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How to Use This Manual i

How to Use This Manual

This manual is designed for both hardcopy and digital usage. It is provided in both its native Microsoft
Word format and as a pdf.

Section, Table and Figure references are styled like this and linked. In Word, to go to the link hold
down the control (Ctrl) key and click on the Section, Table or Figure number in the text to move to the
relevant page. In pdf, the links should be directly accessible.

Similarly, and most importantly, script or control file commands are hyperlinked and are easily accessed
through the lists at the end of the manual. To quickly go to the end of the manual press Ctrl End. There
are also command hyperlinks within the text (normally blue and underlined). Command text can be
copied and pasted into the text files to ensure correct spelling.

Web and email links are styled like this. An increasing amount of content now resides on the TUFLOW
Wiki with web links provided in the document to these pages. Other useful keys are Alt Left / Right
arrow to link backwards / forwards to the last locations. Ctrl Home returns to the front page, which also
contains useful links.

A secondary window can be opened in Word by selecting View, New Window or in Adobe Acrobat by
selecting Window, New Window, allowing you to view different sections of the document in different
windows. For example, the TUFLOW command lists could be viewed in one window and the section
describing the functionality in another window.

Constructive suggestions are always welcome (please email support@tuflow.com).

About This Manual

This document is the User Manual for the TUFLOW and TUFLOW HPC hydrodynamic computational
engines for the 2018-03 release. Of particular note for users of earlier releases is that superseded content
relating specifically to prior TUFLOW releases, especially prior to 2011-09, has largely been removed.

For changes to different releases refer to the links in Chapter 16, and for those particular to 2018-03 see
the 2018 release notes.

If simulating models using prior TUFLOW builds, reference may need to be made to the release notes
and documentation relevant for that particular build. These can be downloaded from the All TUFLOW
Downloads page or requested from support@tuflow.com.
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ArcMap/ArcGIS

attribute

Build

cell
centroid
channel
CnM

code

command

control file

.dbf

DTM

element

ArcMap, also referred to as ArcGIS, is distributed by ESRI
(http://www.esri.com). ArcMap is a GIS software package that can be used to
develop the georeferenced input data for TUFLOW. TUFLOW writes result
and check files which are compatible with ArcMap also.

Data associated with / or attached to a GIS object. For example, an elevation is
attached to a point using a column of data named “Height”. The “Height” of
the point is an attribute of the point.

The TUFLOW Build number is in the format of year-month-xx where xx is
two letters starting at AA then AB, AC, etc. for each new build for that month.
The Build number is written to the first line in the .tIf log files so that it is clear
what version of the software was used to simulate the model. The first Build
was 2001-03-AA. Prior to that, no unique version numbering was used.

Square shaped computational element in a 2D domain.

The centre of a region or polygon.

Flow/velocity computational point in a 1D model.

CnM is a Chezy C, Manning’s n or Manning’s M bed resistance value.

Code refers to the value assigned to cells to indicate a cell’s active or inactive
status. It must have a value of one of the following.

e -1 foranullcell, included in mesh, but excluded from the calculation.

e 0 for a permanently dry cell

e 1 forapossibly wet cell

o 2 for an external boundary cell (assigned automatically)

Instruction in a control file.

Text file containing a series of commands (instructions) that control how a
simulation proceeds or a 1D or 2D domain is built.

Industry standard database file format used by ESRI GIS .shp layers to store
attribute data.

Digital Terrain or Elevation Model

A discrete feature in a 1D domain model, for example, a node or channel. The
term “element” and “cell” are interchangeable for the 2D domain portions of
the model.
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fixed field

Fric

GIS

Read GIS

Grid
h-point
Invert
IWL
land cell
Layer

line

MapInfo

MAT

Material

QGIS

Lines of text in a text file that are formatted to strict rules regarding which
columns values are entered into. This format was used for previous versions of
ESTRY and TUFLOW and is no longer supported. If using an older version of
TUFLOW which requires this format, please refer to previous manuals for the
full documentation.

The field used to store bed friction information. This may be the material type
or ripple height.

Geographic Information System, for use in TUFLOW modelling it will need to
be able to import/export files in .mif or .shp format.

The TUFLOW command “Read GIS <data type> =="isused to input
spatial data into TUFLOW. For example Read GIS IWL ==
2d_IWL.mif Would be used to read into Initial Water Level (IWL) data.

The mesh of square cells that make up a TUFLOW model.
Computational point located in the centre of a 2D cell.

The elevation of the base (bottom) of a culvert or other structure.
Initial Water Level

A land cell is one that will never wet, ie. an inactive cell.

A GIS data layer (referred to as a “table” in MaplInfo).

A GIS object defining a straight line defined by two points. See also, polyline
(Pline).

Maplnfo is distributed by Pitney Bowes (http://www.mapinfo.com/). Maplinfo
is a GIS software package that can be used to develop the georeferenced input
data for TUFLOW. TUFLOW writes result and check files which are
compatible with MapInfo also.

Material type.

Term used to describe a bed resistance category or land-use. Examples of
different materials are: river, river bank, mangroves, roads, grazing land, sugar
cane, parks, etc.

QGiIS is freeware software (www.qgis.org/). QGIS is a GIS software package
that can be used to develop the georeferenced input data for TUFLOW.
TUFLOW writes result and check files which are compatible with QGIS also.
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Read MI

Read MID

.mid

.mif

node

null cell

obvert

pit

pit channel

pit inlet

point

“MI” indicates input or output of a GIS layer. Prior to the 2010-10 release the
only format TUFLOW recognised was the .mif format, hence the notation
“MI”. For example:

Read MI IWL == 2d IWL.mif

Since the 2010-10 release, TUFLOW also recognises the .shp format and the
notation “GIS” (Read GIS IWL == 2d_IWL.mif) is the preferred
option, however “MI” (Read MI IWL == 2d_ IWL.mif) may still be
used for .mif format file references.

See Read RowCol. Prior to the 2010-10 release the only format TUFLOW
recognised was the.mid format, hence the notation “MID”. The 2010-10
release also recognises the .dbf format and the notation “RowCol” is the
preferred option, however, the Read MID notation can still be used. The
functionality is identical between Read RowCol and Read MID. Other formats
such as comma delimited (.csv format) may also be used.

Maplnfo Industry standard GIS import/export file that contains the attribute
data of geographic objects in a .mif file. The .mif and .mid files are a pair, and
can’t be opened in GIS unless both files are present.

Maplnfo Industry standard GIS import/export file that contains the attribute
data types and the geographic coordinates of objects. The attribute data of the
objects is stored in the .mid file by the same filename.

Water level computation point in a 1D domain.

Node in a model mesh used for viewing 2D results in SMS. The nodes are
located at the cell corners.

Node is also used by Maplnfo to refer to vertices along a polyline or a region
(polygon).

A null cell is an inactive 2D cell used for defining the inactive side of an
external boundary.

The elevation of the underside (soffit) of a culvert or other structure.

A node with attributes that are used to define a pit channel. See Section 5.12.3
for more information on pits and pit channels.

A small channel inserted at a pit typically used to convey water from overland
2D domains to 1D pipe networks. See Section 5.12.3 for more information on
pits and pit channels.

The entrance to a pit channel (e.g. a gully trap). See Section 5.12.

GIS object representing a point on the earth’s surface. A point has no length or
area.
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polygon

polyline (or Pline)

polyline segment

region

Read RowCol

.shp

SMsS

shap

soffit

u-point

v-point

vertices

See region.

A GIS object representing one or more lines connected together. A polyline
has a length but no area.

One of the line segments that make up a polyline.

A GIS object representing an enclosed area (i.e. a polygon). A region has a
centroid, perimeter and area. Polygons can have internal holes.

Used to read input where the input of the attribute data of a GIS layer where

the first two attributes are the row and column of the 2D cells. The row and

column (often labelled “n” and “m”) are used to locate the cell or cell side so
that the other attribute data can be assigned to the cell. For example:

Read RowCol Mat == <file.mid or file.dbf>

As the cell row and column are referenced in the data, the spatial data does not
need to be read. This makes the file faster to read, however, if the cell size,
orientation, origin or extent are changed the file needs to be re-created. For
this reason the Read RowCol format is not frequently used.

ESRI GIS layer file containing the geographic coordinates of objects. This is
referred to as a Shapefile, however, a GIS dataset in Shapefile format will also
contain a number of additional file (.dbf, .shx, .prj).

Surface Water Modelling Software distributed by Aquaveo (formerly EMS-I)
(www.aquaveo.com). SMS can be used as an interface for TUFLOW, allowing
the user to view results and also to create a TUFLOW model within the SMS
interface. This is commercially available software and a licence is required.

When geographic objects are connected exactly at a point or along a side.
ArcMap, QGIS and Maplnfo all have a “snap” feature, which ensures the
features have the same coordinates. The snap tolerance can be changed in
TUFLOW using the Snap Tolerance command.

The elevation of the underside of a bridge deck or the inner top of a culvert.
Same as obvert. Note this manual uses the term obvert.

Computational point, midway along the right hand side of a 2D cell, where the
velocity in the X-direction is calculated. The cell’s left hand side also has a u-
point belonging to the neighbouring cell to the left.

Computational point, midway along the top side of a 2D cell, where the
velocity in the Y-direction is calculated. The cell’s bottom side also has a v-
point belonging to the neighbouring cell to the bottom.

Plural of vertex.
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vertex Digitised point on a line, polyline or region (polygon).

WrF Weir calibration factor for upstream controlled weir flow.

ZC A “C” Zpt located at the cell centre.

ZH A “H” Zpt located at the cell corners.

Zpt or Zpts Points where ground/bathymetry elevations are defined. These are located at

the cell centres, mid-sides and corners.
ZU A “U” Zpt located at the right and left cell mid-sides.

yA' A “V” Zpt located at the top and bottom cell mid-sides.
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1.1 Introduction

TUFLOW Products are a suite of world leading urban drainage, catchment flood and coastal simulation
software. It is developed through collaboration with universities and our users. We deliver software of
high scientific standard, that is rigorously benchmarked, practical, and workflow efficient.

The TUFLOW suite includes two separate product ranges:

1) TUFLOW’s Fixed Grid Solvers, using a matrix (grid) of square cells as the computation
structure. It includes two 2D engine options and a coupled 1D engine:

e TUFLOW Classic: A 2D implicit solver;
o TUFLOW HPC (Heavily Parallelised Compute): A 2D explicit solver; and

e ESTRY: TUFLOW’s native 1D open channel and underground pipe network
engine.

TUFLOW’s fixed grid solver includes world leading 1D/2D and 2D/2D dynamic linking and is
compatible for CPU and GPU hardware. These features are shown in Figure 1-1 and discussed
in detail within Section 1.2.

The fixed grid solvers are well suited to simulating integrated urban drainage situations (above
and below ground), distributed hydrology direct rainfall scenarios, catchment flooding, tides
and storm tide hydraulics.

This manual provides user guidance for TUFLOW?’s fixed grid solver.

2) TUFLOW'’s Flexible Mesh Solver uses a mesh of triangular and quadrilateral cells as the
computation structure. The flexible mesh solver is called TUFLOW FV. It has 2D and 3D
capabilities, and is suited to simulating flood, tide, estuarine, storm tide, tsunamis and coastal
hydraulics. TUFLOW FV includes numerous advanced add-on modules, such as the Advection
Dispersion, 3D and the Sediment Transport module. These modules provide features often
required for environmental assessments. These are discussed briefly in Section 1.3.

This manual DOES NOT provide user guidance for the flexible mesh solver. TUFLOW FV
documentation is available for download from the TUFLOW website.
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2D Fixed Grid 3
Design §

1D Underground Pipe Nested 1D River +
+ 2D Above Ground 2D Floodplain

2D/ 2D Multiple
Domain

Figure 1-1 Schematisation of Common TUFLOW Fixed Grid Solver Features

2D Flexible Mesh Design

3D Module Layer Options

Advection Dispersion
Module

Figure 1-2 Schematisation of Common TUFLOW Flexible Mesh Solver Features

For any enquiries about the fixed grid or flexible mesh solvers, please email sales@tuflow.com or

support@tuflow.com.
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1.2 TUFLOW (Classic and HPC)

TUFLOW is a computer program for simulating depth-averaged, one and two-dimensional free-surface
flows such as occurs from floods and tides, with the 2D solution occurring over a regular grid of square
elements. TUFLOW was originally developed for modelling two-dimensional (2D) flows, and stands
for Two-dimensional Unsteady FLOW.

TUFLOW incorporates two grid based solvers:

1) TUFLOW Classic: A second order semi-implicit solution available for computations using CPU
hardware on a single core; and

2) TUFLOW HPC (Heavily Parallelised Compute): A second order explicit solver. TUFLOW
HPC can run a simulation using multiple CPU cores, or alternately GPU hardware for high
speed execution (requiring the add-on GPU Hardware module).

TUFLOW Classic and HPC both include the full functionality of the ESTRY 1D network or quasi-2D
modelling system based on the full one-dimensional (1D) free-surface St Venant flow equations.

1.2.1 TUFLOW 2D Implicit Solver (Classic)

TUFLOW?’s implicit 2D solver is based on Stelling (1984), and is documented in Syme (1991). It solves
the full two-dimensional, depth averaged, momentum and continuity equations for free-surface flow
using a 2" order semi-implicit matrix solver. The scheme includes the viscosity or sub-grid-scale
turbulence term that other mainstream software omit. The initial development was carried out as a joint
research and development project between WBM Oceanics Australia (now BMT) and The University
of Queensland in 1989. The project successfully developed a 2D/1D dynamically linked modelling
system (Syme, 1991). Latter improvements from 1998 to today focus on hydraulic structures, flood
modelling, advanced 2D/1D and 2D/2D linking, and using GIS for data management (Syme, 2001a;
Syme, 2001b). TUFLOW has also been the subject of extensive testing and validation by BMT and
others (Barton, 2001; Huxley, 2004; Néelz and Pender 2013).

TUFLOW is specifically orientated towards establishing flow and inundation patterns in floodplains,
coastal waters, estuaries, rivers and urban areas where the flow behaviour is essentially 2D in nature and
cannot or would be awkward to represent using a 1D model.

A powerful feature of TUFLOW is its ability to dynamically link to 1D networks using the
hydrodynamic solutions of ESTRY, Flood Modeller, XP-SWMM and 12D. The user sets up a model
as a combination of 1D network domains linked to 2D domains. As such, the 2D and 1D domains are
linked to form one overall model.

TUFLOW Classic is the default 2D fixed grid solver.
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1.2.2 TUFLOW 2D Explicit HPC Solver

TUFLOW’s 2D HPC explicit solver was first developed in 2011 to harness the power of heavily
parallelised processing units found in Graphics Processing Units (GPU, also called a video or graphics
card)!. From the 2017 release onwards, TUFLOW HPC will be available on CPU, provided for free
with any TUFLOW Classic purchase. Access to use TUFLOW HPC on GPU hardware is provided
through the additional purchase of the GPU Hardware Module, discussed further in Section 1.2.6.

TUFLOW HPC is a 2D fixed grid hydrodynamic solver that uses an explicit finite volume solution that
is 2" order in space and 4™ order in time. TUFLOW HPC uses adaptive time stepping with the ability
to revert back in time should a numerical inconsistency occur, thereby providing extreme numerical
stability. The solution solves the full 2D free-surface equations including the inertia and sub-grid
turbulence (eddy viscosity) terms.

TUFLOW HPC’s solution scheme underwent extensive advanced development for the 2017 release.

e The spatial order was upgraded from 1%t to 2" order.

e It’s cell design was upgraded from a cell centred configuration, to a cell centre and face design.
This is the same configuration as TUFLOW Classic, discussed in Section 6.2. TUFLOW HPC
now treats all thin and thick breakline topography modification inputs identical to TUFLOW
Classic.

e TUFLOW HPC is now linked with TUFLOW’s 1D solver, ESTRY.

From 2017 onwards, TUFLOW HPC has the same advanced 2D/1D link functionality as TUFLOW
Classic, and is equally well suited to integrated urban drainage assessments where overland flow is
represented in 2D and the underground pipe network in 1D, or for catchment studies using nested 1D
open channels within a broader 2D domain.

TUFLOW HPC, whilst being a different numerical solver, uses the same model development framework
as TUFLOW Classic, with all of the power and flexibility of TUFLOW’s superior GIS functionality,
scripting and scenario/event management available.

From 2017 onwards, the HPC explicit solution scheme is used for simulation calculations if the Solution
Scheme == HPC command is specified. Otherwise TUFLOW Classic is the default 2D fixed grid solver.
Refer to Section 10 for more details on TUFLOW HPC.

1.2.3 TUFLOW 1D Solver (ESTRY)

ESTRY is the primary 1D engine used by TUFLOW. ESTRY solves the full one-dimensional (1D)
free-surface St Venant flow equations using a Runge-Kutta explicit solver, and is in its own right a
powerful 1D network dynamic flow software suitable for modelling of floods, tides (and/or surges) and
pipe networks in a virtually unlimited number of combinations.

I TUFLOW Classic’s 2D implicit solver is not as well suited to parallelisation as explicit solvers are due to dependencies within numerical
loops.
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The program has been developed by BMT (previously WBM Oceanics Australia) over a period of fifty
years and has been successfully applied to a wide range of investigations. The network schematisation
technique used allows realistic simulation of a wide variety of 1D and quasi-2D situations including:
complex river geometries; associated floodplains and estuaries; and urban channel and pipe network
systems. By including non-linear geometry it is possible to provide an accurate representation of the
way in which channel conveyance and available storage volumes vary with changing water depth, and
of floodplains and tidal flats that become operable only above certain water levels.

There is a considerable amount of flexibility in the way the network elements can be interconnected,
allowing the representation of a river by many parallel channels with different resistance characteristics
and the simulation of braided streams and rivers with complex branching. This flexibility also allows a
variable resolution within the network so that areas of particular interest can be modelled in fine detail,
with a coarser network representation being used elsewhere.

In addition to the normal open channel flow situations, a wide range of additional channel types are
available including:

e  Circular, rectangular (box) and irregular culverts;

e  Pit or manhole inlets;

e Bridges;

e Weir channels (including V-notch, ogee, crump broad crested and user defined);

e Spillway, radial and sluice gates;

e  Pumps; and

e User defined structures.

All channel types can be specified as uni-directional, which allows flow in only one direction (upstream
to downstream). The engine can handle both subcritical and supercritical flow regimes.

The type of information provided as output by the model for a flood or tide simulation includes the water
levels, flows, and velocities throughout the area being modelled for the simulation period. Other
information available includes maximum and minimum values of these variables as well as total integral
flows (integrated with time) through each network channel.

The ESTRY 1D model is described in detail in Chapter 5.

1.2.4 TUFLOW Advection Dispersion and Heat Balance (AD) Module

TUFLOW’s AD (advection dispersion) module is available using TUFLOW’s 2D Implicit solver,
TUFLOW Classic. It provides the capability to simulate constituent fate and transport in receiving
waters. It is applicable to:

e Mixing in inland waterways;

o Fate of plumes;

e  Flushing assessments;
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o Advanced atmospheric heat exchange routines simulating thermal mixing and plumes;

TUFLOW’s AD User Manual is a separate document that can be downloaded from www.tuflow.com.

