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Presentation Introduction

Agenda

Background
A Whatis 1D and 2D linked modelling?
A Why use 1D/2D linked modelling?

Benchmarking Case Studies
A Compound Trapezoidal Channel

A Urban Catchment, Open Concrete Drains
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Open Channel Modelling

1D or 2D?

1D Equations
A Quick to simulate but
slow to setup

A Assumptions, Terrain/Bathymetry (Elevations) Lumped at cross-sections 2D Cell or
Surface roughness (Manningds n) SGSresolution

1D Dynamic Equations 2D Dynamic Equations

Delineation of flow paths Manually defined Not needed

assumptions,
assumptions Hydraulic computations Lumped at cross-sections 2D Cell resolution
(water levels, velocities) (depth/width averaged) (depth averaged)
2D Eq uations Energy losses due to change in flow  User defined, lumped Included
. direction (e.g. bend or junction) (excludes any 3D losses)
A Much closer to reality _
Energy losses due to sub-element Not included Included
turbulence (not all 2D dynamic solvers)
Run-time Fast Much slower

(small 2D cells in-bank)

Flood mapping User defined i approximate  Standard output
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Open Channel Modelling

Topography

1D Cross-Sections
A Slow to setup
A Expensive to survey

2D High Resolution DTM

A Today, quicker/cheaper using laser side
scanning than a cross-section survey

A Easy to set up in a 2D Model
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History 1D/2D Linking

Early Days (Starting ~1990)

Objective

A Use 1D to propagate water to/from
area of interest (2D)

A 2D models were VERY slow
(10,000 cells was big!)

A 1D/2D allowed modelling the whole

system as one
(rather than transferring boundaries)
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History 1D/2D Linking

Early Days (Starting ~1990)

Example from 1990
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History 1D/2D Linking

1D Culverts (Starting ~1998)

Objective
A Convey water through conduits that can not be modelled in 2D §
A Example: culvert through an embankment
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History 1D/2D Linking

1D Cut Through 2D (Starting ~2001)

Objective

A Good representation of
narrow open channels

DiiMIBackground
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A 2D representation

A Very long run times

E g’,D Channel

A May not have been able to ‘
handle the hydraulics / - Network

1D Pits
Layer

Throsby Creek, NSW, /g’ 1D/2D Open
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Network
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History 1D/2D Linking
1D Cut Through 2D (Starting ~2001)

Throsby Creek, NSW,
2006
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Background

What has changed recently
A In bank bathymetry getting better / cheaper
A Sub-Grid Sampling (SGS) of

A Elevations
AMaterial (Manningés n)

A Structure losses account for approach / departure velocities in 2D
A Quadtree solver, allowing easy setup of flexible cell sizes

g TUFLOW



SGS Benchmarking Manni ngos

Rectangular Channel Test

Equati o

A Rectangular channel with length of 2000m and width of 100m

A Flow rate = 100 m3/s
A Depth=1m
A Slope = 0.0009

AManningdéds n = 0.

03

Uniform flow of U = 1m/s, d = 1m

Flow

A

=

A

W = 100m

A

y

v

<
<

L=1000 m
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SGS Benchmarking Manni ngos

Rotated Channel Test i Without SGS
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SGS Benchmarking Manni ngos
Rotated Channel Test T With SGS
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Compound Trapezoidal Channel

Test model:
A 10 m wide, 4 m deep, concrete channel 10 005
A Manningdéds n = 0.015 \ /
A Batter slope 1.5:1 (H:V) 8 0.04
A 10m floodplain each side
AManningds n = 0.045 g6 0.03 ¢
A 6 km long x 60 m wide j% g
A Downstream WL boundary, upstream flow & / 002
2 0.01
—— Bed Level —— Manning's n
oL o

Distance across Channel
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Compound Trapezoidal Channel

1D Parallel Channel Analysis

Flows i Parallel Channel Analysis
S K | K KK [ K [ Ko K | K | Ko K
€ 1/ € 0Ny —— o
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A, is the flow area for the segment nz n n,
d, is the depth for the segment
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Compound Trapezoidal Channel

1D Parallel Channel Analysis

Flows i Parallel Channel Analysis 10
€ >, € p e ) -
L (O V) —0 Q 8
e
A, is the flow area for the segment 6

Depth (m)

d, is the depth for the segment

0 0 i

—e— Parallel Channel Analysis

0 250 500 750 1000 1250 1500 1750 2000
Flow (m3/s)
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Compound Trapezoidal Channel

1D Parallel Channel Analysis

Run at range of cell sizes from 60 m down to 2 m
Run for 500 m3/s event
Parallel channel analysis predicts depth of 4.27 m

Expecting shallow depth on overbank areas
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Compound Trapezoidal Channel

