian Rainfall and Runoff | A guide to runoff estimation

» Horizontal Connection

—issues
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« Connection of pits generally simpler

Australian Rainfall and Runoff | A guide to runoff estimation

Generally governed by empirical eq’'ns
— Discontinuity in equation

Velocity is not conveyed across connection

— Empirical eq’n only related to water level

Contraction Losses

— If grid cell is small compared with structure

* Some contraction losses may be incorporated
in 2D

Recommended to verify equations

Australian Rainfall and Runoff | Aguide to runoff estimation
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» Conversion of a 1D creek into 2D flow (and
vice versa)

— Examples
» Creek discharging into lake, estuary etc
A steep section discharging into a flat floodplain
* Transfer of 2D flows to 1D structure

Australian Rainfall and Runoff | A guide to runoff estimation

 Two methods

— Connection through one grid cell
— Connection through multiple grid cells

Australian Rainfall and Runoff | Aguide to runoff estimation
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* E.g. Small grids nested in a large grid domain

e Connections similar to 1D/2D

— A number of packages do not transfer
momentum
» Similar issues to 1D/2D

— Other packages make assumptions on the
conversion of cells

* Recommended to either place boundaries
away from areas of interest or high velocity
zones
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