1.2.5 TUFLOW Multiple 2D Domain (M2D) Module

TUFLOW’s M2D (multiple 2D domain) module is available using TUFLOW’s 2D Implicit solver,
TUFLOW Classic. The module provides the capability to nest areas of finer mesh resolution within a
coarser resolution fixed grid domain, as shown in_Figure 1-1. A key feature of the TUFLOW M2D
module is the ability to multiple domains at an offset angle from each other. TUFLOW also provides
full flexibility regarding the nesting extent. Multiple 2D domain modelling is discussed in Section 8.4

1.2.6 TUFLOW GPU Hardware (GPU) Module

TUFLOW’s GPU module provides TUFLOW HPC access to GPU hardware (cards). Modern GPU
cards have large numbers of processing cores (at the time of writing a single card may have in excess of
4,000 cores). By utilising multiple GPU cores, significant run time benefits can be achieved using
explicit schemes. This benefit is most pronounced for very large models (in terms of number of cells:
>1,000,000).

TUFLOW HPC was linked with TUFLOW’s 1D solver, ESTRY in 2017. This update means simulations
including TUFLOW’s well know advanced 1D/2D link functionality can be run on TUFLOW HPC
using GPU hardware. Prior to the 2017 release the GPU hardware module was limited to 2D only
applications.

The runtime benefits of the GPU hardware module make it extremely powerful for modelling situations
with millions of cells. Models of this size may have otherwise been too computationally intensive for a
CPU type model. As such, TUFLOW HPC using the GPU hardware is well-suited to accurate
assessment of:

e Large-scale overland flow situations, using direct rainfall applied to the hydraulic model or
via external inflows sourced from a hydrologic model;

o Integrated urban drainage assessments, where high resolution detail is required to depict the
urban topography and it’s interaction with 1D features representing the underground pipe
network; and

e  Fine-scale modelling.

User information specific to the TUFLOW HPC and its GPU Module are provided in Chapter 10 of this
document.
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1.3 TUFLOW RV

TUFLOW FV is a 2D and 3D flexible mesh, finite volume numerical model that simulates
hydrodynamic, sediment transport and water quality processes in oceans, coastal waters, estuaries, rivers
and floodplains. The finite volume numerical scheme solves the conservative integral form of the non-
linear shallow water equations (NLSWE). The equations can be solved in 2D (vertically averaged) and
3D. The key TUFLOW FV scheme features include:

e  The ability to intrinsically handle shocks.

e  Subcritical, supercritical and transitional flows.

e Local (and global) conservation of numerical precision.
o Robust wetting and drying.

e 1stand 2" order spatial schemes.

TUFLOW FV is also dynamically linked with TUFLOW’s 1D (ESTRY) solver’s hydraulic structure
routines, with full linkage planned for 2017.

The flexible mesh model structure allows users to modify mesh resolution spatially, seamlessly
increasing the model resolution in areas of interest. This modelling approach reduces the number of
computation cells in a model and hence reduces simulation times. Additionally, TUFLOW FV has been
parallelised. This means users can fully capitalise on the computing power of multiple processor/thread
computers. It is configured to run on Windows and Linux operating systems.

TUFLOW FV utilises different model development platforms compared to the more simplistic grid
based approach of TUFLOW. Typically, a third-party flexible mesh generator is utilised.

TUFLOW FV also has a range of modules, including:

e AD (advection dispersion) module that provides the capability to simulate constituent fate and
transport in receiving waters. Is suited to investigations into salinity, temperature and
sediment concentrations that require the 3D simulation of density driven currents. The AD
scheme forms the core of subsequent sediment and water quality capabilities.

e ST (sediment transport) module that provides the ability to simulate cohesive and non-
cohesive sediment transport, linked to hydrodynamic response via a morphological update
routine to simulate evolution of bed features. Applications include: river, estuarine and coastal
morphology; shoreline processes; and scouring and bank stability.

e  Water quality modelling is available using TUFLOW FV in combination with the Aquatic Eco
Dynamics (AED) model, developed by the University of Western Australia. This is currently
a bespoke service, with a commercial version is currently being finalised.

TUFLOW FV is currently sold and documented as a separate product. The Scientific Reference and
User Manual can be downloaded from www.tuflow.com.

For further information on TUFLOW FV please contact info@tuflow.com or sales@tuflow.com.
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1.4 Limitations and Recommendations

TUFLOW is designed to model free-surface flow in coastal waters, estuaries, rivers, creeks, floodplains
and urban drainage systems. Flow regimes through structures are handled by adaptation of the 1D St
Venant Equations and the 2D Shallow Water Equations using standard structure equations. Supercritical
flow areas can be represented (see note below).

Limitations and recommendations to note are:

e In areas of super-critical flow through the 1D and 2D domains, the results should be treated
with caution, particularly if they are in key areas of interest. Hydraulic jumps and surcharging
against obstructions can be complex 3D flow phenomena that are represented by 1D solutions
as an occurrence between computational nodes and only approximately represented by 2D
solutions.

e  The Smagorinsky viscosity formulation is preferred over the constant viscosity formulation to
model sub-cell turbulence (Barton, 2001). This is the default approach in TUFLOW. It is
always good practice to carry out sensitivity tests to ascertain the importance of the viscosity
coefficient(s) and formulation, which will be more influential where the bed friction is low
(e.g. in tidal reaches and coastal waters) and there are significant changes in velocity direction
and magnitude causing sub-grid shear effects (e.g. downstream of a constriction).

e  Caution may be needed when using very small 2D cell sizes, particularly when the flow depth
is significantly larger than the cell width (Barton, 2001). Modelling on a very fine grid with
water depths much greater than the cell size may start to violate the assumptions of the 2D
equations. CFD (Computational Fluid Dynamics) codes that model turbulence and other terms
more accurately may be needed in these situations. The influence of the viscosity (sub-grid
scale turbulence) term can be particularly relevant. However, testing of models with very fine
cell sizes (down to 0.1m) has indicated that reliable results can be obtained, particularly in
urban areas where the flow depths are typically shallow.

e Modelling of hydraulic structures should always be cross-checked with desktop calculations
or other software, especially if calibration data is unavailable. All 1D and 2D schemes are
only an approximation to the complex 3D flows that can occur through a structure, and
regardless of the software used should be checked for their performance (Syme, 1998; Syme,
2001).

e There is no momentum transfer between 1D and 2D connections when using the sink/source
connection approach (SX link). The HX link does preserve momentum in the sense that the
velocity field is assumed to be undisturbed across the link, but the velocity direction is not
influenced by the direction of the linked 1D channel. In most situations these assumptions are
not of significant concern, however, they may influence results where a large structure
(relative to the 2D cell size) is modelled as a 1D element. TUFLOW also has a range of
options for modelling large structures in the 2D solution scheme.
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1.4.1 UK Benchmarking Study

The “Desktop Review of 2D Hydraulic Modelling Packages” report (Néelz and Pender 2009) released
in the United Kingdom by the Environment Agency highlighted the rapidly growing number of
hydraulic modelling packages available for flood inundation estimation. A vast amount of
documentation exists on appropriate applications of each modelling package however little of it
discusses the influence that the choice of modelling package may have. The conclusions of the report
recommended a series of benchmarking test cases to provide guidance on choosing the appropriate
modelling package for future applications.

In response to the recommendations, a series of 10 2D flood inundation modelling benchmarking tests
were conducted in 2010 using a variety of modelling packages. Additional testing was undertaken in in
2012 and published in 2013 due to the availability of new modelling packages and the further
development undertaken on existing modelling packages. 15 software development organisations tested
a total of 19 modelling packages. The results are documented in the report, “Benchmarking the Latest
Generation of 2D Hydraulic Modelling Packages” (Néelz, S. and Pender, G. 2013).

TUFLOW was submitted for the initial phase of testing in 2010 with all three 2D schemes, TUFLOW’s
implicit and explicit GPU solvers, and TUFLOW FV’s explicit solvers undergoing the more recent
phase of testing in 2012. The results demonstrated consistency between each of the three TUFLOW
engines and with other fully dynamic schemes. All three TUFLOW engines were found to be suitable
for the following applications:

e Prediction of inundation extent;

e  Prediction of maximum depth;

e  Prediction of maximum velocity;

e Prediction of temporal variation in inundation extent;

e Prediction of temporal variation in depth; and

e Prediction of temporal variation in velocity.

The 10 tests are outlined in Table 1-1 below. For further information refer to “Benchmarking the Latest
Generation of 2D Hydraulic Modelling Packages” (Néelz, S. and Pender, G. 2013).

Subsequent to the 2013 submission we have rerun the UK benchmark models using the 2017-09 release
of TUFLOW, as such including TUFLOW HPC for the first time. The updated results are available from
the Solution Benchmarking page of the TUFLOW Wiki.
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Table 1-1

Summary of United Kingdom Environment Agency Benchmark Tests

Test .
Description Purpose
Number

1 Flooding a disconnected water body Assess basic capability to simulate flooding of
disconnected water bodies on floodplains or
coastal areas.

2 Filling of floodplain depressions Tests capability to predict inundation extent and
final flood depth for low momentum flow over
complex topographies.

3 Momentum conservation over a small | Tests capability to simulate flow at relatively low

(0.25m) obstruction depths over an obstruction with an adverse slope.
4 Speed of flood propagation over an Tests simulation of speed of propagation of flood
extended floodplain wave and the prediction of velocities at the
leading edge of the advancing flood.

5 Valley flooding Tests simulation of major flood inundation at the

valley scale.
6A and 6B | Dam break Tests simulation of shocks and wake zones close
to a failing dam.

7 River to floodplain linking Evaluates capability to simulate flood volume
transfer between rivers and floodplains using 1D
to 2D model linking.

8A and 8B | Rainfall and sewer surcharge flood in | Tests capability to simulate shallow flows in
urban areas urban areas with inputs from rainfall (8A) and
sewer surcharge (8B).
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1.5 Modelling Environment

TUFLOW does not have its own graphical user interface, but utilises GIS and other third-party GUI
software for the creation, manipulation and viewing of data.

Text files are used for controlling simulations and simulation parameters, whilst the bulk of data input
is in GIS formats. The GIS approach offers several benefits including:

e  The unparalleled power of GIS as a “work environment”;

e The many GIS data management, manipulation and presentation tools;

e Input data is geographically referenced, not 2D grid referenced, allowing the 2D cell size to
be readily changed;

e Efficiency in producing high quality GIS based mapping for reports, brochures, plans and
displays;

e  Flexibility in choice of GIS package;
e  Seamless handover of model inputs and results to clients requiring data in GIS format; and

e Better data quality control.

Section 2.1 outlines a variety of GUI software packages that may be utilised for constructing and
visualising TUFLOW models.

A range of graphical interfaces are also available which allow the user to prepare spatial inputs, model
control parameters, start TUFLOW simulations and view outputs from a single interface. Available
Graphical interface options are discussed more on the TUFLOW website.

Regardless of the GIS package or interface used, the TUFLOW control files, GIS layers and modelling
concepts are the same as outlined in this manual. This manual only focuses on TUFLOW'’s integration
with GIS. For information and documentation on third-party TUFLOW GUIs, refer to the Graphical
User Interfaces currently available.
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2.1 The TUFLOW Modelling Concept

TUFLOW offers a different, but more powerful and efficient approach to modelling compared with
other hydrodynamic modelling software. TUFLOW scripts (control files) allow modellers to readily
and easily setup, modify and run numerous simulations, whether it be different calibration events, a
batch of design events or various what-if scenarios investigating flood mitigation options. Combined
with the power of GIS, the TUFLOW concept offers substantial benefits in terms of efficient workflow,
modifications to models, quality control and user satisfaction, especially on investigations involving the
examination of a multitude of events and “what-if”” scenarios.

For those modellers preferring to work predominantly within a Graphical User Interface, there are also
several third party options as discussed later in this chapter. For experienced modellers, the ability to
be able to essentially script up a model, and use GIS in combination with these GUIs, offers a highly
proficient arrangement by utilising the optimal software for different modelling tasks.

The fundamental software necessary for building and viewing TUFLOW models are:

e Atexteditor.
e  Spreadsheet software.
e  GIS software that can import/export .mif files or .shp files.

e 3D surface modelling software for the creation and interrogation of a DTM, and for importing
3D surfaces of water levels, depths, hazard, etc. This functionality is available in most GIS
packages, sometimes as an add-on.

e GIS and/or a GUI for viewing results.
The above combination of offers a very powerful, workflow efficient and economical system for 2D/1D
hydraulic modelling, driven by the unparalleled range of features and functionality available in

TUFLOW, and the efficient modelling workflow that is generated using TUFLOW scripts or control
files.

Suggested software packages include (but are not limited to) those listed in Table 2-1.
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Table 2-1 Suggested Supporting Software

Software Type ‘ Suggested Software

Text Editor UltraEdit / TUFLOW Wiki UltraEdit Tips

Notepad++ / TUFLOW Wiki Notepad++ Tips

Textpad / TUFLOW Wiki Textpad Tips

Other: Any text editor can be used for creating TUFLOW control files,
including the Microsoft Windows default, Notepad. However, the above
listed editors are recommended. They allow for advanced options, such as
colour highlighting of TUFLOW control files and launching TUFLOW
simulations from the editor — see downloads on this TUFLOW page.

Spreadsheet Software | Microsoft Excel / TUFLOW Wiki Excel Tips

Libre Office

GIS Platforms ArcGIS with Spatial Analyst
TUFLOW Wiki ArcGIS Tips

Maplnfo Professional with Vertical Mapper or equivalent

TUFLOW Wiki MaplInfo Tips

QGIS with the TUFLOW Plugin (providing a range of pre and post
processing, 1D and 2D result viewing tools.

TUFLOW Wiki QGIS Tips

GUI Platforms 12D Model / TUFLOW Wiki 12D Model Tips
(Addltlonal_ toor as_ Blue Kenue
an alternative to using
GIS) Ensight
FEWS

Flood Modeller

SMS / TUFLOW Wiki SMS Tips

WaterRIDE

XP2D

Figure 2-1 illustrates an overview of the data input and output workflow:

e The GIS system is used to set up, modify, thematically map and manage all geographic data.
e Time-series and other non-geographically located data is tabulated using spreadsheet software.

e The text editor is used to create and edit TUFLOW simulation control files. The control files
list all the simulation commands and file path references to the above mentioned GIS and
tabular datasets.

o TUFLOW outputs results in text editor, spreadsheet, GIS and a variety of industry standard
mapping formats for GUIs.
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Figure 2-1 TUFLOW Data Input and Output Structure
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2.2 Graphical User Interface (GUI) Options

The following GUI options are available if a complete Graphical User Interface (GUI) that allows the
user to create, manage and view models and model output within the one interface is required, and/or to
view and animate results. For general information and links visit TUFLOW Graphical User Interfaces.

e SMS TUFLOW Interface (available as of SMS Version 9.2 or later)

e XP-2D is a module of the new XP-SWMM interface that offers a complete 1D/2D modelling
environment. The 1D XP-SWMM solution has been dynamically linked to TUFLOW 2D.

e Drainage 2D module available in 12D.

o Flood Modeller Pro (and the license free version Flood Modeller Free) available as part of the
Flood Modeller Suite offers the ability to prepare GIS layers to be used in TUFLOW models.
The 1D solution of Flood Modeller Pro has been dynamically linked to TUFLOW 2D.

e WaterRIDE for viewing, post-processing and querying TUFLOW results.
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2.3 Installing and Running TUFLOW

2.3.1 TUFLOW Downloads and Installation

TUFLOW does not have an automatic installation, but instead requires the user to copy or unzip the
downloaded files into a folder. Whilst this may seem “old-fashioned”, this approach allows the modeller
to have as many releases or versions of TUFLOW available as required, as there is often a need to run
or re-run legacy models using older TUFLOW versions. All TUFLOW versions, manuals and release
notes officially released are available from the All Downloads Page.

The TUFLOW software may even be located in a folder under the parent folder for the model, so that
the version of TUFLOW used for that particular model is associated and archived with the model. 1t’s
also possible to force a model to only run on a particular release or build of TUFLOW (see Model
TUFLOW Release or Model TUFLOW Build).

Section 11.4.1 provides more information on downloading and installing TUFLOW. Detailed step-by-
step instructions for new users are also provided on the TUFLOW Wiki.

2.3.2 USB Locks (Dongles) and Licencing

A TUFLOW licence is required to run TUFLOW, but is not required when using third party software
such as a GIS, text editor or GUI (for further information refer to Section 11.5.1 and/or to the installation
instructions on the TUFLOW Wiki). Licences are hosted on hardware locks (e.g. USB lock or dongle)
or software locks (eg. via a configuration file housed on a particular computer, server or cloud virtual
machine). TUFLOW can be used licence free for the TUFLOW Tutorial Models and in Free or Demo
Mode. In Free or Demo Mode there are limitations on the maximum number of 2D cells, 1D elements
and simulation time.

For third-party USB locks that have TUFLOW licences please refer to the vendor’s documentation for
configuring the licence.

2.3.3 Performing Simulations

TUFLOW simulations are started by running the TUFLOW executable and passing the input TUFLOW
control file. There are a number of ways of initiating simulations:

¢ Running a batch file. Batch files can be set up to loop through events and scenarios to run a
multitude of simulations or to push simulations to different processors.

e From the text editor — ideal for one off simulations especially whilst constructing a model.
o Directly from a GIS.

e Using Microsoft Explorer to right click and run.

e Viaa GUI, such as the SMS TUFLOW Interface or 12D.

e Froma Command (Console) Window.
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Detailed descriptions on running TUFLOW from the above methods are provided on the TUFLOW
Wiki.
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2.4 Licence Free Simulations

2.4.1 Tutorial Models

Tutorial models are available for download from www.tuflow.com. The purpose of the tutorial is to
provide guidance on a number of the most commonly used TUFLOW features. The tutorial
documentation is provided within the TUFLOW Wiki. Documentation has been provided for
developing models within ArcGIS, Mapinfo, QGIS and for the SMS TUFLOW Interface.

There is no need to have a TUFLOW licence to simulate the tutorial model. Changes to the model’s
topography, boundaries and other inputs are allowed so that the user can test and try TUFLOW s various
features. The command, Tutorial Model == ON, must occur within the .tcf file to simulate the model
without needing a licence. An error will be generated if this command is included in any model other
than the Tutorial model on the web.

The tutorial models are fully supported via the TUFLOW support services, therefore, should you have
any queries please don’t hesitate to contact support@tuflow.com.

2.4.2 Demo Models

A series of demonstration models were developed as part of three “challenges” issued prior to the 2012
Flood Managers Association (FMA) Conference in Sacramento, USA. The objective was to establish
the variation in flood extents using different 2D software and modellers. Anyone could submit results,
and the results were presented anonymously at the 2D Modelling Symposium held on the first day of
the conference.

The three Challenge Models were:

e Challenge 1: An urban environment with a concrete lined main channel and numerous
structures.

e Challenge 2: A coastal floodplain with two river entrances to the ocean during a flood.

e Challenge 3: A levied river within an alluvial fan in an arid, irrigated area.

The models developed using TUFLOW were created within a week and ran for various scenarios for all
three challenges. The results of some 15 simulations were submitted and can be downloaded as pdf
documents from www.tuflow.com. Models 1 and 3 were 1D/2D linked models, with Model 3 including
some scenarios for soil infiltration using the Green-Ampt method. Challenge Model 2 was also
simulated using TUFLOW’s GPU solver and TUFLOW FV using a flexible mesh, providing an
interesting benchmark between all three 2D solvers. Positive feedback was received on TUFLOW’s

hydraulic accuracy, and on the impressively short turnaround the TUFLOW models were created,
simulated and results processed.

For those wishing to examine or run these models, they will be made available via the
FMA Challenge models page on the TUFLOW Wiki. The models can be run without a license by
specifying the command, Demo Model == ON, within the .tcf file.
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A database of over 80 example models, aimed at providing working examples of the most commonly
used features is available for download from the TUFLOW Wiki.

The demo and example models are fully supported via the TUFLOW support services, therefore, should

you have any queries please don’t hesitate to contact support@tuflow.com.