No Turbulence

Modelled Results

Turbulence Off

A 1D parallel channel analysis

does not model turbulence
(i.e. shear between main channel
and overbank)
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Compound Trapezoidal Channel

No Turbulence

Modelled Results 8.0
- Parallel Channel Analysis
| —e— 5GS Off
Turbulence Off "?! — seson

A 1D parallel channel analysis

does not model turbulence
(i.e. shear between main channel
and overbank)
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Compound Trapezoidal Channel

No Turbulence

Modelled Results 80
- Parallel Channel Analysis
| —e— 5GS Off
Turbulence Off "1 — sgson

=—e— 5G5S with Material Sampling

A 1D parallel channel analysis

does not model turbulence
(i.e. shear between main channel
and overbank)
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Compound Trapezoidal Channel

Isotropic Turbulence

Modelled Results 50
- Parallel Channel Analysis
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Compound Trapezoidal Channel

Isotropic Turbulence

Modelled Results
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Compound Trapezoidal Channel

Isotropic Turbulence

Modelled Results

Solid Lines:
Isotropic Turbulence On

Dashed Lines:
Turbulence Off
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Compound Trapezoidal Channel

Turbulence

With turbulence on, the results are converging to a
higher value i this is expected

Parallel Channel Analysis and 1D solvers do not
account for turbulence caused by velocity variation
across the channel

e 1

Ishikawa and Minoura (2011)
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Compound Trapezoidal Channel

Anisotropic Turbulence

What is anisotropic turbulence

A Separates the viscosity coefficients into longitudinal and
transverse components

A Longitudinal (in the direction of flow) is stronger, therefore
higher coefficient

u
z
¥ Free surface
T v
U L px J
H . /v
/
EEE— y 4
0 /5‘/
Channel bed
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Compound Trapezoidal Channel

Anisotropic Turbulence

Flume measurements in a compound channel TUFLOW Benchmarking

A Measured velocities across channel .
Blue line strongly

i i longitudinal anisotropic o=
Anisotropic turbulence 9 p
A Longitudinal and transverse coefficients /06 \ Black line
; ZEero transverse

A Best match to measurements using Red line
longitudinal coefficient >> transverse coefficient Isotropic

>.l|

\ 125,125,100, 130 250 250 250 P
e o 132;/ Crosses are o
z v measurements o
y 25 LS 1 0.5 0 0.5 1 115

Figure 2. Velocity measurement mesh, at £/ = 140 mm.

Dimensions in mm, 2016- Bousmar et at Uniform flow in prismatic compound channel Benchmarking numerical models

g TUFLOW



Compound Trapezoidal Channel

Anisotropic Turbulence

Modelled Results

8.0
- Parallel Channel Analysis
g g g | —e— 5GS Off
Thin Solid Lines: "1 sason
. —e— 5GS with Material Samplin
Isotropic Turbulence On 701 T cos on, Antssiropis Tubulence
o — 6.5
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255
Solid Yellow Line: 8 | -l -
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(New for TUFLOW 2021) ] il *‘ PN TS
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Compound Trapezoidal Channel

Conclusions

Conclusions from compound trapezoidal channel
A Channels do not need to be aligned with cells with SGS enabled

A 1D scheme and 2D without turbulence match
(as would be expected)

A With turbulence on and velocity variation across channel, 2D provides a higher levels
(as would be expected)

A Requires several cells across channel to model velocity gradient

A Evidence anisotropic turbulence generates improved velocity profile

A Literature indicates longitudinal rate >> transverse rate
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Case Study 11 Urban

Newcastle, Australia

Throsby, Cottage and CBD Flood Study completed in 2007
A Detailed flood investigation incorporating:

A Data compilation, review, and acquisition of missing data
A Develop and calibrate hydrologic and hydraulic models

A Design event selection, modelling and mapping
Excellent calibration datasets, especially 1990 flood

Very high-quality input datasets

Previous webinar: direct rainfall c.f. hydrology

https://www.tuflow.com/library/webinars/#feb2021 direct rainfall
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Case Study 11 Urban

Throsby Creek Flood Study

[ Model Area
Ouside Throsby Creek
Catchment

City of Newcastle, NSW, Australia
(Population: 450,000)

A Highly urbanised catchment

A Heavily engineered
(Concrete open channels and culverts)

A Calibration to 1988 and 1990 events
A 1990 ~ 1 in 80-year event
A Confirmation post study to 2007 event (~1 in 100)
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Case Study 11 Urban

Throsby Creek Flood Study

[ Model Area
Ouside Throsby Creek
Catchment
Elevation (mAHD)
M -5
o
I 15
30
B 45
760

Very High-Quality DEM
A High resolution photogrammetry
A Longitudinal field survey of all open channels

Excellent Hydraulic Structure Data
A Detailed field survey
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Case Study 11 Urban

Throsby Creek Flood Study

[ Model Area
1D Channels
= 1D Bridge
=== 1D Open Channel
| — 1D Culvert
. 2D Land Use
S [ Grass
[ | I Parkland

W [ Road

Detailed land-use mapping

| I Concrete
v [ Riparian
1\ [ Dense Vegetation
S84 W Building
[ | Urban block
=== Il Concrete Channel
[ Bare Earth
I water
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Case Study 11 Urban
Throsby Creek Flood Study

Base Hydraulic Model

A 1D network for open channels, bridges, culverts,
and pipes

A 10 m 2D cell size (SGS On)
A Direct rainfall

~ { hf - W 4
D V'elffc{;y‘ A
AT )
:f’, . ., -
1D/2D Open
Channel

Link Layer Network.