2.4.3 Free Mode

As of the 2016-03 release, setting Demo Model == ON also allows users to setup and simulate models
without a license so that users can trial or demo TUFLOW on small-scale models where:

The total number of 2D cells does not exceed 100,000 — this is the number of cells in the
bounding rectangle.

The total number of active 2D cells does not exceed 30,000.
The total number of 1D channels does not exceed 100.
There is only one (1) 2D domain.

Simulation time on the clock or CPU does not exceed 10 minutes.

Users operating in Free Mode can access TUFLOW support services under the same conditions as for a
purchased licence (see the TUFLOW Licence Agreement), with the main provision being that TUFLOW
support is not used as a substitution for TUFLOW training.
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2.5 Tips and Tricks

Useful tips and tricks for a variety of third party software used in the development and visualisation of
TUFLOW models have been collated on the TUFLOW Wiki. The guidance highlights how in-built
features or user-developed functions can be used to enhance and streamline the modelling process. Mew
content is added to the Wiki is updated regularly.

BMT have also developed the Mapinfo and TUFLOW Productivity Utilities (MiTools) to improve the
efficiency of setting up and reviewing TUFLOW models when using Mapinfo. The utilities enable
‘automation’ of many common repetitive tasks, saving valuable time and therefore money. The utilities
also allow the efficient creation and visualisation of key TUFLOW model inputs/outputs within the
Mapinfo environment. Other tools provide data checking and quality assurance functionality, thus
helping to minimise modelling errors. For further information or to arrange for a free 30 day evaluation
license, please contact mitools@tuflow.com.

Utilities for ArcMap and QGIS are undergoing continuous development. The ArcMap Toolboxis
available for download from the TUFLOW Website. The QGIS TUFLOW Plugin can be downloaded
directly from the QGIS plugin repository within the header drop menu of the program.
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2.6 Folders and File Types

2.6.1 Suggested Folder Structure

Table 2-2 presents the recommended set of sub-folders to be set up for a model. Any folder structure
may be used; however, it is strongly recommended that a system similar to that below be adopted. For
large modelling jobs with many scenarios and simulations, a more complex folder structure may be
warranted, though should be based on that below.

Table 2-2 Recommended Sub-Folder Structure

Sub-Folder Description

Locate folders below on the system network under a folder named “TUFLOW?” in the project folder
eg. J:\Project12345\TUFLOW
These folders should be backed up regularly

bc_dbase Boundary condition database(s) and time-series data for 1D and 2D domains.

Model .tgc, .tbc and other model data files, except for the GIS layers which are located in
the model\mi or model\gis folder (see below).

model\mi GIS layers that are inputs to the 2D and 1D model domains. Also GIS workspaces.
model\gis Model\mi\ - is typically used for Mapinfo formatted GIS files
model\gis\ - is typically used for other GIS formats (e.g. shapefiles)

runs .tcf and .ecf simulation control files.

Runs\log tIf or .elf log files and _messages.mif files (use Log Folder)

For large models the folders below can be located on a local hard drive under a folder “TUFLOW?” under the
project folder
eg. C:\Project12345\TUFLOW

These files are reproducible and do not need to be as rigorously backed up (model output archiving is however still

recommended at key project milestones.

See also the
results The result files (use Output Folder).
check GIS and other check files to carry out quality control checks (use Write Check Files).

Note:

o Files are located relative to the file they are referred from. For example, the path and
filename of a file referred to in a .tgc file is sourced relative to the .tgc file (not the .tcf file).
See also Section 4.3 for a discussion on absolute and relative file paths.

e  Whilst TUFLOW readily accepts spaces and special characters (such as ! or #) in filenames
and paths, other software may have issues with these. It is therefore recommended that spaces
and other special characters are not used in the simulation path and filename without prior
testing.
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o Filenames and extensions are not case sensitive in any TUFLOW control files.

2.6.2 File Types

The most common file types and their extensions are listed in Table 2-3. These files are generally
classified into the following categories:

e Control Files;

e Data Input Files;

e Data Output Files; and

e  Check Files.

Control Files are used for directing inputs to the simulation and setting parameters. The style of input
is very simple, free form commands, similar to writing down a series of instructions. This offers the
most flexible and efficient system for experienced modellers. It is also easy for inexperienced users to
learn.

Data Input Files are primarily GIS layers and comma-delimited files generated using spreadsheet
software. As of the 2010 version of TUFLOW the original fixed field data input formats are no longer
supported and an older version of TUFLOW will need to be used. If using fixed field formats you will
need to use an older version of TUFLOW (pre 2010) and refer to older documentation.

Data Output Files contain the 2D and 1D hydraulic results of the simulation in the following formats:

e Mesh and results files for viewing the 2D and 1D domains in output formats supported by the
following packages: SMS, WaterRIDE, Blue Kenue and 12D. A number of these software
packages also permit animations of the results to be created.

e .csv(comma delimited) text output of time series data for direct input into spreadsheet software
such as Microsoft Excel.

e GIS raster (gridded) format in .asc or .flt format for viewing results surfaces.
e  GIS vector formats (.mif/.mid or .shp) for viewing 2D and 1D domain results.

e Textfiles that log the simulation.

In addition, several post-processing utilities are used for transferring data to GIS and other software (see
Section 15).

Check Files are produced so that modellers and reviewers can readily check that the constructed model
is as intended. Advanced models draw upon a wide variety of data sources. The check files represent
the final model dataset which is used for the simulation calculations. The check files take the following
forms:

e  GIS formats (.mif/.mid or .shp and .asc or .flt) for viewing an echo of the model input data and
also geographically locating any errors, warnings and checks;

e  Text files for checking parameter and tabular inputs.
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For more details see the TUFLOW check files section of the TUFLOW Wiki.

Table 2-3  List of Most Commonly Used File Types

File Extension Description

Control Files (Chapter )

TUFLOW Simulation tcf Controls the data input and output for 2D or 2D/1D Text
Control File simulations. The filename (without extension) is used
for naming all 2D domain files. Mandatory for all
simulations.
TUFLOW Boundary .thc Controls the 2D boundary condition data input. Text
Conditions Control Mandatory for a 2D or 2D/1D simulation.
File
TUFLOW Event File tef Database of .tcf and .ecf file commands for different Text
events.
TUFLOW Geometry .tgc Controls the 2D geometric or topographic data input. Text
Control File Mandatory for a 2D or 2D/1D simulation.
ESTRY Simulation .ecf Controls the data input and output for 1D domains. The Text
Control File filename (without extension) is used for naming all 1D

output files. Mandatory for a 1D or 2D/1D simulation.

TUFLOW Operating .toc Contains operating rules that can be applied to hydraulic Text
Controls File structures, pumps and other controllable devices
modelled as 1D elements. Each set of operating rules is
contained within a Control definition. More than one
structure/device can use the same control definition.

Read Files trd A file that is included inside another file using the Read Text
.erd File command in .tcf, .tgc and .ecf files. Minimises
.rdf repetitive specification of commands common to a group

of files. The file extension can be anything; .trd, .erd and
.rdf are most commonly used.

Data Input (Chapters to )

ArcGIS Shapefile shp ArcGIS’s industry standard for GIS layers. The .shp file Binary
Layers .dbf contains information on the GIS objects coordinates.
shx The .dbf file contains the attribute data information
] associated with the objects. Refer to the .tcf command
GIS Format.
Comma Delimited .CsV These files are used for boundary condition databases, Text
Files boundary condition tables, 1D cross-sections, 1D storage

tables, etc. They are opened and saved using spreadsheet
software such as Microsoft Excel.
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File

MapInfo MIF/MID
Files

Extension ‘

.mif
.mid

Description

Maplnfo’s industry standard GIS data exchange format.
The .mif file contains the attribute data definitions and
the geographic data of the objects. The .mid file contains
the attribute data.

The .mid files are of similar format to .csv files, so they
can be opened by Excel or other spreadsheet software.

The files are text based and can be scripted by advanced
users.

Format

Text

TUFLOW Materials
File

mf
.CSV

Sets the Manning’s n values for different bed material
categories in the 1D and 2D domains.

Text

TUFLOW Soils File

tsoilf

Sets the infiltration method and infiltration parameters
for different soil types in the 2D domains.

Text

Fixed Field Files

SMS Super File

Data Output (Chapter

variety of
extensions

)

sup

New models do not require or support any fixed field
input. However, older models (prior to the 2010-10
release) could utilise these formats. As the commands
are no longer supported the fixed field documentation
has been removed from this manual — see manuals prior
to 2007 downloadable from www.tuflow.com.

SMS super file containing the various files and other
commands that make up the output from a single
simulation. Opening this file in SMS opens the .2dm file
and the primary .dat files.

Text

Text

SMS Mesh File

.2dm

SMS 2D mesh file containing the 2D/1D model mesh
and elevations. It also contains information on materials
and 2D grid codes.

Text

SMS Data File

.dat

SMS generic formatted simulation results file.
TUFLOW output is written using the .dat format.

See Table 9-10 and Map Output Data Types for the
different .dat file outputs.

Binary

SMS XMDF File

xmdf

An alternative to using the .dat files described above.
xmdf files are much faster to access and can contain all
TUFLOW map output within a single file (rather than
one file per output type as for the .dat format).

See Table 9-10, Table 9-11 and Map Output Data Types
for the different .xmdf file data sets available.

Binary

WaterRIDE

wrb
.Wrc
wirr

WaterRIDE triangulated results file (.wrb) and/or grid
based output (.wrr). The .wrc is a master file used when
there are multiple file outputs.
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File ‘ Extension ‘ Description Format
BlueKenue 3s BlueKenue (National Research Council Canada) output
3v format. The .t3s contains scalar data and the .t3v
contains vector data.
ESRI 2-4sci raster .asc Gridded data in the widely used ESRI 2-4sci format.
grid This can be read in the majority of GIS platforms
including ArcMap, QGIS and MaplInfo.
Binary Float Grid flt Gridded data in the binary versions of the .asc format
(see above). This data is recognised by most GIS
packages and is much faster to read/write than the .asc
format.
12D Civil Solutions .tmo Format used by 12D for their TUFLOW interface.
Comma Delimited .CSV These files are used for 2D and 1D time-series data Text
Files output. They are opened and saved using spreadsheet
software such as Microsoft Excel.
MIF/MID Files .mif Used for GIS based output including graphing of 1D and Text
.mid 2D time-series output within GIS.
ArcGIS Shapefile .shp Used for GIS based output of 1D and 2D time-series Binary
Layers .dbf output within GIS. Refer to the .tcf command GIS
.shx Format.
prj
TUFLOW Restart Arf 2D domain computational results at an instant in time for | Binary
File restarting simulations.
ESTRY Restart File erf 1D domain computational results at an instant in time for Text
restarting simulations.
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File Extension

Check Files (Chapter )

Description

Format

TUFLOW Log File AIf A log file containing information about the 2D/1D data Text
input process and a log of the 2D simulation.
TUFLOW Summary tsf A log file containing a concise summary of the Text
File simulation which can be regularly updated during the
simulation.
ESTRY Output File .eof Original ESTRY output file containing all 1D input data Text
and results. This file is useful for checking 1D input data
and reviewing flow regimes in 1D channels.
Comma Delimited .CSV These files are used for outputting processed 1D and 2D Text
Files domain time-series boundaries and other data for
checking. They are opened and saved using spreadsheet
software such as Microsoft Excel.
MIF/MID Files .mif A range of 1D and 2D domain check files are produced Text
.mid for checking processed input data within a GIS.
ArcGIS Shapefile shp An alternative format to the MIF/MID files above. Refer | Binary
Layers .dbf to the .tcf command GIS Format.
.shx
prj
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2.6.3 Naming Conventions

As the bulk of the data input is via GIS data layers, efficient management of these datasets is essential.
For detailed modelling investigations, the number of TUFLOW GIS data layers has been known to reach
over a hundred for large complex models, although the majority of models would utilise five to twenty
layers. Good data management also caters for the many other GIS layers being used (aerial photos,
cadastre, etc.).

Different TUFLOW input files require different GIS attributes, for example an initial water level input
file only requires a single attribute (with the attribute — initial water level), whereas, a 1D channel has a
number of attributes (channel type, inverts etc.). Each of these file types is described in Table 2-4. It
is strongly recommended that the prefixes described in Table 2-4 be adhered to for all 1D and 2D GIS
layers. This greatly enhances the data management efficiency and, importantly, makes it much easier
for another modeller or reviewer to quickly interpret the model. The .tcf command Write Empty GIS
Files can be used to automate the creation of template files which use the recommended GIS data naming
convention. A detailed description on this topic and an example is provided on the TUFLOW Wiki.

Data input is structured so that there is no limit on the number of data sources. Commands are repeated
indefinitely in the text files to build a model from a variety of sources. For example, a model’s
topography may be built from more than one source. A DTM may be used to define the general
topography, while several 3D elevation lines (breaklines) define the crests of levees or roads. The
sequential approach to reading datasets offers unlimited flexibility and increased efficiency. This
layered approach also offers good traceability and quality control.

Refer also to Section 11.2 and 11.3 which provide further guidance on model naming conventions and
methods in which the same control files may be used to simulate multiple flood events and scenarios,
thereby reducing the potential number of files created.
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Table 2-4  GIS Input Data Layers and Recommended Prefixes

Refer to

Suggested

GIS Data Type Description

File Prefix

2D Domain GIS Layers: Refer to the

for further details

Section

Combined 1D / 2D 0d_rl This file contains lines and points defining Reporting 9.3.1
Time-Series Reporting Location(s) (RL) for 1D and 2D result time series
Location outputs graphs in Excel.
2D Auto Terminate 2d_at This file contains points defining locations where 11.6
Tracking Locations auto terminate tracking is desired.
2D Boundaries and 2d_bc_ Mandatory layer(s) defining the locations of 2D 6.4
2D/1D Links boundaries and 2D/1D dynamic links. For large 8.2.1.1
(2d_hx_) | models it may be wise to separate the boundary 8.2.12
(2d_sx_) | conditions from the 1D/2D links, in which case the
2d_bc prefix can be substituted with 2d_hx_ and
2d_sx_.
Cell code values may also be defined in this layer.
2D Cell Codes 2d_code_ | Optional GIS layers containing objects, typically 6.7
polygons that define the cell codes.
2D Flow Constrictions 2d_fc_ Optional layers defining the adjustment of 2D cells to 6.12.2
model structures such as bridges, box culverts, etc.
Whilst this is still supported the newer and more
flexible 2d_fcsh_ and 2d_Ifcsh_ are preferred.
Flow Constriction 2D 2d_fesh_ Points, lines and polygons that modify the 2D cell 6.12.2
and 3D Shapes sides flow width, place a lid (obvert or soffit) on a 2D
cell, additional energy losses, and other
modifications.
Gauge Level Output 2d_glo_ Optional layer defining the location of the gauge for 9.4.4
Location output based on water level rather than time intervals.
See Read GIS GLO.
2D Grid 2d_grd_ Optional layers used to define the 2D grid or mesh. 12.10
Now primarily used as a quality control check file (in
earlier versions was a mandatory input). Contains
information on the 2D cell: reference, code, material
and other information.
2D Initial Water Levels 2d_iwl_ Optional layer(s) defining the spatial variation in 2D 7.7.1.2
domain initial water levels at the start of the model
simulation.
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Suggested o Refer to
GIS Data Type : . Description .
File Prefix Section
Layered Flow 2d_Ifcsh_ | Poaints, lines and polygons that allow the user to 6.12.2.2
Constriction 2D and 3D modify the 2D cell sides, flow width, percentage
Shapes blockage, and additional energy losses, for up to
three vertical layers. Designed for modelling 2D
flow under and over bridges, pipes and other
obstructions across the waterway.
2D Grid Location 2d loc_ GIS layer defining the origin and orientation of the 6.5
2D grid. This layer is optional, however, is the
preferred method for defining the origin and
orientation of 2D domains.
2D Longitudinal Profile 2d_Ip_ Optional layer(s) defining the locations longitudinal 9.3.3
Output Locations profile output from the 2D model domain
2D Land-Use (Materials) 2d_mat_ Layers to define or change the land-use (material) 6.9
Categories types on a cell-by-cell basis.
2D Plot (Time-Series) 2d_po_ Optional layer(s) defining the locations and types of 9.3.3
Output Locations time-series output from the 2D domains.
Direct Rainfall 2d_rf_ Optional layer(s) defining the polygons of sub- 7.4.3
catchment areas for applying rainfall directly onto 2D
domains or rainfall grids.
2D Source over Area 2d_sa_ Optional layer(s) defining the polygons of sub- 7.4.2
2d sa rf catchment areas for applying a source (flow) or
2d_sa_tr rainfall directly onto 2D domains.
2d_sa_tr includes additional attributes required for
the SA Trigger option.
2D Soil Infiltration 2d_soil_ Optional layer(s) that define the soil types on a cell- 6.10
by-cell basis.
Variable (over time) 2D 2d_vzsh_ Points, lines and polygons defining the final 6.8.6
and 3D Shapes geometry of a breach or other variation in model
topography over time. Also includes points defining
trigger locations.
2D Elevations over an 2d_za_ Optional layer(s) that define areas (polygons) of 6.8.2
area elevations at a constant height. This file is typically
created by renaming the 2d_z__empty file.
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Suggested o Refer to
GIS Data Type . . Description .
File Prefix Section
Elevation Lines 2d_zIn_ Optional 2D or 3D breaklines defining the crest of 6.8.3
(Breaklines) ridges (e.g. levees, embankments) or thalweg of 6.8.5
(Ridges and Gullies) (2d_zlr ) gullies (e.g. drains, creeks). Ridges and gullies
(2d_zlg ) | cannotoccur in the same layer so 2d_zIr_is often
used for ridges and 2d_zlg_ for gullies.
These files are typically created by renaming the
2d_z__empty file.
2D Elevations as points 2d_zpt_ Layer(s) that define the elevations at the 2D cells 6.8.2
mid-sides, corners and centres.
2D and 3D Shapes for 2d_zsh_ Points, lines and polygons defining 2D and 3D 6.8.4
(Points, Lines, Polygons) 2d ztin shapes for changing the elevations. Lines can be 6.8.5

1D Boundaries

1D Domain GIS Layers: Refer to the

1d_bc_

specified with a width (thickness), and polygons are
used as the boundaries for creating TINs
(triangulations).

for further details

Layer(s) defining the locations of 1D domain
boundaries.

Note: Any links to the 2D domain are automatically
determined via the 2d_bc layer(s).

1D Bridge Losses

1d_bg_
1d_lc_

Optional layer(s) that provide links to tabular data of
loss versus height coefficients at a structure. The BG
stands for Bridge Geometry and the alternative LC
for Loss Coefficients.

For medium to large models, create a folder called
‘BG’ under the ‘Model’ folder and place the 1d_bg
tables in this folder along with all the linked .csv
files.

These files are typically created by renaming the
1d_tab_empty file.

(2]
-
N

1D Initial Water Levels

1d_iwl_

Optional layer(s) defining the spatial variation in
initial water levels at 1D nodes at the start of the
model simulation.

1D Manholes

1d mh_

Optional layer(s) defining the location and
parameters of manholes.
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Suggested Refer to

GIS Data Type Description
yp File Prefix b Section

1D Nodal Storage 1d na_ Optional layer(s) that provide links to tabular data of 5.114
storage surface area versus height at nodes.

For medium to large models, create a folder called
‘NA’ under the ‘Model’ folder and place the 1d na_
tables in this folder along with all the linked .csv
files.

1D Domain Network 1d_nwk_ Layer(s) that define the 1D or quasi-2D domain
1d nwke | network of flow paths (channels), storage areas
(nodes) and pit inlets (pits).

o
~

o1
[EEN
[EEN

1d_nwkb
The 1d_nwkb file uses a character field for the

“pBlockage” attribute instead of a numeric field.

(o]
(631
N

1D Water Level Lines 1d will_ Lines of horizontal water level (as judged by the

for Mapping of 1D modeller). These lines are used to generate 3D
results into 2D formats surfaces or water level, velocity and other output of
1D domains. This allows the combined viewing and
animation of 2D and 1D domains together.

[{e]
(6]
w

1D WLL Points 1d_wllp_ [ Points that define the elevations (usually from a
DTM) and material values across the WLLs. This
offers high quality viewing and mapping of the 1D
domains.

o1
[EEN
o

1D Tabular Input 1d_xs_ Optional layer(s) that provide links to tabular data of
1d tab cross-sectional X-Z (chainage-elevation) values or
H-W (height-width) values.

For medium to large models, create a folder called
‘XS’ under the ‘Model’ folder and place the 1d_xs_
tables in this folder along with all the linked .csv
files.
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3.1 Introduction

This chapter of the Manual discusses key considerations that should be addressed during the design
phase of a hydraulic modelling study, prior to the commencement of model build. Consideration of how
the model is to be schematised and selection of key model parameters may have a significant influence
on the accuracy, stability and simulation time of the model, and may avoid redundant work later in the
study.
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3.2 Model Schematisation

General guidance on model schematisation and best practice procedures is freely available. These
typically include discussion on data requirements, model conceptualisation, calibrating / sensitivity
testing models, etc. Two such guidance documents are:

e Two Dimensional Modelling in Urban and Rural Floodplains Stage 1 & 2 Report (Babister, M.
and Barton, C., 2012);

e Fluvial Design Guide (Environment Agency, 2010)

g TUFLOW
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3.3 Model Resolution

3.3.1 2D Cell Size

The cell sizes of 2D domains need to be sufficiently small to reproduce the hydraulic behaviour yet be
large enough to minimise run times to meet project deadlines. At the start of a project, the modeller
should determine the minimum cell size required to model the hydraulics accurately enough to meet the
study objectives. Preferably at least three to four cells across the major flow paths is recommended.

Figure 3-1 below shows the different flow patterns through an urban area arising from the use of three
different cell sizes. The larger 20m resolution is shown to be too coarse to depict the blockage caused
by the buildings. The 10m resolution provides a better representation of the buildings however is not
able to resolve the flow paths between the buildings. The 5m resolution in this example provides the
best estimation of the flood behaviour.

Figure 3-1 Impact of Cell Size on Model Results
(Tidal Thames Embayment Inundation Study, UK EA, Halcrow, TUFLOW, 2004)
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Minor flow paths may be more coarsely or not represented if they play no significant role hydraulically
in regard to meeting the modelling objectives. For example, minor drains across a floodplain may not
affect peak flood levels; in which case, it may not be necessary to model them.

If it is not possible to model a major flow path with a sufficient cell resolution (see Figure 3-2) the flow
path can be modelled as a 1D branch cut through the 2D domain (refer to Section 8.2). This may allow
a larger cell size to be used, and a greater area modelled in 2D, or a faster simulation time. For example,
the river or creek may be modelled in 1D and the floodplain in 2D.

2d model
representation

Natural ground state

Figure 3-2 Example of a Poor Representation of a Narrow Channel in a 2D Model

3.3.2 1D Network Definition

The adequacy of the 1D domain is primarily dependent on the network representation that is adopted.
Increased network detail will typically result in increased accuracy, though increased time and effort to
establish the model. The end result may require a compromise between the level of detail and the
manual effort required to create the model.

The first step in setting up a model is to define the flow patterns and to use each identified flow path as
the basis for a channel of the network. Following this step, the flow paths are linked at junctions, or
nodes, and each node is considered as a storage element, which accepts the flow from the adjoining
channels. In this way, the model is built up as a series of interconnected channels and nodes with the
channels representing the flow resistance characteristics.

For compatibility with the mathematical assumptions, the channels would ideally have more or less
uniform cross-sections with constant bottom slope and a minimum of longitudinal curvature. In practice
this requirement cannot always be met, particularly where a fine resolution of detail is not required in a
portion of the study area. In this case, a flow path is represented by an “equivalent” channel. Experience
has indicated that in most cases an adequate calibration can be achieved by deriving a single channel
equivalent to a number of parallel channels using the steady state Manning's relation for deriving the
equivalent channel characteristics.
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3.4 Computational Timestep

The selection of the timestep is critically important for the success of a model. The run time is directly
proportional to the number of timesteps required to calculate model behaviour for the simulation period,
while the computations may become unstable and meaningless if the timestep is greater than a limiting
value. This is known as the Courant stability criterion.

3.4.1 2D Domains (Courant Number)

For the 2D implicit TUFLOW Classic scheme, the Courant Number generally needs to be less than 10
and is typically around 5 for most real-world applications (Syme, 1991). For the 2D explicit TUFLOW
HPC scheme, the Courant Number needs to be less than 1. The 2D Courant Number is expressed by the
equation below.

_ At ,/2gH

Cr= —AX 2-D Square Grid (1)

Where:

At =timestep,s
Ax=lengthof model element,m

g = acceleration dueto gravity,ms™
H =depthof water,m

As a general rule for 2D TUFLOW Classic models, the Timestep (in seconds) is typically in the range
of 1/, to 1/, of the cell size (in metres). For a 10m model the timestep will typical be in the range 2 - 5
seconds. For steep models with high Froude numbers and supercritical flow, smaller timesteps may be
required. Itis strongly advised to not simply reduce the timestep if the model is unstable, but rather
to establish why it is unstable and, in most instances, correct or adjust the model topography, initial
conditions or boundary conditions to correct the instability. Refer to Section 14.3.2.

If the model is operating at high Courant numbers (>10), sensitivity testing with smaller timesteps to
demonstrate no measurable change in results is recommended.

The occurrence of high mass errors is also an indicator that the timestep is too high.

TUFLOW HPC uses an adaptive timestep approach to maintain unconditional stability and a Courant
Number less than 1.0 during a simulation. For HPC models, Timestep (in seconds) sets the initial
timestep for the simulation. A value comparable to what is appropriate for TUFLOW Classic is
recommended. TUFLOW HPC will automatically divide the value by 10 to use a number that is typically
applicable to an explicit solution scheme. All subsequent timesteps are automatically calculated using
an adaptive timestep approach governed by a range of control number criterion (including Courant,
Shallow Wave Celerity and Diffusion Numbers). Refer to Section 10.1.2 for further details.
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3.4.2 1D Domains ESTRY (Courant Number)

For the 1D channels the Courant criterion is expressed in the form:

C_At gr 1-D Sch 2
(= -D Scheme
Ax )

The timestep selected should not be greater than the minimum value for any channel (except non-inertial
channels such as bridges, culverts, etc.). Accuracy of the results is also influenced by timestep. The
limiting value adopted is usually a compromise between accuracy, stability and simulation time, and
sensitivity checks are recommended. The occurrence of mass errors may indicate the use of too high a
timestep.

Typical timestep values are 60 or 120 seconds for a model with a minimum channel length of 500 metres,
down to 1 second for 1D domains with small pipes. Where a few channels must be much shorter than
the rest, it may be economical to specify them as non-inertial channels. The timestep can then be chosen
on the requirements of the shortest remaining channel. Care should be exercised when specifying non-
inertial channels to ensure that errors are not introduced by the non-inertial representation, particularly
if these channels are in a region of interest. Any approximations can usually be assessed by a few
selected runs without the non-inertial approximation and with the necessary shorter timestep.

3.4.3 1D/2D Models

Different timesteps can be specified for the 1D and 2D domains, offering much greater flexibility in
setting timesteps and model resolutions. Where the same timestep is used in both 1D and 2D domains,
it is highly preferable that the 1D domains do not control the timestep, as typically 99% of the
computational effort is usually in solving the 2D domains.

Specifying a 1D timestep in a linked 1D/2D TUFLOW Classic model is optional. If a separate 1D
timestep is not specified using the Timestep command, the smallest 2D timestep is used. If the 1D
timestep is not equally divisible into the smallest 2D timestep, the 1D timestep is reduced automatically
so that it is equally divisible. For example, if the specified 2D timestep is 10 seconds and the 1D timestep
is 3 seconds, the 1D timestep will be reduced to 2.5 seconds (this is reported in the simulation log file).

1D/2D TUFLOW HPC simulations will automatically cause ESTRY to run in adaptive timestep mode.
The 1D ESTRY adaptive timestep will sync with the 2D TUFLOW HPC adaptive timestep. In this
situation the ESTRY Timestep is used as a maximum limiting value for the adaptive timestep
calculation. Refer to Section 10.1.3 for further details.

3.4.4 Adaptive Timestep
3.4.4.1 2D TUFLOW Classic

Adaptive timestepping can also be used for TUFLOW Classic simulations using the .tcf command
Maximum Courant Number has been introduced to TUFLOW Classic as part of the 2012-05 release.
This is an under-development feature that at present is only available for 2D only TUFLOW Classic
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models. Cr_max would typically be in the range from 2 to 10, but higher values up to 60 or more have
been successfully applied. Higher Cr-max values can be justified if consistent results are achieved using
a smaller Cr_max or a fixed timestep. The Timestep command is only used to set the initial timestep if
Maximum Courant Number is specified (Note: to avoid the simulation terminating early, specify an
initial timestep that is less than the average adaptive timestep — this is required so that sufficient space
can be allocated for storing time-series and other data written out at the end of the simulation). A
Cr_max value of 0 or less switches adaptive timestepping off (which is the default). The maximum rate
at which a timestep can increase is controlled by Timestep Maximum Increase. There is no limit to how
quickly the timestep can decrease.

Note that adaptive timestepping may slow the simulation down if there are a few locations in the model
that require a significantly reduce the timestep value below that normally used. Adaptive timestepping
can also be problematic for impact assessments if the timesteps in the before and after scenarios are
sufficiently different to cause some unusual and unexpected impacts away from the area of interest!

3.4.4.2 2D TUFLOW HPC

Adaptive timestepping is the default approach used by TUFLOW HPC. As such, the command
Maximum Courant Number is not required by TUFLOW HPC.

Note, the Timestep command is still necessary for HPC simulations, though is only used to set the initial
timestep. Refer to Section 10.1.3 for further details.

3.4.4.3 1D ESTRY

1D/2D TUFLOW HPC simulations will automatically cause ESTRY to run in adaptive timestep mode.
The 1D ESTRY adaptive timestep will sync with the 2D TUFLOW HPC adaptive timestep. Refer to
Section 10.1.3 for further details.
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3.5 Simulation Times

The simulation time of a model is dependent on several factors including:

e The area to be modelled;

e  The cell size of the model;

e The number of cells that are wet;

e  The duration of the simulation; and

e  The solution scheme (TUFLOW or TUFLOW HPC).
o  Computer Hardware (CPU or GPU)

Each of the factors listed above should be considered during the development of a model.

A simple spreadsheet has been created to estimate TUFLOW Classic simulation times based on the cell
size, catchment area and model run time (i.e. event duration). The spreadsheet can be downloaded from
the TUFLOW wiki. This spreadsheet is a guide as it has several assumptions including:

e The timestep;
e The number of calculations per second the computer can run; and
e The fraction of wet cells (this will change throughout the simulation);

However, it is still a useful guide. Reconsidering the model design is recommended if the spreadsheet
is estimating excessively long runtimes.

The speed at which TUFLOW simulations will run is dependent on the hardware that you are running
the simulation on. Newer and higher CPU frequency computers will run faster than older lower CPU
frequency computers. A hardware benchmark model is available from the TUFLOW wiki. This page
also contains the run times for the same model on a large range of computers.

There are several other factors that can affect the performance of TUFLOW simulations such as:
o How frequently output is written, with more frequent output slowing the simulation;
o Whether the 32-bit or 64-bit version of TUFLOW is used - the 64bit version will be faster.

e  Whether the single or double precision version of TUFLOW is used - the single precision
version will be faster. This is discussed in Section 11.4.2.

However, the primary influences will be the number of model cells, the duration of the simulation and
the timestep.

As outlined in Chapter 10, the TUFLOW GPU module may be utilised to speed up the simulations for
large TUFLOW HPC models.

AL TUFLOW
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3.6 Eddy Viscosity

Two options exist for specifying eddy viscosity for the 2D domains to approximate the effect of fine-
scale turbulence. The Viscosity Formulation and Viscosity Coefficient commands are used to set the
formulation and coefficient.

The first method (Viscosity Formulation == CONSTANT) applies a constant value throughout the

model, irrespective of velocity gradients and variations. This is generally satisfactory when the cell size
is much greater than the depth or when other terms are dominant (e.g. high bed resistance). The
recommended coefficient for the constant formulation is 1 m?/s.

The second (default) method (Viscosity Formulation == SMAGORINSKY) applies the Smagorinsky
formulation as given by the equation below. This formulation is preferred over the CONSTANT option
as the coefficient is recalculated every timestep at every cell mid-side according to the change in velocity
magnitude and direction. This results in higher coefficients being applied where there is greater
turbulence.

Note, if the formulation is changed, the user must also reset the coefficient using the command
Viscosity Coefficient.

The default Smagorinsky viscosity values are a coefficient value of 0.5 and constant value of 0.05 m?/s.
The 0.5 Smagorinsky coefficient is dimensionless (the viscosity coefficient in m2/s using the
Smagorinsky approach is recalculated every timestep using the Smagorinsky formula and varies
spatially and temporally). The viscosity coefficient can be output using the Map Output Data Types
command.

The defaults were previously 0.2 and 0.1 m?%s. Testing on the UK EA 2D benchmark Test 62 models
showed that the lower constant component produces improved results. For nearly all models the
influence of this change is negligible or minor, as the lower constant component and higher Smagorinsky
coefficient tend to cancel each other out. Further testing and research into flow patterns around fine-
scale objects is planned.

The Smagorinsky Formulation used by TUFLOW is:

A BER )

Where:

u and v = Depth averaged velocity components in the X and Y directions
x and y = Distance in the X and Y direction

u = Horizontal diffusion of momentum (viscosity) coefficient, m?/s or ft?/s
A, = Area of Cell

2 http://www.tuflow.com/Download/Publications/2012.06%20UK %20EA%202D%20Benchmarking%20Results. TUFLOW%20Products.pdf
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C . = Constant Coefficient (default = 0.05 m?/s)
Cs = Smagorinski Coefficient (dimensionless, default = 0.5)

The Smagorinsky approach features an enhanced treatment of the viscosity term at dry boundaries. The
approach will produce the velocity contouring as shown in the bottom image of Figure 3-3. The top
image shows slight flow separation along an oblique dry boundary that occurs without the enhanced
treatment. With the enhanced treatment (bottom image) no separation occurs, and the velocity increases
gradually from left to right as the water depth gradually shallows (the model has a horizontal bed). The
correct water surface slope is produced when compared with theory.

The Smagorinsky formula is cell-centred. This approach guarantees that symmetry is achieved in
hydraulic results (when using a symmetrical model) if using the Smagorinsky formula.

Flow separation along a dry oblique boundary without enhanced treatment of viscosity term

R LRt Rl S I L L L R L R XXX XTI LT XL LTI okt bbbt

B PP PP PP e i PP LYY

Correct velocity distribution using enhanced treatment of viscosity term at dry boundaries

Figure 3-3 Effect of Enhanced Dry Boundary Viscosity Term Treatment
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4.1 Introduction

This chapter of the Manual discusses the TUFLOW model input files, which include the control files
(text-based input files) and GIS layers (.mif or .shp formatted files). The different control files will be
discussed along with how different objects within the GIS layers are treated by TUFLOW. Further
information on the GIS model input layers is discussed in Chapters 5 and 6.
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4.2 Control File Rules and Notation

Control files, such as the tcf, .thc, .tgc and .ecf files, are command or keyword driven text files. The
commands are entered free form, based on the rules described below. Comments may be entered at any
line or after a command. The commands are listed in the index in Appendix A to Appendix F.

Note: TUFLOW control files are NOT case sensitive.

An example of a command is:

Start Time == 10. ! Simulation starts at 10:00am on 2/9/1962

This command sets the simulation start time to 10 hours. The text to the right of the “!” is treated as a
comment and not used by TUFLOW when interpreting the line.

Automatic colour coding of files for easy viewing is available for the following text editors: UltraEdit,
Notepad++ and TextPad. Instructions outlining how these software can be configured can be found on
the TUFLOW Wiki.

Commands can be repeated as often as needed. This offers significant flexibility and effectiveness when
modelling, particularly in building 1D and 2D model topography. Note that a repeat occurrence of a
command may overwrite the effect of previous occurrences of the same command.

The style of input is flexible bar a few rules. The rules are:

o A few characters are reserved for special purposes as described in Table 4-1;
e Command syntax is not case sensitive;
e  Only one command can occur on a single line;

o A fewcommands rely on another command being previously specified. These are documented
where appropriate.

Additional text can be placed before and/or after a command. For example, a line containing the
command Start Time to set the start time of a simulation to 10 hours can be written as:

Start Time == 10 or Start Time (h) == 10

The (n) text is not a requirement but is useful to indicate that the units are hours. Alternatively, start

Time == 10 ! hours Would also be acceptable, noting the use of the comment delimiter ““!”.
Blank lines are ignored. Spaces or indentations can occur at the start of the line. This is recommended
when using the logic control, as outlined in Section 11.3. The second line in the following example is

not required to be indented, however, it is recommended:
If Scenario == GPU

GPU Solver == ON
End If

The notation used to document commands and valid parameter values in Appendix A to Appendix G
are presented in Table 4-2.
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Table 4-1 Reserved Characters — Text Files

Reserved Character(s) Description

“#” or “1” A “#” or “1” causes the rest of the line from that point on to be ignored. Useful
for “commenting-out” unwanted commands, and for all that modelling
documentation.

== A “=="following a command indicates the start of the parameter(s) for the
command. Where there is more than one parameter, the parameter values are
read as free-field formatted, i.e. are space or comma delimited.

From the 2016-03 release onwards stricter rules apply when processing
command line syntax within the control files (.tcf, .tgc, .ecf etc.). The new rules
issue an ERROR if a "=="is not present in the command line syntax. For
example: "If Scenario = Exg" will produce an error. The correct syntax is "If
Scenario == Exg". Use Command Line Processing to switch this new rule off.

Table 4-2  Notation Used in Command Documentation — Text Files

Documentation Notation Description

<> Greater than and less than symbols are used to indicate a variable parameter.
For example, the commonly used <file> example is described below.

<file> A filename (can include an absolute or relative path, or a UNC path). See
Section 4.3 for a more detailed description.

[ {Opl} | Op2 ] The square brackets “ [ and “]” surround parameter options.
The “|” symbol separates the options.

The “{” and “}” brackets indicate the default option. This option is applied if
the command is not used.

For example, the options for the Maximums and Minimums command are:
[ ON | {ON MAXIMUMS ONLY} | OFF ]

Where the default is on MaxTMUMS ONLY (which stores the maximums, but not
the minimums).

spaces Spaces can occur in commands and parameter options. If a space occurs in a
command, it is only one (1) space, not two or more spaces in succession.