Layer

B¥ (] Model Area

1D Channels

= 1D Bridge

=== 1D Open Channel
=== 1D Culvert

2D Land Use




Case Study 11 Urban

1990 Flood i Recorded Rainfall

A 11 Pluviographs | T =

Quside Throsby Creek
< : . ;o y RS Catchment
A 7 within or close to catchment ¥ > ; ' ? : | @ Pluviograph Location
(this is very rare for urban catchment!) K. : : j el
A 370-450 mm over 48 hours OB -
500 — Merewet‘her
——— National Park 3
—— Heaton
—— Kotara
40071 —— Charlestown
—— Cardiff
—_ Wood}ands
E T e
= 3007 —— wallsend Pk 7 -
% —— Toronto /4/_/:’ 1 2 7 g
S 200
: ,
100 f
0 ﬂ’J :

0 12 18 24 30
Time in hours from 1990-02-02 00:00




Case Study 11 Urban

1990 Flood i Recorded Water Levels

Three in-bank stream gauges EPE N N T

Grade 1 Mark

A Very rare for urban catchments : | [V o Grode 2 Mark

Grade 3 Mark
*  Grade 4 Mark

Flood marks
A 52 peak and debris marks

A Classified as Grade 1 (accurate)
to Grade 4 (least reliable)

A 27 Grade 1 (e.g. high water mark in building)

A 5 Grade 2 (e.qg. reliable debris mark)

A 17 Grade 3 (e.qg. reliable observation, but not at peak)
A 3 Grade 4 (e.g. rough observation)
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Case Study 11 Urban

Calibration Check i 1D Inbank

. . Observed Jellicoe == 1D Inbank - Jellicoe
Gau gec alibration . Observed Bates —— 1D Inbank - Bates
* Observed Litchfield 1D Inbank - Litchfield
10

- - = =
1990 Flood Newcastle. Courtesy David Gibl

Surrounding flood marks show Bates
gauge heights recorded too low, but shape
is reliable. Velocities in excess of 5 m/s.

Level (mAHD)

0 6 12 18 24 30 36
Time in hours from 1990-02-02 09:00

1990 Flood Newcastle. Courtesy David Gibbins, Newcastle City Council.
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Case Study 11 Urban

Objective for this Webinar

What happens if 1D in bank replaced with 2D?
Culverts, pipes and bridges stay as 1D structures with 2D in bank

SX connections between 1D structures and 2D

[ HE
)

Quadtree mesh: .
A 4 levels of refinement ITh ! ]/

|
A 32, 16, 8, 4m ]
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Example results of mapping

Quadtree mesh: L | e
7553 : : Reﬁnerr:n:‘:‘:el

A 4 levels of refinement
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Example results of mapping

Quadtree mesh: i e
(mAHD)
A 4 levels of refinement ' i D

|||||||||

B8e0 250 500m
| |
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Example results of mapping

Quadtree mesh:
A 4 levels of refinement




Example results of mapping
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Case Study 11 Urban

2D Inbank Comparison

Observed Jellicoe = 1D Inbank - Jellicoe
A Remove 1D Open Channels . ObservedBatss = 1D Inbank. Bates
Observed Litchfield 1D Inbank - Litchfield
10
8

"B O catchment
10720 Interfaces

4 — 1D Open Channel
4 1D Culvert.

Bates gauge recorded too low, but shape is reliable.

n (mAHD)
Band 1 (Gray)

Level (mAHD)

0 6 12 18 24 30 36
Time in hours from 1990-02-02 09:00




Case Study 11 Urban

2D Inbank Comparison

Observed Jellicoe ——— 1D Inbank - Jellicoe = 2D Inbank - Jellicoe
A Remove 1D Open Channels . ObservedBates  —— 1DInbank.Bates = 2D Inbank - Bates
i | ~ , Observed Litchfield 1D Inbank - Litchfield === 2D Inbank - Litchfield
ANo Change in Manningos n values
8
O 6
X
£
3 Bates gauge recorded too low, but shape is reliable.
>
84
2
0 } | | } !
0 6 12 18 24 30 36

Time in hours from 1990-02-02 09:00
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