Spaces can occur in file and path names; however, third party software may not

allow this and as such is not recommended. If using spaces in filenames, batch
files will require that the filename is enclosed in quotes.
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4.3 Absolute and Relative File Paths

TUFLOW control files reference additional files, for example GIS files. The three methods that can be
used are absolute file path, relative file path and UNC file path referencing. A model can use any or all
these methods. However, relative file paths are typically preferred. Take an example of reading a GIS
layer containing initial water levels, the command is Read GIS IWL == <filepath>. The following are
all valid:

Absolute file path: read GIs WL == L:\Job\Job1234\TUFLOW\model\gis\2d IWL 001 R.shp

Relative file path: read GIS IWL == ..\model\gis\2d IWL 001 R.shp
UNC file path: Read GIS IWL == \\serverl\Job123/\TUFLOW\model\gis\2d_IWL_001_R.shp

For the relative file path, the path is relative to the file that is referring to it. In the case above, if the
command occurred in the .tcf file which is in the TUFLOW\runs\ folder the ..\ indicates to go up one
level (from TUFLOWAruns\ to TUFLOWA\) the model\ navigates into the TUFLOW\model\ folder, gis\
navigates from TUFLOW\model\ into TUFLOW\model\gis\). To go up more than one level simply use
.\ multiple times (e.g. ..\..\ would navigate up two folders). If the file sits under the same folder, then
the filename can be specified. In the below example the Model_Events.tef would need to sit in the same
location as the .tcf.

Event File == Model Events.tef

The paths are relative to the current control file, a command in the geometry control file
(TUFLOW\model\) would be relative to the .tgc location, not the .tcf location.

Using relative file paths has the advantage that the model can be moved or provided to another user and
the control files do not need to be updated, if the model uses an absolute or UNC file path, all references
will need to be updated if the model is moved.

Some large files may still use an absolute or UNC file path particularly where large datasets are shared
across models. This avoids the need to copy the dataset into multiple projects. An example is:

Read GIS IWL == \\serverl\share\Lidar\East Coast 5m.flt

If using LINUX at any point during the modelling tasks or pre/post processing, it is recommended to set
Use Forward Slash == ON.
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4.4  Units — Metric or US Customary/English)

The default unit settings for all inputs in a TUFLOW model are metric, however, it is possible to create
models using US Customary units (also known as Imperial or English units) by specifying the .tcf
command Units == US Customary (Units == Imperial or Units == English are also accepted are treated
identically). The equivalent input and output units are listed in Table 4-3.

This manual uses the metric term for documentation purposes. If your model uses US Customary
Units the metric term must be substituted for the equivalent US Customary unit as per Table 4-3
when reading this manual, unless otherwise stated.

Table 4-3 Model Units

Parameter Metric Units US Customary Units

Length m ft
Rainfall and initial loss mm Inches
Continuing loss mm/hr Inches/hr
Catchment area km? miles?
Constant eddy viscosity value m?/s ft?/s
Hazard categories (Z0 and ZUKO) mand s ftand s

If the Units == US Customary is specified, then any user defined values must also be specified in US
Customary units. Model units can be checked by searching for the relevant parameter in the .tIf file
(refer to Section 12.7).
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4.5 TUFLOW Control File (.tcf file)

The TUFLOW Control File (.tcf) file sets simulation parameters and directs input from other data
sources. It is the top of the tree, with all input files accessed via the .tcf file or files referred to from the
.tcf file. Each TUFLOW simulation must have a .tcf file. An example of a simple .tcf file is shown
further below.

The .tcf file must reference the following items as a minimum requirement:

e One .tgc file, using Geometry Control File for each 2D domain;

e  One .thc file, using BC Control File for each 2D domain;

e  One .ecf file, using ESTRY Control File if there are any 1D domains
(this file is optional — see below); and

e  One materials file, using Read Materials File if material (land-use) polygons are being used.
This file can be in either .tmf or .csv format.

Other mandatory or most commonly used .tcf commands are: BC Database, End Time, Map Output
Data Types, Map Output Interval, M| Projection or SHP Projection, Maximums and Minimums, Output
Folder, Start Time, Time Series Output Interval, Timestep, Write Check Files and
Write Empty GIS Files.

The Read File command is extremely useful for placing commands that remain unchanged or are
common for a group of simulations in another file (e.g. the MI Projection or SHP Projection command
will be the same for all runs within the same study area). This reduces the size/clutter of .tcf files and
allows easy global changes to a group of simulations to be made.

Other commonly used or useful .tcf commands are: BC Event Name; BC Event Text; Event File, Read
File, Cell Wet/Dry Depth; Instability Water Level; Read GIS FC; Read GIS IWL; Read GIS PO;
Screen/Log Display Interval; Set IWL; Start Map Output; Start Time Series Output; Viscosity
Coefficient; Viscosity Formulation; Write PO Online.

Appendix A lists and describes .tcf commands and their parameters.

# This is an example of a simple .tcf file

! Comments are shown after a "!" or "#" character.

! Blank lines are ignored. Commands are not case sensitive.

MI Projection == ..\model\mi\Projection.mif ! Set the geographic projection

BC Control File == ..\model\boundaries.tbc ! boundary control file

ESTRY Control File == model.ecf ! linked ESTRY model control file

Geometry Control File == ..\model\topography.tgc ! topography control file
Read Materials File == ..\model\n values.tmf ! .tmf is for Tuflow Materials File
Start Time (h) == 0.

End Time (h) == 12

Timestep (s) == 5
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Map Output Interval == 900 ! output interval in seconds

Note that it is possible to incorporate 1D (.ecf) commands into the .tcf file. 1D (.ecf) commands can be
included in the .tcf file between Start 1D Domain and End 1D Domain block(s). This format is
demonstrated in Module 2 of the TUFLOW tutorials which are available via the TUFLOW Wiki. For
the new .tef file, 1D (.ecf) commands must be prefixed by “1D”. Also note that ESTRY Control File is
recognised every time if specified more than once (in previous releases only the last occurrence would

apply).

4.5.1 TUFLOW_OVERRIDE Files

These optional override files allow the user to apply .tcf commands after TUFLOW has finished
processing the commands which are referenced within the .tcf file. This can be useful where you wish
to change a parameter for all simulations that are started from a common folder. For example, you could
turn off check files, or change the output drive.

Two override file types are possible, one which is computer specific and one which is processed by all
computers. If either or both are present, they are initialised after the .tcf file has finished processing its
commands.

The first file that TUFLOW checks for is named “ TUFLOW_Override.tcf”. If this file exists within
the same folder as the simulation .tcf file, .tcf commands that are listed within the
“ TUFLOW_Override.tcf” file overwrite the commands in the .tcf file.

The second file TUFLOW looks for must be named “ TUFLOW_Override <computer name>.tcf”,
where <computer_name> is the name of the computer running the simulation. If this file exists
TUFLOW will process any commands within it after any commands from the
“ TUFLOW_Override.tcf” file (if it exists). If you are unsure of your computer name, this is displayed
in computer properties or in a TUFLOW Log File (.tIf) that has been processed on the computer, this is
typically at the top of the .tIf (line 6).

Computer Name: COMP1234

With the computer name above the computer specific override file would be named
“ TUFLOW_Override_ COMP1234.tcf”.

An override file specific to a particular computer can be particularly useful where, for example, different
output drives or results folders, are to be used for runs using different computers. This will allow you
to run TUFLOW simulations on different computers without having to change the .tcf file.

For example, if arun is started on one machine that only has a C drive, output can directed to the C drive
just for that computer by using the command Output Drive == C.

Another example is if using the GPU solver and one machine only has a single GPU, while another has
four GPUs. The command GPU Device IDs == 0, 1, 2, 3 can be specified in the override file specific
to the machine with four GPUs.
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Nearly all .tcf commands can be placed within the override files except for Read GIS and some other
similar commands that involve processing of data layers. It is recommended that the override files are
only used for global changes to settings, similar to the examples above.

AL TUFLOW
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4.6 1D Commands

Commands specific to TUFLOW (ESTRY) 1D domains are detailed in 1D Commands, and can be
placed either in the .tcf file (or in a Read File), or in their own file traditionally called an .ecf file. 1D
commands can be located:

e Within an .ecf file and referenced within the .tcf file using the command ESTRY Control File.
The command ESTRY Control File Auto can be used to force the .ecf file to have the same
name as the .tcf file.

e Placed within a 1D domain block in the .tcf using Start 1D Domain and End 1D Domain
commands.

e Placed anywhere in the .tcf file and preceded by “1D”, for example, 1D Manhole Default Type.
“1D” must be the first two characters.

e Any combination of the above, however, it is strongly recommended in the interests of
manageability that a logical approach be adopted (that agrees with your colleagues!).

The .ecf file method is typically used if the 1D domain is large and complex, whereas the 1D domain
block or preceding “1D” may be used where the 1D/2D linked model requires only a few 1D commands
or they are placed in another file and referenced using Read File.

The 1D commands set simulation parameters and directs input from other data sources for all 1D
domains. An example of some 1D commands are shown below.

Appendix B lists and describes the 1D commands and their parameters. Commands that are only
relevant for 1D only models are indicated with a “1D Only” underneath the command in Appendix B.

Note: At present it is not an option to truly have a 1D only model. For 1D only models, a single
2D model, which can be made up of an inactive 2D cell, is still required.

# This is an example of a few 1D commands from an .ecf file

Timestep (s) == 3
Read GIS Network == ..\model\mi\ld nwk pipes.mif ! Read in the pipe network
Read GIS Manholes == ..\model\mi\ld mh manholes.mif ! Read in the manholes

! Read in the boundary condition locations and values

Read GIS BC == ..\model\mi\ld bc example.mif | Boundary condition locations
Start Output (h) == 0.0
Output Interval (h) == 0.5
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4.7 Geometry Control File (.tgc file)

2D domains are defined through a series of commands contained in TUFLOW Geometry Control (.tgc)
files. The .tgc file contains, or accesses from other files, information on the size and orientation of the
grid, grid cell codes (whether cells are active or inactive), bed/ground elevations, bed material type or
flow resistance value, and optional data such as soil type and 2D structure information.

A 2D domain is automatically discretised as a grid of square cells. Each cell is given characteristics
relating to the topography such as ground/bathymetry elevation, bed resistance value and initial water
level, etc.

Only one .tgc file per 2D domain is specified in the .tcf file using Geometry Control File.

Rather than contain all the 2D grid information in one file, the .tgc file is a series of commands that
build the model. The commands are applied in sequential order; therefore, it is possible to override
previous information with new data to modify the model in selected areas. This is very useful where a
base dataset exists, over which areas need to be modified to represent other scenarios such as a proposed
development. This eliminates or minimises data duplication.

The commands can occur in any order (as long as it is a logical one).

If an unrecognisable command occurs, TUFLOW stops and displays the unrecognisable text.

Notes & Tips:

1 Commands can be repeated any number of times.

2 Commands are executed in the order they occur. If the data for a 2D cell or Zpt is supplied more
than once, the last data that is read is used (i.e. the latter data for a cell overrides any previous data
for that cell).

3 The .mid file is a comma delimited text file. It can be created not only by exporting a Mapinfo
table but also by using Excel, a text editor or a purpose written translator.

4 The .mid file accessed by a Read GIS or Read RowCol command does not have to contain data for
the entire model. If you wish to modify just a few cell values or Zpts, the file only needs to contain
these cells/Zpts.

5 Use Write Check Files commands to cross-check and carry out quality control checks on the final
2D grid and Zpts.

Appendix C lists and describes .tgc commands and their parameters. An example of a .tgc file is shown
below.
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# Setup the location of the 2d domain
Read GIS Location == ..\model\gis\2d loc my model.mif ! Domain origin and orientation
Cell Size == 10. ! Set cell size to 10m

# Setup the domain code
Set Code == ! Set everywhere inactive

Read GIS Code BC == ..\model\gis\2d bc my model.mif ! Sets active area using region

# Setup the base topography

Set Zpts == 100. ! Set elevations everywhere to 100 m

Read Grid Zpts == grid\DEM Im All.flt ! Sample elevations from DEM

Read GIS Z Lines == ..\model\gis\2d zlr levees.mif | Apply 3D lines along levees
Read GIS Zpts == ..\model\gis\2d zpt fill.mif | Proposed filling of floodplain

# Setup the materials
Set Mat == ! Set default material value to 1
Read GIS Mat == ..\model\gis\2d mat landuse.mif ! Read materials distribution
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4.8 Boundary Control File (.tbc file)

The .tbc file or TUFLOW Boundary Conditions Control File (TBC) contains information regarding the
location and type of boundaries within the model. These include (but are not limited to) upstream and
downstream boundaries as well as 1D/2D or 2D/2D links. The GIS layers read into the .tbc file reference
the Boundary Condition (BC) Database (see Section 7.5). The BC Database associates the GIS layers
with a boundary condition such as a hydrograph or a depth-discharge curve.

Only one .tbc file per 2D domain is specified in the .tcf file using BC Control File.

A .thc file must be specified, if no external boundaries are to be applied a blank file may be
specified. This is rarely done but can be used for models based only on initial water levels. Appendix
C lists and describes .tbc commands and their parameters.

TUFLOW USER Manual — Build 2018-03-AC A-I-UFI—OW


http://www.tuflow.com

Control Files and GIS Layers 4-14

49 GIS Formats

GIS data layers are transferred into and out of TUFLOW using the MapInfo data exchange .mif or
ArcGIS .shp format. These formats are industry standards and publicly available. The .mif format is in
text (ASCII) form, making it particularly easy to work with. Most mainstream CAD/GIS platforms
recognise these formats.

The format of input layers is solely controlled by the file extension (i.e. .mif for the MIF format and .shp
for the SHP format). TUFLOW requires that all GIS layers imported or exported by TUFLOW must be
in the same geographic projection. The model projection is initialised using the M1 Projection and/or
SHP Projection commands. If a model has a mixture of .mif and .shp files as input, then both Ml
Projection and SHP Projection should be specified.

The default output format for GIS check layers and GIS outputs is the .mif format. To produce check
and output GIS layers as .shp files, specify cIs rFormat == sup in the .tcf file.

4.9.1 “GIS” or “MI” Commands

Commands containing “GIS” or “MI” read and/or write a GIS layer. GIS and MI are interchangeable
(the GIS syntax was introduced for the 2010-10 release with the introduction of .shp files and is how the
preferred syntax). For example, Read GIS Zpts and Read M1 Zpts are identical.

GIS or MI commands read both the .mif and .mid files (if a .mif extension is specified), and the .shp and
.dbf files (if .shp is specified). The format of the GIS layer is based on the filename’s extension (.mif
or .shp).

To appreciate how TUFLOW interprets GIS data it is important to understand the following.

e .mif or .shp files contain the geometrical (map) data about the objects.

o .mid or .dbf files contain the attribute data of the objects.

The geographic location of objects for GIS or Ml commands is important (unlike for RowCol or MID
commands as discussed below). The geographic position of the object controls which part of the
TUFLOW model they affect. By default TUFLOW, checks that projection of each .mif file matches
that specified by the M1 Projection command and the projection of each shapefile matches that specified
by the SHP Projection command. A Maplnfo GIS layer must have a projection specified, whilst a
Shapefile layer does not need to have a projection defined. Regardless of which GIS software used, it
is strongly recommended that each file has a defined projection.

For backward compatibility for Ml only (not GIS), when specifying the .mif/.mid filename, the
extension may be omitted, or either of the .mif or .mid extensions may be used. For example, all the
lines below would be interpreted in the same way:

Read MI Code == ..\model\mi\2d code buildings.mif
Read MI Code == ..\model\mi\2d code buildings.mid
Read MI Code == ..\model\mi\2d code buildings
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Table 4-4 defines the different data objects supported.

When digitising objects, it is preferable that they do not snap to the 2D cell sides or corners as this
may produce indeterminate effects.

4.9.2 “RowCol” or “MID” Commands

Commands containing “RowCol” or “MID” (e.g. Read RowCol Zpts) only read the attribute data file
(i.e. .mid or .dbf file). The spatial data (.mif or .shp) file is not used. These commands rely on the first
two columns of the attribute data to define the row and column of a 2D cell reference (i.e. n,m or
row,column). Attribute data in subsequent columns depends on the type of GIS layer. Itis not necessary
for the user to create these layers manually, as TUFLOW produces them, or they can be easily created
from the GIS check files that TUFLOW writes.

The row and column numbering in the TUFLOW model will change if the model cell size, orientation
or origin change. Whilst TUFLOW will continue to support the Read RowCol format, their use is only
recommended for advanced users.

Creating/moving an object using GIS in a layer that is read by a “RowCol” or “MID” command
should never occur and has misleading effects.

The RowCol or MID option is normally only used for Zpts (see Read RowCol Zpts) and sometimes for
materials.

The filename must specify the .mid or .dbf extension. .csv files may also be used. For example, the
following lines are effectively the same.

Read RowCol Zpts == ..\model\gis\2d zpt DTM.mid
Read RowCol Zpts == ..\model\gis\2d zpt DTM.dbf
Read RowCol Zpts == ..\model\gis\2d zpt DIM.csv

4.9.3 GIS Object Interpretation

Table 4-4 outlines the compatible GIS objects and how they are interpreted by TUFLOW.

Table 4-4 TUFLOW Interpretation of GIS Objects

Object Type TUFLOW Interpretation

Used Objects

Point Refers to the 2D cell that the point falls within or a 1D node. Points
snapped to the sides or corners of a 2D cell may give uncertain
outcomes as to which cell the point refers to.

Line (straight line) Continuous line of 2D cells, 1D channel, connects other objects,
alignment of a 3D breakline and other applications.

Note, the algorithm for selecting the 2D cells has varied with different
TUFLOW builds. See Line Cell Selection.
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Object Type ‘ TUFLOW Interpretation

Pline As for Line above.
(line with one or more segments)

Region (polygon) For 2D cells either:

o Modifies any 2D cell or cell mid-side/corner (e.g. Zpt) that falls
within the region. If the command is modifying a whole 2D cell, it
uses the cell’s centre to determine whether the cell falls inside or
outside of the region. If the cell’s centre, mid-side or corner lies
exactly on the region perimeter, uncertain outcomes may occur.
Holes within a region are accepted except for polygon objects in
shape layers used for TIN boundaries.

e  Or, just uses the region’s centroid. Examples are the original flow
constriction layers (2d_fc) and time-series output locations (2d_po).

For 1D:

1D nodes within the region are selected. If the 1D node falls exactly on
the region perimeter uncertain outcomes may occur.

Multiple (Combined) Objects In later versions of TUFLOW, multiple point, polyline and region
objects are generally accepted (ERROR or WARNING messages are
given if not the case).

Unused (Ignored) Objects

Arc Ignored (do not use).

Collections Not supported. Collections are groups of objects of differing type.
Ellipse Ignored (do not use).

none These objects are ignored and most commonly occur when a line of

attribute data is added that is not associated with an object. In Maplnfo,
this occurs when a line of data is added directly to a Browser Window
(i.e. no object was digitised).

Roundrect (Rounded Rectangle) Ignored (do not use).
Rect (Rectangle) Ignored (do not use).
Text Ignored.

Object snapping is often used to relate point data with line and region data, for example with the Read
GIS Z Shape command. TUFLOW supports point, end and vertex snapping. It does not support edge
snapping.
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4.10 XF Files

XF Files are a binary echo of selected input files automatically created by TUFLOW to vastly speed up
the model initialisation process next time a simulation is carried out. If the original input data has a later
save date later than its corresponding XF file, the original data is read and the XF file re-created. If the
XF file is newer, it is used in preference to the original data.

XF files are always written to a folder named “xf” underneath where the original data resides. If the
“xf” folder or a XF file is deleted, the XF files will be recreated next time a simulation is started. Two
extensions are used: .xf4 and .xf8. .xf4 refers to iSP (single precision) runs and .xf8 to iDP (double
precision) runs. It is not possible to mix these (i.e. to read an .xf4 single precision file into a double
precision model).

To globally switch XF files off use XF Files == OFF. They can also be switched off for individual
inputs using “XF OFF” in the command (for example, see Read GIS Z Shape).

For the various commands that generate XF files (e.g. Read RowCol Zpts, Read Grid Zpts etc), it is
possible to refer directly to the .xf file instead of referring to the GIS layer, for example:

Read RowCol Zpts == ..\model\gis\2d zpt DTM.dbf.xf4
or

Read Grid Zpts == ..\model\gis\2d zpt DTM.dbf.xf4.

If different models utilise the same DEM(s), the DEM .xf file is reprocessed each time a different model
is run. This can slow the model initialisation. To prevent this, the .tcf command XF Files Include in
Filename adds unique text to the end of the .xf filenames for each model.

For example, if two models use the same DEMs for setting Zpt values, use this command as per below.

In Model 1’s .tcf file:

XF Files Include in Filename == Ml

In Model 2’s .tcf file:

XF Files Include in Filename == M2

If the same .tcf file is being used to run both models, use the scenario name as follows.

XF Files Include in Filename == <<~sl~>>

TUFLOW will add the ~s1~ value to the end of any .xf filenames (refer to Section 11.3.3 on the
automatic setting of scenarios and events as variables). Thus, when ~s1~ changes from one simulation
to the next, the .xf filenames are unique to that scenario and will not need reprocessing.
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4.11 Fixed Field Formats

Fixed field formats refer to lines in a text file that are formatted to strict rules regarding which columns
values are entered in to. In early versions of ESTRY and TUFLOW (pre-1998) text input used fixed
field format (reading GIS layers was first introduced in the late 1990s). Since the 2010 version of
TUFLOW these fixed field formats are no longer supported. Should you require an older version of
TUFLOW to run these models they can be downloaded from the previous releases section on the
TUFLOW website. As these fixed field formats are no longer supported, the file formats are not
documented in this version of the manual. Previous versions of the TUFLOW manual provide full
documentation on fixed field input and can be downloaded from www.tuflow.com or by contacting
support@tuflow.com.
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4.12 Run Time and Output Controls

All time-dependent data must be referred to an arbitrary time reference, which is defined by the
simulation time commands: Start Time, End Time and Timestep in the .tcf file.

The starting time and finishing times specify the period in hours for which calculations are made. The
timestep is the calculation interval in seconds, which is dependent on various conditions as described in
Section 3.4. For 2D/1D models, different timesteps may be used for both 2D and 1D schemes.

The output period is controlled by the times set using Start Map Output and Start Time Series Output
for the 2D domains, and Start Output for the 1D domain. All outputs are limited to the period between
these times and the end time. The output interval is defined by Map Output Interval and Time Series

for the 2D domains, and Output Interval for the 1D domain.

The maximum and minimum hydraulic values can be determined using the Maximums and Minimums
command for 2D domains (maximums and minimums are always output for 1D domains). Maximum
and minimum values are obtained by tracking the model results every calculation timestep, not
the output interval.
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5.1 Introduction

This chapter of the Manual discusses features specifically related to 1D model domains. 2D domain
features are discussed separately in Chapter 6 and 1D/2D linking is discussed in Chapter 8.

L TUFLOW
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5.2 Schematisation

1D domains are made up of a network of channels and nodes where:

e  Channels represent the conveyance of the flow paths (see Section 5.4). The channels are flow
and velocity computation points in the 1D model.

o Nodes represent the junctions of channels and the storage capacity of the network (see Section
5.11). These are water level computation points in the 1D model; and

Both channels and nodes are created using one or more 1d_nwk GIS layers. There are no constraints
on the complexity of the network with any number of channels being able to connect to a single node.
Each channel is connected to two nodes; one at the channel’s upstream end the other at its downstream
end. The digitising of nodes is optional. In most models these are automatically created.

Multiple 1d_nwk GIS layers can be specified. Subsequent 1d_nwk layers are used to modify the
network at individual objects. For example, if a culvert is to be upgraded in size, rather than making a
copy of the whole 1d_nwk layer, select the culvert channel, save it as another 1d_nwk layer and modify
the channel to represent the upgraded culvert. Use Read GIS Network twice to first read in the base
1d_nwk layer, then the 1d_nwk layer with the single channel representing the upgraded culvert.
Provided the channel has the same ID and is snapped to the same nodes, it will override the original
culvert channel. Using this approach minimises data duplication and, if executed logically and in a well-
documented manner, is a very effective approach to modelling.

The attributes required in the 1d_nwk layer depend on the channel or node type. Table 5-1 and Table
5-15 present the available channel and node types. Section 5.4 presents links to all tables of attributes
within the 1d_nwk layer for all channel and node types.

If using more than 100,000 channels see Maximum 1D Channels.
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5.3 Solution Scheme

The scheme is based on a numerical solution of the 1D unsteady St Venant fluid flow equations
(momentum and continuity) including the inertia terms. The 1D solution uses an explicit finite
difference, second-order, Runge-Kutta solution technique (Morrison and Smith, 1978) for the 1D SWE
of continuity and momentum as given by the equations below. The equations contain the essential terms
for modelling periodic long waves in estuaries and rivers, that is: wave propagation; advection of
momentum (inertia terms) and bed friction (Manning's equation).

o(uA) 3 o¢ _ 0
OX ot (1D Continuity)

= +u=+g==+k|ulu=0 (1D Momentum)

ou ou og
ot OX OX

Where:
u=depthand width averaged velocity
¢ = water level
t=time
x=distance
A=cross sectional area
B =widthof flow

_ it — gn2 f,
k =energy loss coefficient==— + ——
R4/3 ngX
n=Manning'sn
f, = Form (Energy) Loss coefficient
R = Hydraulic Radius

g = acceleration dueto gravity
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5.4 1d_nwk Attributes (All Nodes and Channels)

In previous versions of the TUFLOW Manual one table covering the 1d_nwk attributes for all types of
channels and nodes was provided. Rightly or wrongly (there was much debate on this one!), this table
has been reworked as individual tables for each type of channel and node. Links to these tables are
provided below. (If you would prefer one long table covering all types channels and nodes please let us
know.)

Open Channels (S, G, Blank) 1d nwk Attributes

Culverts and Pipes (C, I, R) 1d nwk Attributes

Bridges (B, BB) 1d nwk Attributes

Weirs (W, W*) 1d nwKk Attributes

Special Channels (M, P, Q, SG, SP) 1d nwk Attributes

Nodes 1d nwk Attributes

Pits 1d nwk Attributes

1d nwke (Extended 1d nwk) Attributes

Note: The names of 1d_nwk attributes may have changed from previous TUFLOW releases to reflect
new features and changes. The name of the attribute is irrelevant as far as TUFLOW is concerned as
TUFLOW only requires that attributes (of any layer) are in the correct order and of the correct type (i.e.
Character, Float, Integer, etc.). Like all TUFLOW layers, the attributes can be named as the modeller
wishes, so older layers that do not have the same attribute names as documented in this manual will still
work correctly.
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5.5 Channels Overview

1d_nwk channels can represent open channels, hydraulic structures such as bridges, culverts/pipes,
weirs, and operational structures (e.g. pumps and gates), and other flow controls such as a user defined
flow matrix.

A channel is digitised as a line or polyline. To connect channels the ends of the channels must be
snapped. Channel flow direction is positive in the direction the line/polyline is digitised. This is best
visualised in the GIS using a line style that has arrows or other symbolism indicating the line direction.

A channel is defined by a length, a Manning’s n value, a table of hydraulic properties (wetted perimeter,
flow area, hydraulic radius) versus elevation and other parameters depending on the type of channel.
Table 5-1 below lists the available channel types as well as additional options that may be appended to
selected channel types.

The hydraulic properties table for channels can be defined at a cross section positioned midway along
the channel (for some structures and open channels) or can be derived from cross-sections located at the
channel ends (for open channels only). The exceptions are:

o For culverts (C and R types) the attribute information supplied within a 1d_nwk layer (i.e.
diameter, width, etc.) is sufficient to define the hydraulic properties — no cross-section
properties table is required.

e For weirs (W), if no cross-section or hydraulic properties table is specified, and a
Diameter_or_Width attribute value greater than 0.01 is specified, the weir is defined as being
a rectangular section 5 metres high based on the invert and width values.

Tables of cross-section profiles, cross-section hydraulic properties and bridge loss coefficients are
accessed using links within 1d_xs and 1d_bg GIS layers. Tables can also be used to define nodal surface
areas (refer to Section 5.11.4). This allows these data to be entered in a comma delimited format using
.csv files that can be managed and edited in spreadsheet software such as Microsoft Excel.

Modellers often keep the different data sets separate as numerous .csv files are often needed. Separate
folders underneath the model folder (same level as the mi or GIS folder) are often used to store all the
.csv files and the GIS layer.

e 1d xs for XZ cross-section profiles in a model\xs folder

e 1d_bg for bridge loss coefficient tables in a model\bg folder

The Read GIS Table Links command is used for linking tabular data to channels. The method for linking

cross-sectional and bridge losses is as follows:

e Lines or polylines are linked to channels. The method depends on whether the object has two
or more vertices. The logic is:

o For lines with two points (the start and end — no intermediate vertices) the line only
needs to cross a channel- it does not have to snap to a vertex on the channel line. If the
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two-point line crosses more than one channel, the channel that is closest to the mid-
point of the line is selected.

o Lines with three or more vertex must have one of the vertices snap to a vertex on the
channel line. If both types are specified, the snapped sections are given preference over
any two-point line that crosses the channel line.

e  Other objects (regions and points) are not used.
The attributes and the method for determining which data to extract from the source file is outlined in

Table 5-14 for 1d_xs and Table 5-6 for 1d_bg. Using the Column_1 attribute, several tables can be
located in the one source file if desired.

Table 5-1 1D Channel (Line) Types

Channel/Node Type ‘ Description

Open Channels (Section )

Open Channel S Open channel that incorporates all flow regimes. Like Normal (Blank) and
Gradient (G) channels, except switches into upstream controlled, friction only
mode (i.e. no inertia terms) for higher Froude numbers (see Froude Check).
This allows steep flow regimes such as super-critical flow to be represented.
See also Froude Depth Adjustment.

This is the preferred open channel type as it incorporates all flow regimes,
therefore, use this channel in preference to Normal (Blank) and G
channels.

Upstream and downstream bed invert attributes must be specified to define the
slope of the channel, or the inverts can be taken from the channel’s cross-
sections by specifying -99999 for the inverts.

Structures (Section ) ‘

Bridge B Bridge structure — energy loss coefficients supplied by the user.
Section 5.7.2.

BB | Bridge structure (introduced for Build 2016-03-AA) — only pier loss and
submerged deck loss coefficients required (all other losses automatically
calculated). BB bridges will also recognise bridge definition inputs to
automatically generate loss coefficients (currently under development).

C Pipe or Circular culvert.

Culverts
. | Irregular shaped culvert.
Section 5.7.1.
R Box or Rectangular culvert.
Gates RG | Reserved for Radial Gates.

Section 5.9.2.4 SG | Sluice Gate.

Pump P Pump.
Section 5.9.2.1
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Channel/Node ‘ Type ‘ Description

Spillways SP | Gated or ungated spillways.
Section 5.7.4 and
5.9.2.5

W | Weir structure (original weir channel).

WB | Broad-crested weir.

WC | Crump weir

WD | User-defined weir.

Weirs

. WO | Ogee-crested weir.
Section 5.7.3

WR | Rectangular weir (sharp-crested).

WT | Trapezoidal / Cippoletti weir.

WYV | V-notch weir

WW | Similar to the original W weir channel, but with more user options.
Special Channels (Section ) ‘

Normal (leave | Normal flow channel defined by its length, bed resistance and hydraulic
blank) | properties. The channel can wet and dry, however, for overbank areas (e.g.
tidal flats or floodplains) gradient (G) channels should be used. For steep
channels that may experience supercritical flow, use S channels. Note: For
open channels it is recommended to use the S Type.

Gradient G Similar to a Normal channel, except when the water level at one end of the
channel falls below the channel bed, the channel invokes a free-overfall
algorithm that keeps water flowing without using negative depths. The
algorithm takes into account both the channel’s bed resistance and upstream
controlled weir flow at the downstream end.

Gradient channels are designed for overbank areas such as tidal flats and
floodplains. The upstream and downstream bed invert attributes must be
specified to define the slope of the channel.

Matrix Flow M User defined flow channel using a flow matrix. The flow through the structure
Channel is dependent on the water levels upstream and downstream.
Depth-Discharge Q User-defined stage discharge channel. The flow through the structure is only
Channel dependent on the upstream conditions, such as user defined spillways. If
downstream levels are influential then an M channel (see above) may be
required.

TUFLOW USER Manual — Build 2018-03-AC A“JFLOW


http://www.tuflow.com

1D Domains 5-11

Channel/Node ‘ Type ‘ Description

Connector X Connects the end of one channel to another. This is particularly useful for
connecting a side tributary or pipe into the main flow path. It also allows a
different end cross-section or WLL to be specified for the side channel, rather
than using the end cross-section on the main channel. The direction of the
connector line is important. Note: The line must start at the side channel
and end at the main channel. If two or more connectors are used at the same
location (i.e. to connect two or more side channels to a main channel) their ends
must all snap to the same main channel.

Additional/Optional Channel

Adjust Structure A Uses the equations and methodology in Section 5.7.6 to adjust the inlet and
Losses outlet losses of a culvert or bridge channel according to the approach and
departure velocities. This flag overrides Structure Losses if set to FIX.

For example, to adjust the losses for a rectangular culvert specify a Type
attribute of “RA”.

Downstream D For culverts, limits the flow regimes to the downstream controlled ones
Controlled (see Table 5-4), unless it is a zero length channel (i.e. channel length less than
0.01m).
Energy E For structures specifies the use of energy level for the flow calculations. The

default is to use energy (E), unless the global .ecf command Structure Flow
Levels == WATER is used, in which case the default is to use water level (H).
See H below.

Fix Structure Losses F Do not adjust the inlet and outlet losses of a culvert or bridge channel according
to the approach and departure velocities. This flag overrides the Structure
Losses setting if set to ADJUST (the default). See Section 5.7.6.

For example, to fix the losses for a circular culvert specify a Type attribute of

“CF”.

Water Surface H For structures specifies use of water level for the flow calculations. The default
is to use energy level unless Structure Flow Levels == WATER has been
specified.

For example, if a broad-crested weir is to use water surface levels rather than
energy levels, specify WBH (a space can be used so “WB H” may be preferred
for clarity).

Non-inertial channel N Open Channel (S), Normal (blank) Gradient (G) and channels can be specified
as non-inertial by including an “N” in the Type attribute. A non-inertial
channel has the inertia term suppressed from the momentum equation.

Operational Control 0] “0” flag is required for structures that are to be operated using an operating
control definition (see Section 5.8). For example, an operated pump would
have a Type attribute of “PO” (or “OP”)

TUFLOW USER Manual — Build 2018-03-AC A“JFLOW


http://www.tuflow.com

1D Domains

5-12

Channel/Node ‘ Type

Uni-directional (all U
channels)

Description

Any channel can be defined as uni-directional by including a “U” in the Type
attribute. Water will only flow in the positive direction of the channel (from
upstream to downstream). For example a “RU” channel could be used to
represent a flap gated rectangular culvert.

Variable Geometry \

Normal and gradient channel cross-sections can vary over time by using a
variable channel definition. Include a “V” in the Type attribute and see
Section 5.7.3.6 for more details.

Note that prior to the 2013-12 release, a variable weir channel was
specified as a WV channel type. As of the 2013-12 release, WV channels
are processed as a V-notch weir. Variable weir channels must be specified
as type “VW?”,

Weir over the Top W

If a “W” is specified in conjunction with a B, C or R channel (e.g. BW, CW or
RW), a weir channel is automatically inserted to represent the flow overtopping
the structure. This saves having to digitise the weir separately. To use this
option requires adding the 10 optional attributes to the 1d_nwk layer as detailed
in Table 5-10. Some of these attributes are used to specify the weir parameters.
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5.6 Open Channels

5.6.1 Inertial Channels

An open channel that includes the inertia term is specified as a series of lines or polylines in one or more
1d_nwk GIS layers with an attribute type of °S’, S signifying a sloping channel that can handle steep,
super-critical flows. S channels are typically all natural channels and artificial channels such as concrete
lined open drains. They automatically test for the occurrence of upstream controlled flow and
automatically switch between the two regimes, and is the preferred type for all open channels. Other
open channel types, Normal (type “’blank”) and Gradient (type “G”) are kept for backward compatibility
and discussed in Section 5.8.4. Table 5-2 lists the 1d_nwk attributes that are required for open channels.

The hydraulic properties table for open channels is typically provided in the form of cross-sectional data
referenced within a 1d_xs GIS layer and using the command Read GIS Table Links but can also
specified from external sources (see Section 5.10).

Lines or polylines within the 1d_xs GIS layer may be digitised midway along the channel or snapped to
the channel ends. The treatment of the cross-sectional data is different depending on the digitisation. It
is also possible to automatically create interpolated cross-sections. The attributes of the 1d_xs GIS layer
is described in Table 5-14 and further information on cross-sections is provided in Section 5.10.

5.6.2 Non-Inertial Channels

To bypass the Courant stability condition, a special channel flag (N) is included, known as non-inertial
channel or a friction-controlled channel. This is valid for the S (open channel) and the superseded blank
and G gradient channels. To apply this to an S type channel the channel type is SN. For a non-inertial
channel, the inertial terms are ignored (eliminating inertial effects) and the stability control procedure is
automatically applied. Although rarely required, the suppression of the inertia terms can be useful for
stabilising very short S channels with high velocities.
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Table 5-2 Open Channels: 1D Model Network (1d_nwk) Attribute Descriptions

Default GIS
Attribute
Name

Description

Command

Unique identifier up to 12 characters in length. It may contain any
character except for quotes and commas, and cannot be blank. As a
general rule, spaces and special characters (e.g. “\””) should be avoided,
although they are accepted. The same ID can be used for a channel and a
node, but no two nodes and no two channels can have the same ID.

Char(12)

2 Type

As described in Table 5-1.
S: Steep Channel
G: Gradient Channel

Blank: Normal Channel

Char(4)

3 Ignore

If a “T”, “t”, “Y” or “y” is specified, the object will be ignored (T for
True and Y for Yes). Any other entry, including a blank field, will treat
the object as active.

Char(1)

4 ucs
(Use Channel
Storage at
nodes).

If left blank or set to Yes (“Y” or “y”) or True (“T” or “t”), the storage
based on the width of the channel over half the channel length is assigned
to the upstream and downstream nodes connected to the channel. If set to
No (“N” or “n”) or False (“F” or “f”), the channel width and length does
not contribute to the node’s storage. See Section 5.11.2 for further
discussion.

Char(1)

5 Len_or_ANA

If greater than zero, sets the length of the channel in metres. If the length
is less than zero, except for the special values below, the length of the
line/polyline is used.

Note, not used to specify the length of a pit channel (which is assumed to
have zero length).

If Len_or_ANA is -99999, the length from the MIKE 11 link channel is
used.

Float

6 n_nF_Cd

The Manning’s n or Manning’s n multiplier for the channel.
If not using materials or Manning’s values in the cross-section the
Manning’s n values is specified using this attribute.

If using materials or Manning’s n to define the bed resistance from XZ
tables (see Sections 5.10.1.1.2 and 5.10.1.1.3), n_nF_Cd is a multiplier
and is typically set to one (1) as it becomes a multiplication factor of the

materials’ Manning’s n values. It may be adjusted as part of the
calibration process.

Float

7 US_Invert

G, S Channel Type:
The upstream bed or invert elevation of the channel in metres. The bed of

Float
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No.

Default GIS
Attribute
Name

Description

Command

the channel cross-section is used if -99999 is specified for G and S
channels.

If a manually created node exists at the upstream end of the channel, and -
99999 is specified, the upstream invert is set to the DS_Invert value of the
node (or pit), provided this value is greater than -99999 — for example,
see Table 5-16.

Blank Channel Type:

Sets the upstream and downstream inverts. Note that the invert is taken
as the maximum of the US_Invert and the DS_Invert attributes. Use -
99999 to use the bed of the cross-section as the invert.

Note: If upgrading a model used prior to Build 2006-03-AB, any
inverts for B, Blank and W channels need to be set to -99999 to
ensure the inverts remain unchanged. Otherwise, the inverts for
these channels are likely to be set to zero, as this is the default value
set by most GIS platforms including Maplnfo for the invert
attributes.

DS_Invert

Sets the downstream invert of the channel using the same rules as
described for the US_Invert attribute above.

Float

Form_Loss

Additional form losses (factor of dynamic head) due to bends, bridge
piers, etc.

This method is preferred instead of increasing Manning’s n to account for
losses. For S channels, this only applies when not in upstream controlled
friction mode.

Float

10

pBlockage

Not used.

Float

11

Inlet_Type

This attribute is used to manage MIKE 11 1D cross-section data. If
attribute is not blank, TUFLOW searches the active cross-section
database for hydraulic properties data (processed cross-section data) as
follows:

If a MIKE 11 database (.txt file), finds the processed data based on the
Inlet_Type (River name), Conn_1D_2D (Topo ID) and Conn_No (XSect
ID or Chainage) attributes.

Char(256)

12

Conn_1D_2D

See description for Inlet_Type above for MIKE 11 cross-section data.
Used to reference the Topo ID from the MIKE 11 cross-section data if
desired. If Conn_1D 2D is “SLINK”, searches the active MIKE 11
network (.nwk11) file for the link cross-section details.

Char(4)
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Default GIS
Attribute
Name

Description

Command

This attribute is also used to manage Flood Modeller cross-section data.
If a Flood Modeller database (.pro file), finds the processed data based on
the label specified in the Conn_1D_2D attribute.
13 Conn_No See description for Inlet_Type and Conn_1D_2D above for MIKE 11 Integer
cross-section data.
If being used for a MIKE 11 cross-section, this attribute should match the
Chainage specified to the nearest integer.
For links, Conn_No must equal or fall within the upstream and
downstream chainages of the link.
14 Width_or_Dia | Not used. Float
15 | Height_or_ WF | Not used. Float
16 Number_of | Not used. Integer
17 HConF_or_W | Not used. Float
C
18 | WConF_or_W | Not used. Float
Ex
19 | EntryC_or_WS | Not used. Float
a
20 | ExitC_or_WSb | Can be used to apply a form loss coefficient per unit length of channel for Float
an S type channel. For example, a value of 0.0001 v2/g / metre or (0.1
per km) for a 200m channel length the extra form loss would be 0.0001 x
200 or 0.02 v2/2g. This can be used to account for irregularities in the
bed form not accounted for by Manning’s n value. If using it is
recommended that this is calibrated. This was introduced in the 2016-03
TUFLOW release, prior to this it was not used.
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5.7 Structures

Hydraulic structures in the 1D domain are modelled by replacing the momentum equation with standard
equations describing the flow through the structure. The structures available are described in the
following sections. A discussion on the choice of a 1D or 2D representation of the structure is presented
in Section 6.12.1.

A channel is flagged as a hydraulic structure using the Type attribute as described in Table 5-1. Except
for culverts, a structure has zero length, i.e. there is no bed resistance. A length can be applied to weir
channels; however, this is only used in the calculation of the storage (nodal area).

5.7.1 Culverts and Pipes

Culvert or pipe channels can be either rectangular, circular (pipe) or irregular in shape. A range of
different flow regimes is simulated with flow in either direction. Adverse slopes are accounted for and
flow may be subcritical or supercritical. Figure 5-1, Figure 5-2 and Table 5-4 present the different flow
regimes which can be modelled. The regimes which occur during a simulation are output to the .eof file
next to the velocity and flow output values, and to the _TSF GIS layer (see Sections 12.8 and 13.2.3).

For all culvert types the length, upstream and downstream inverts, Manning’s n, bend loss, entrance and
exit losses and number of barrels are entered using the 1d_nwk attributes (see Table 5-3). For type “C”
circular or type “R” rectangular culverts, the dimensions are also specified within the 1d_nwk attributes.
For an “I” irregular shaped culvert, the cross-sectional shape is specified in the same manner as for open
channels using a 1d_xs GIS layer (refer to Section 5.10 and Table 5-14) and the command Read GIS
Table Links. The line or polyline is digitised across the 1d_nwk channel line.

The four culvert coefficients are as follows:

e The height contraction coefficient for box culverts. Usually 0.6 for square edged entrances to
0.8 for rounded edges. This factor is not used for circular culverts.

e The width contraction coefficient for box culverts. Typically values from 0.9 for sharp edges
to 1.0 for rounded edges. This factor is normally set to 1.0 for circular culverts.

e The entry loss coefficient. The standard value for this coefficient is 0.5. Variations to this
value may be applied based on manufacturer specifications.

e The exit loss coefficient, normally recommended as 1.0. (Note: This value when entered in
fixed field formats in earlier versions of ESTRY is an exit recovery coefficient. To convert
the exit recovery coefficient to an exit loss coefficient, multiply it by —1 and add 1, i.e. 0
becomes 1 and 1 becomes 0. Its recommended value was zero.)

The calculations of culvert flow and losses are carried out using techniques from “Hydraulic Charts for
the Selection of Highway Culverts” and “Capacity Charts for the Hydraulic Design of Highway
Culverts”, together with additional information provided in Henderson (1966). The calculations have
been compared and shown to be consistent with manufacturer's data provided by both “Rocla” and

“Armco”.
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For benchmarking of culvert flow to the literature see “TUFLOW Validation and Testing” (Huxley,
2004) which is available at www.tuflow.com.

Table 5-3  Culverts and Pipes: 1D Model Network (1d_nwk) Attribute Descriptions

Default GIS
Attribute
Name

Description

Command

Unique identifier up to 12 characters in length. It may contain any
character except for quotes and commas, and cannot be blank. As a
general rule, spaces and special characters (e.g. “\”) should be avoided,
although they are accepted. The same ID can be used for a channel and a
node, but no two nodes and no two channels can have the same ID.

When automatically creating nodes (default) ““.1” and ““.2” are added to
the channel names for the upstream and downstream node names
respectively. IDs over 10 characters long are not recommended as the
appending of .1 and .2 can cause duplicate node ID’s to be created.

Char(12)

2 Type

The culvert type:
e  “C” for a circular culvert;
e  “R” for a rectangular culvert;
e “I” for an irregular shaped culvert

Optional type flags may also be used to implement additional flow
controls such as unidirectional flow (“U”) or operated flow conditions
(“O”). Culvert type details are outlined in Table 5-1.

Char(4)

3 Ignore

If a “T”, “t”, “Y” or “y” is specified, the object will be ignored (T for
True and Y for Yes). Any other entry, including a blank field, will treat
the object as active.

Char(1)

4 ucs
(Use Channel
Storage at
nodes)

If left blank or set to Yes (“Y” or “y”) or True (“T” or “t”), the storage
based on the width of the channel over half the channel length is assigned
to both of the two nodes connected to the channel. If set to No (“N” or
“n”) or False (“F” or “f”), the channel width does not contribute to the

node’s storage. See Section 5.11 for further discussion.

Char(1)

5 Len_or_ANA

The length of the culvert in metres. If the length is less than zero, except
for the special values below, the length of the line/polyline is used.

If Length is -99999, the length from the MIKE 11 link channel is used.

Float

6 n nF Cd

The Manning’s n value of the culvert.

If using materials to define the bed resistance from XZ tables (only for
Irregular culvert, see Section 5.10.1.1.2), n_nF_Cd should be set to one
(1) as it becomes a multiplication factor of the materials’ Manning’s n
values. It may be adjusted as part of the calibration process.

Float
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Default GIS
Attribute Description
INET[
Command
7 US_Invert The upstream bed or invert elevation of the culvert in metres. Float
If a culvert invert has a value of -99999 (after any application of node/pit
DS_Invert values), the invert is interpolated by searching upstream and
downstream for the nearest specified inverts, and the invert is linearly
interpolated. Interpolate Culvert Inverts can also be used to switch this
feature ON or OFF.
8 DS_Invert Sets the downstream invert of the culvert using the same rules as for Float
described for the US_Invert attribute above.
9 Form_Loss | Specifies an additional dynamic head loss coefficient that is applied when Float
the culvert flow is not critical at the inlet. Note, this loss coefficient is not
subject to adjustment when using Structure Losses == ADJUST, and is
ideally used to model additional energy losses such as pit and bend losses.
10 pBlockage C, R Channel Type: Float
The percentage blockage (for 10%, enter 10) of the culvert. For R
culverts, the culvert width is reduced by the % Blockage, while for C
culverts the pipe diameter is reduced by the square root of the %
Blockage. Note that when applying a % Blockage to C culverts, the
invert level remains unchanged and only the soffit level is reduced by the
calculated decrease in diameter.
I Channel Type:
Not used.
11 Inlet_Type Not used. Char(256)
12 Conn_1D_2D | Not used. Char(4)
13 Conn_No Not used. Integer
14 Width_or_Dia | C Channel Type: Float
The pipe diameter in metres.
R Channel Type:
The box culvert width in metres.
I Channel Type:
Not used.
15 | Height_or_WF | R Channel Type: Float
The box culvert height in metres.
C, I, Channel Type:
Not used.
16 Number_of | The number of culvert barrels. If set to zero, one barrel is assumed. Integer
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Default GIS
Attribute Description

Name

Command

17 HConF_or W | I, R Channel Type: Float
C The height contraction coefficient for orifice flow at the inlet. Usually
0.6 for square edged entrances to 0.8 for rounded edges. If value exceeds
1.0 or is less than or equal to zero, it is set to 1.0.

Not used for unsubmerged inlet flow conditions or outlet controlled flow
regimes.

C Channel Type:

Not used.
18 | WConF_or_W | The width contraction coefficient for inlet-controlled flow. Usually 0.9 Float
Ex for sharp edges to 1.0 for rounded edges for R culverts. Normally set to
1.0 for C culverts. If value exceeds 1.0 or is less than or equal to zero, it
is set to 1.0.

Not used for outlet controlled flow regimes.

19 | EntryC_or_WS | The entry loss coefficient for outlet controlled flow (recommended value Float
a of 0.5). If value exceeds 1.0, it is set to 1.0. If value is less than zero (0),
it is set to zero (0). If Structure Losses == ADJUST (the default) or the A
flag is used (see Table 5-15), this value is adjusted according to the
approach and departure velocities (see Section 5.7.6). If the culvert is
discharging out of a manhole, this attribute is ignored and the entry loss
used is that determined by the manhole energy losses formulation (see
Section 5.12.5). The entry loss value used in the computation can be
viewed over time using the _TSL output layer (see Section 13.2.3).

20 | ExitC_or_WSb | The exit loss coefficient for outlet controlled flow (recommended value of Float
1.0). If value exceeds 1.0, itis setto 1.0. If value is less than zero (0), it
is set to zero (0). If Structure Losses == ADJUST (the default) or the A
flag is used (see Table 5-15), this value is adjusted according to the
approach and departure velocities (see Section 5.7.6). If the culvert is
discharging into a manhole, this attribute is ignored and the exit loss used
is that determined by the manhole energy losses formulation (see Section
5.12.5). The entry loss value used in the computation can be viewed over
time using the _TSL output layer (see Section 13.2.3).

TUFLOW USER Manual — Build 2018-03-AC A-RJFLOW


http://www.tuflow.com

1D Domains 5-21

Table 5-4 1D Culvert Flow Regimes

Regime ‘ Description

A Unsubmerged entrance and exit. Critical flow at entrance. Upstream controlled with the flow
control at the inlet.

B Submerged entrance and unsubmerged exit. Orifice flow at entrance. Upstream controlled with the
flow control at the inlet. For circular culverts, not available for Culvert Flow == Method A.

C Unsubmerged entrance and exit. Critical flow at exit. Upstream controlled with the flow control at
the culvert outlet.

D Unsubmerged entrance and exit. Sub-critical flow at exit. Downstream controlled.

E Submerged entrance and unsubmerged exit. Full pipe flow. Upstream controlled with the flow
control at the culvert outlet.

F Submerged entrance and exit. Full pipe flow. Downstream controlled.

G No flow. Dry or flap-gate active.

H Submerged entrance and unsubmerged exit. Adverse slope. Downstream controlled.

J Unsubmerged entrance and exit. Adverse slope. Downstream controlled.

K Unsubmerged entrance and submerged exit. Critical flow at entrance. Upstream controlled with
flow control at the inlet. Hydraulic jump along culvert. Not available for Culvert Flow == Method A.

L Submerged entrance and exit. Orifice flow at entrance. Upstream controlled with the flow control at
the inlet. Hydraulic jump along culvert. Not available for Culvert Flow == Method A.
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INLET CONTROL FLOW REGIMES
N —
e e

A: Unsubmerged Entrance, B: Submerged Entrance,
Supercritical Slope Supercritical Slope

e B
P R ey

K: Unsubmerged Entrance, L: Submerged Entrance,
Submerged Exit Submerged Exit
Critical at Entrance Orifice Flow at Entrance

Figure 5-1 1D Inlet Control Culvert Flow Regimes
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OUTLET CONTROL FLOW REGIMES
HVXL Hv\i
R =
R

C: Unsubmerged Entrance, D: Unsubmerged Entrance,
Critical Exit Subcritical Exit

e
e TTRE H

E: Submerged Entrance, F: Submerged Entrance,
Unsubmerged Exit Submerged Exit
— S
No Flow i No Flow A[TW

Gate Closed

G: No Flow
Dry or Flap-Gate Closed

H: Adverse Slope, J: Adverse Slope,
Submerged Entrance Unsubmerged Entrance
(Critical or Subcritical at Exit)

Figure 5-2 1D Outlet Control Culvert Flow Regimes
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5.7.2 Bridges
5.7.2.1 Bridges Overview

Bridge channels do not require data for length, Manning’s n, divergence or bed slope (they are
effectively zero-length channels, although the length is used for automatically determining nodal
storages — see Section 5.11.2). The bridge opening cross section is described in the same manner to a
normal channel.

As of the TUFLOW 2016-03 release two types of bridge channels can be specified. The original bridge

channel is denoted as “B”, while the new bridge channel is of type “BB”.

B bridges require the user to specify an energy loss versus elevation table, usually derived from loss
coefficients in the literature such as “Hydraulics of Bridge Waterways” (Bradley, 1978) or “Guide to
Bridge Technology Part 8, hydraulic Design of Waterway Structures” (Austroads, 2018). The energy
loss table can be generated automatically via the 1d_nwk Form_Loss attribute if the energy loss
coefficient is constant up to the underside of the bridge deck.

BB bridges automatically calculate the form (energy) losses associated with the approach and departure
flows as the water constricts and expands. It also automatically applies bridge deck losses associated
with pressure flow. The only user specified loss coefficients required for BB bridges are the pier losses
and the deck losses once fully submerged. If the pier loss coefficient is constant through the vertical the
coefficient can simply be specified via the 1d_nwk Form_Loss attribute as described further below. BB
bridges will also support the automatic generation of pier losses based on a bridge definition input
feature currently under development, thereby not requiring the user to pre-calculate the energy loss
coefficients.

Two bridge flow approaches are offered using Bridge Flow. Method B is an enhancement on Method A
by providing better stability at shallow depths or when wetting and drying. There are also some subtle
differences between the methods in how the loss coefficients are applied at the bridge deck. This is
discussed further below. Method B is the approach recommended with Method A provided for legacy
models.

For Bridge Flow == Method A, the underside of the bridge deck (the obvert or soffit) is taken as the

elevation when the flow area stops increasing, or the highest elevation in the bridge’s cross-section data,

whichever occurs first. For Bridge Flow == Method B, the highest (last) elevation in the cross-section
table is always assumed to be the underside of the bridge deck.

5.7.2.2 Bridge Cross-Section and Loss Tables

The cross-sectional shape of the bridge is specified in the same manner as for open channels using a
1d_xs GIS layer (refer to Section 5.10 and Table 5-14) and the command Read GIS Table Links. The
line or polyline is digitised midway across the 1d_nwk channel line (do not specify as an end cross-

section, i.e. a cross-section line snapped to an end of the bridge channel). As per the open channel, the
cross-section data can be in offset-elevation (XZ) or height-width (HW) format.
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Bridge structures are modelled using a height varying form or energy loss coefficient. A table (referred
to as a Bridge Geometry “BG” or Loss Coefficient “LC” Table) of backwater or form loss coefficient
versus height is required. The interpretation of loss coefficients provided by the user differs depending
on whether the bridge channel is of a B or BB type as discussed in the following sections.

BG Tables can be entered using .csv files via a 1d_bg GIS layer (see Table 5-6) using the command
Read GIS Table Links. A line or polyline is digitised crossing the 1d_nwk channel in the same manner
as for the 1d_xs GIS layer used to define the cross-sectional shape of the bridge. The line does not have
to be identical to the cross-section line.

Where the loss coefficient is constant through to the bridge deck (e.g. no losses such as a clear spanning
bridge, or pier losses only — see BB bridges), the BG table can automatically be created by specifying a
positive non-zero value for the Form_Loss attribute in the 1d_nwk layer (see Table 5-5). How the
Form_Loss attribute is interpreted differs between B and BB bridge channels as discussed in the
following sections.

Any wetted perimeter or Manning’s n inputs in the hydraulic properties table are ignored. If the flow is
expected to overtop the bridge, a parallel weir channel should be included to represent the flow over the
bridge deck, or a BW or BBW channel can be specified (see Section 5.7.3.5).

5.7.2.3 B Bridge Losses Approach

The coefficients for B bridges are usually obtained from publications such as “Hydraulics of Bridge
Waterways” (Bradley, 1978) or “Guide to Bridge Technology Part 8, Hydraulic Design of Waterway
Structures” (Austroads, 2018), through the following procedure.

e The bridge opening ratio (stream constriction ratio), defined in Equations 1 and 2 of
“Hydraulics of Bridge Waterways”, is estimated for various water levels from the local
geometry. Alternatively, the bridge opening ratio is estimated with the help of a trial modelling
run in which the stream crossed by the bridge is represented by a number of parallel channels,
providing a more quantitative basis for estimating the proportion of flow obstructed by the
bridge abutments.

e For each level this enables the value of Kj to be obtained from Figure 6 of “Hydraulics of
Bridge Waterways”. Additional factors, for piers (K, from Figure 7), eccentricity (Ke from
Figure 8) and for skew (K from Figure 10) make up the primary contributors to K.

e  The backwater coefficient Ky input into the LC table is the sum of the relevant coefficients at
each elevation. The velocity through the bridge structure used for determining the head loss
is based on the flow area calculated using the water level at the downstream node.

Backwater coefficients derived in this manner have usually taken into account the effects of approach
and departure velocities (via consideration of the upstream and downstream cross-section areas), in
which case the losses for the B channel should be fixed. This is the default setting or can be manually
specified using the “F” flag (i.e. a “BF” channel) in the 1d_nwk Type attribute, or use Structure Losses
== ADJUST EXCEPT BG TABLES (the default).
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For Method A, once the downstream water level is within 10% of the flow depth under the bridge, a
bridge deck submergence factor is phased in by applying a correction for submerged decking using a
minimum value of 1.5625 (if the specified loss coefficient is greater than 1.5625, this value is applied).
Method B does not use the 10% of the flow depth phasing in nor applies a minimum loss coefficient
once the bridge deck is submerged (i.e. it applies the value as per the specified loss coefficients (BG)
table). Method B relies on the user to provide appropriate values at all flow heights.

The value of 1.5625 is derived from the following equation presented in Waterway Design - A Guide to
the Hydraulic Design of Bridges, Culverts and Floodways (Aust Roads, 1994):

Q=C,b,Z2gdH

Where:

Q = Total discharge (m%/s)

C4 = Coefficient of discharge (0.8 for a surcharged bridge deck)

by = Net width of waterway (m)

Z = Verticle distance under bridge to mean river bed (m)

dH = Upstream energy (or water surface) level minus downstream water surface level (m)

2

Vv
Assuming V = Q and dh = K — the equation rearranges to give K = 1—2 , where a Cq value of 0.8
b, Z 2¢ C,

equates to a K energy loss value of 1.5625.

5.7.2.4 BB Bridge Losses Approach

BB bridges were introduced for Build 2016-03-AA. They differ from B bridges in that the losses due
to flow contraction and expansion, and the occurrence of pressure flow is handled automatically. The
only loss coefficients required to be specified are those due to any piers, and the bridge deck when it is
submerged and not under pressure flow.

BB bridges will also in a future release support the bridge definition input feature currently being
developed where the variation in pier and deck loss coefficients with height are automatically
determined, thereby removing the need for the user to manually generate a LC table.

The entrance and exit losses are adjusted every timestep according to the approach and equations in
Section 5.7.6. This approach yields similar results to the approach for determining contraction and
expansion losses in publications such as “Hydraulics of Bridge Waterways” (Bradley, 1978) or “Guide
to Bridge Technology Part 8, Hydraulic Design of Waterway Structures” (Austroads, 2018).

Pressure flow is handled by transitioning from the equation described in the previous section (to derive
the K value of 1.5625 from a coefficient of discharge value of 0.8) to a fully submerged situation where
a deck energy loss is applied. The 1d_nwk HConF_or_W(C attribute can be used to vary Cd (default
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value is 0.8) and the WConF_or_WEX attribute to set the submerged deck loss coefficient. When
pressure flow results the “P” flag will appear in the .eof file and TSF layer.

The parameters used by the BB bridge routine are:

e CD is the Bridge Deck surcharge coefficient (Default = 0.8).

o DLC isthe Deck loss coefficient (Default = 0.5) and only applies when no LC table exists and
an automatically generated table using the 1d_nwk Form_Loss attribute is created.

e ELC is the unadjusted entry loss coefficient (Default = 0.5).
e XLC isthe unadjusted exit loss coefficient (Default = 1.0).

New .ecf command “Bridge Zero Coefficients == <CD>, <DLC>, <ELC>, <XLC>" can be used to
change the above default values to the user’s own default values.

The above values can also be changed for a bridge using the following 1d_nwek attributes. If the attribute
value is zero then the default value or the value specified by Bridge Zero Coefficients is used.

e CD=HConF_or WC

e DLC=WConF_or_ WEXx
e ELC=EntryC or WSa
e XLC=ExitC_or WSb

BB bridges have their entrance and exit losses adjusted every timestep according to the approach and
departure velocities as per the equations below (also see Section 5.7.6).

Vapproach j|

VStI’UCtU re

Ceic _adiusted = CeLc I:l -

VStI’U cture

2
\Y
_ departure
Cxic_adjusted= Cxie {1—

where:  V = Velocity (m/s)
C = Energy Loss Coeffecient

LC tables for BB bridges should therefore only be the losses due to piers and bridge decks. The LC
table should not include any losses for contraction and expansion.

If no LC table exists for the BB bridge, and the 1d_nwk Form_Loss attribute is greater than 0.0001, a
LC table is automatically generated using Form_Loss for the pier losses and the WConF_or_WEX for
the Deck Loss coefficient (DLC).

Note: If a LC table exists, the Form_Loss value is added to all the LC table loss values.

TUFLOW USER Manual — Build 2018-03-AC A-IUFLOW


http://www.tuflow.com

1D Domains 5-28

Other notes are:

e BB bridges are only available if Structure Routines == 2013 (the default).

e  The unadjusted entry and exist losses (ELS and XLC) cannot be below 0 or greater than 1, and
will be automatically limited to these values.

e _TSFand _TSL layers contain the following flags/values for BB bridges:
o For normal flow (“” or “D” if drowned out): fixed / adjusted components
o For Pressure (“P”) flow: Deck surcharge Coefficient / 0.0
o Other flags:

= “U” for upstream controlled flow — only occurs when downstream water level
is below bridge bed level.

= “Z” for zero or nearly zero flow.

Table 5-5 Bridges: 1D Model Network (1d_nwk) Attribute Descriptions

Default GIS
\[o} Attribute Description Type

Name

Command

1 ID Unique identifier up to 12 characters in length. It may contain any Char(12)
character except for quotes and commas, and cannot be blank. As a
general rule, spaces and special characters (e.g. “\”) should be

avoided, although they are accepted. The same ID can be used for a
channel and a node, but no two nodes and no two channels can have

the same ID.

Digitised nodes can have their ID left blank and TUFLOW will assign

an ID.
2 Type “B” or “BB” as specified in Table 5-1. Char(4)
3 Ignore If a “T”, “t”, “Y” or “y” is specified, the object will be ignored (T for Char(1)

True and Y for Yes). Any other entry, including a blank field, will
treat the object as active.

4 ucCs If left blank or set to Yes (“Y” or “y”) or True (“T” or “t”), the storage | Char(1)

(Use Channel based on the width of the channel over half the channel length is
Storage at nodes). | assigned to both of the two nodes connected to the channel. If set to
No (“N” or “n”) or False (“F” or “f”), the channel width does not
contribute to the node’s storage. See Section 5.11 for further
discussion.

5 Len_or_ANA Only used in determining nodal storages if the UCS attribute is set to Float
“Y” or “T”. Not used in conveyance calculations.

6 n_nF_Cd Not used. Float
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Default GIS
No. Attribute Description
Name

Command

7 US_Invert Sets the upstream and downstream inverts. Note that the invert is Float
taken as the maximum of the US_Invert and the DS_Invert attributes.
Use -99999 to use the bed of the cross-section as the invert.

Note: If upgrading a model used prior to Build 2006-03-AB, any
inverts for B, Blank and W channels need to be set to -99999 to
ensure the inverts remain unchanged. Otherwise, the inverts for
these channels are likely to be set to zero, as this is the default
value set by Maplnfo for the invert attributes.

8 DS_Invert Sets the downstream invert of the channel using the same rules as for Float
described for the US_Invert attribute above.

9 Form_Loss If a LC table exists, for BB bridges adds the value specified to the loss Float
coefficients in the LC table. Not added to LC tables for B bridges.

If no LC table exists, and the value is greater than zero, TUFLOW
automatically generates a LC table of constant loss coefficient up until
the bridge deck (i.e. the top of the cross-section). The interpretation
of the LC table generated from the Form_Loss value differs depending
on whether a B or a BB bridge as follows:

For B bridges (with no LC table):

e The Form_Loss (LC value) is not subject to adjustment when
using Structure Losses == ADJUST.

e  Above the underside of the bridge deck (the top of the cross-
section) a value of 1.5625 is used, with the 1.5625 less the
Form_Loss value is subject to adjustment when using Structure
Losses == ADJUST.

For BB bridges (with no LC table):

e The Form_Loss (LC value) is only used to apply pier losses.
Contraction/expansion losses and bridge deck pressure flow losses
are automatically calculated.

e Once the bridge deck is fully submerged (and no longer under
pressure flow) the WConF_or_WEX attribute is used to set the
additional losses due to the bridge deck.

Note: Due to the potential for a divide by zero, a zero loss value

cannot be specified with no LC table. A loss value of 0 will return

ERROR 1422. A minimum loss value of 0.01 for B bridges or

0.001 for BB bridges is required by TUFLOW to ensure a divide

by zero does not occur. Specifying a loss value equal to or less

than these minimums (but not 0) will apply these minimum losses,
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i.e. to apply these minimum losses specify a value of 0.001 for

Default GIS
Attribute Description

Name

Command

either B or BB bridges.

10

pBlockage

Not used. Reserved for future builds to fully or partially block B
channels. The 1d_xs Skew attribute can be used to partially block
cross-sections of these channels — see Table 5-14.

Float

11

Inlet_Type

This attribute is used to manage MIKE 11 1D cross-section data. If
attribute is not blank, TUFLOW searches the active cross-section
database for hydraulic properties data (processed cross-section data)
as follows:

If a MIKE 11 database (.txt file), finds the processed data based on the
Inlet_Type (River name), Conn_1D_2D (Topo ID) and Conn_No
(XSect ID or Chainage) attributes.

Char(256)

12

Conn_1D_2D

See description for Inlet_Type above for MIKE 11 cross-section data.
Used to reference the Topo ID from the MIKE 11 cross-section data if
desired. If Conn_1D 2D is “SLINK”, searches the active MIKE 11
network (.nwk11) file for the link cross-section details.

This attribute is also used to manage Flood Modeller cross-section
data. If a Flood Modeller database (.pro file), finds the processed data
based on the label specified in the Conn_1D_2D attribute.

Char(4)

13

Conn_No

See description for Inlet_Type and Conn_1D_ 2D above for MIKE 11
cross-section data.

If being used for a MIKE 11 cross-section, this attribute should match
the Chainage specified to the nearest integer.

For links, Conn_No must equal or fall within the upstream and
downstream chainages of the link.

Integer

14

Width_or_Dia

Not used.

Float

15

Height_or WF

Not used.

Float

16

Number_of

Not used.

Integer

17

HConF_or WC

B bridges: Not used.

BB bridges: Bridge deck pressure flow contraction coefficient (Cyg).
If set to zero the default of 0.8 or that specified by Bridge Zero

Coefficients is used.

Float

18

WConF_or_WEX

B bridges: Not used.

Float
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Default GIS
Attribute Description

Name

Command

BB bridges: Bridge deck energy loss coefficient (DLC) for fully
submerged flow. If set to zero the default of 0.5 or that specified by
Bridge Zero Coefficients is used.

19 EntryC_or_WSa | B bridges: Not used. Float

BB bridges: Unadjusted entrance energy loss coefficient (ELC). If set
to zero the default of 0.5 or that specified by Bridge Zero Coefficients
is used.

20 ExitC_or_ WSb | B bridges: Not used. Float

BB bridges: Unadjusted exit energy loss coefficient (XLC). If set to
zero the default of 1.0 or that specified by Bridge Zero Coefficients is
used.

Table 5-6 1D Bridge Geometry Table Link (1d_bg) Attribute Descriptions

Default GIS
Attribute Description

Name

Command

1 Source Filename (and path if needed) of the file containing the tabular data. Char(50)
Must be a comma or space delimited text file such as a .csv file.

2 Type “BG” or “LC”: Bridge energy loss coefficients (second column) Char(2)
versus elevation (first column) for bridge structures.

3 Flags No optional flags. Char(8)

4 Column_1 | Optional. Identifies a label in the Source file that is the header for the Char(20)
first column of data. Values are read from the first number encountered
below the label until a non-number value, blank line or end of the file is
encountered.

If this field is left blank, the first column of data in the Source file is
used.

5 Column_2 | Optional. Identifies a label in the Source file that is in the header for the | Char(20)
second column of data.

If this field is left blank, the next column of data after Column_1 is
used.

6 Column_3 | Optional. Identifies a label in the Source file that is in the header for the | Char(20)
third column of data.
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Default GIS
Attribute Description
Name
Command
If this field is left blank, the second column of data after Column_1 is
used.
7 Column_4 | Optional. Defines the fourth column of data. Char(20)
8 Column_5 | Optional. Defines the fifth column of data. Char(20)
9 Column_6 | Optional. Defines the sixth column of data. Char(20)
10 Z_Increment | Not used. Float
11 Z_Maximum | Not used. Float
12 Skew Not used. Float
(in degrees)

5.7.3 Weirs
5.7.3.1 Weirs Overview

A range of weir types are available as listed in Table 5-7. Weir channels do not require data for length,
Manning’s n, divergence or bed slope (they are effectively zero-length channels, although the length is
used for automatically determining nodal storages — see Section 5.11.2).

All weirs have three flow regimes of zero flow (dry), upstream controlled flow (unsubmerged) and
downstream controlled flow (submerged).

Table 5-7  Weir Types

Weir Type Description

W The original ESTRY weir based on the broad-crested weir formula
with the Bradley submergence approach (see Weir Approach ==
METHOD A). The weir shape is defined either as a rectangle using
the 1d_nwk Width attribute or as a cross-section. This was the only
weir option prior to the 2013-12 release.

The weir types below were introduced for the TUFLOW 2013-12 release to offer a
greater range of weir types/equations, with more user flexibility to define
submergence curves and other parameters.

WB Broad-crested weir. A rectangular section shape is assumed.

wWC Crump weir
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WD User-defined weir

WO Ogee-crested weir

WR Rectangular weir (sharp crested)
WT Trapezoidal weir or Cippoletti weir
Wwv V-notch weir.

Note, prior to the 2013-12 release a variable weir channel could be
specified as a WV channel. As of the 2013-12 release WV
channels are processed as a V-notch weir, so any WV channels will
need to be changed to VW.

WWwW Similar to the original W weir channel, but has more options
allowing the user to customise the weir sub-mergence curve and
other parameters. Can be based on either a rectangular shape using
the 1d_nwk Width attribute or on a cross-section.

5.7.3.2 Original Weirs (W)

For a “W” type weir, a standard weir flow formula is used as per the equation below. The weir is
assumed to be broad-crested. Weirs with different characteristics should be modelled using one of the
other weir types listed in Table 5-7 and discussed in Section 5.7.3.3.

2 2g 3
Qweir = §CW C_fHZ
2 |2gH

Vapproach = § Cf

Where:

Qweir = Unsubmerged flow over the weir (m?/s)

Vapproach = Velocity approaching the weir (m/s)

C = Broad-crested weir coefficient of 0.57

W = Flow width (m)

Cr = Weir calibration factor (default of 1.0 —refer to 1d_nwk “Height_or WF” attribute)
H = Depth of water approaching the weir relative to the weir invert (m)

The calibration factor Cy, is available for modifying the flow. For a given approach velocity the
backwater (head increment) of the weir channel is proportional to the inverse of the factor. Itis normally
set to 1.0 by default and modified if required for calibration or other adjustment. Note, this factor is not
the weir coefficient, rather a calibration factor to adjust the standard broad-crested weir equation. The
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factor can be used to model other types of weirs through adjustment of the broad-crested weir equation,
although use of the other weir types listed in Table 5-7 is recommended.

For benchmarking of unsubmerged and submerged weir flow to the literature, see Huxley (2004).

Note that the velocity output for a weir is the approach velocity, Vapproach, in the above equations, not the
velocity at critical depth (when the flow is unsubmerged).

For submergence of W weir channels, it is recommended that Weir Approach is set to METHOD A or
METHOD C. Both METHOD A and METHOD C utilises the Bradley submergence approach
(METHOD C is a slight enhancement that only affects WW weir channels). The Bradley Submergence
approach (Bradley, 1978, Figure 24) is handled by fitting the equation below to Bradley’s submergence
curve reproduced in Figure 5-3 and applying the submergence factor to the weir equation above.

Once the percentage of submergence exceeds 70%, the submergence factor applied is given by the
equation below. The Bradley curve (as digitised) and the resulting curve from the equation below are
shown alongside the submergence curves used for other weir types in Figure 5-4 and Figure 5-5. The
submergence factor transitions the flow from weir flow to zero flow as the water level difference (dH)
approaches zero.

dH 20

Cor=1—(1——
s ( H )

Weir Approach == METHOD B was introduced to provide additional stability for 1D flow over
roadways connected to 2D domains, however, it can cause excessive head drops under drowned flow
conditions and is therefore not recommended or to be used with caution. METHOD B only applies to
the W weir — it has no influence over the new weirs introduced in the 2013-12 release as documented in
the following sections.
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Figure 24. Discharge coefficients for flow over roadway embankments.

Figure 5-3 Bradley Weir Submergence Curve, Bradley 1978
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5.7.3.

3 Advanced Weirs (WB, WC, WD, WO, WR, WT, WV, WW)

All weirs other than the original “W’ type weir channel, as listed in Table 5-7 were introduced for the
TUFLOW 2013-12 release. These weirs offer greater variety, flexibility and can be customised by the
user. As of the 2016-03 release most of these weirs can be operated — see Section 5.9.

The weir flow when upstream controlled is determined by the following equation.

Where:

Notes

6.

Q =3 CrCop CqW \[2g HEX

Q = Flow over the weir (m3/s)

C4 = Weir coefficient

Csy = Weir submergence factor

Cr = Weir calibration factor (default of 1.0 —refer to 1d_nwk “Height_or WF” attribute)

W = Flow width (m)

H = Upstream water surface or energy depth relative to the weir invert (m) — see note below
Ex = Weir flow equation exponent

The default values for Cq are provided in Table 5-8, and documented further below for weirs
where Cq is recalculated each timestep.

The approach taken for calculating the weir submergence factor Cs; each timestep is documented
below.

The weir calibration factor, Cs, is by default 1.0 and should only be changed should there be a
good justification.

For weirs where the flow width (W) varies (e.g. a V-notch WV weir) the formula for that weir
takes into account the varying width.

Whether water surface depth or the energy level is used for H depends on the Structure Flow
Levels setting, which can be changed on a structure by structure case using the E or H flag (see
Table 5-1).

The default values for Ex are provided in Table 5-8.

Table 5-8 presents the weir coefficient C; and weir flow exponent Ex used for each weir. Some of

these values are derived from dimensional forms of the weir equations. Values other than the default
values shown in Table 5-8 may be used by altering the attributes of the 1d_nwk layer. Refer to Table

5-9 for

Note th

further information.

at Cq for WO and WV weirs is recalculated every timestep as described in the following sections.

It is possible to override this by specifying a non-zero positive value for the “HConF _or WC” attribute
in the 1d_nwk layer. For WD weirs the user must specify a hon-zero positive value.
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Table 5-8

Default Attribute Values for the Weir Eg

uation for Different Weir Flows

C Ex a b
Channel ¢ : Default Submergence Curve
- (HConF_or (WConF _or | (EntryC or (ExitC or and )
A e WEX) _Wsa) _WSsb)
SP 0.75 15 6.992 0.648 Ogee / Nappe
(USBR 1987 and Miller 1994)
WB 0.577 15 8.55 0.556 Broad-crested from Abou Seida &
Quarashi, 1976 (Miller 1994)
wC 0.508 1.5 17.87 0.59 Crump H1/Hb=1.5 (Bos 1989)
WD User 15 3.0 0.5 User Defined default settings
Defined
WO Recalculated 15 6.992 0.648 Ogee / Nappe
every (USBR 1987 and Miller 1994)
timestep
WR 0.62 15 2.205 0.483 Sharp Crest Thin Plate from Hagar,
1987a (Miller 1994)
WT 0.63 15 2.205 0.483 Sharp Crest Thin Plate from Hagar,
1987a (Miller 1994)
A Recalculated 25 2.205 0.483 Sharp Crest Thin Plate from Hagar,
every 1987a (Miller 1994)
timestep
wWw 0.542 15 21.15 0.627 Bradley 1978 Broad-crested
(Bradley 1978)
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5.7.3.3.1 Ogee Crest Weir (WO)

For WO (Ogee crest) weirs, the chart developed in USBR Small Dams, 1987 is used by fitting the
relationship presented and plotted on the USBR curve below. The relationship falls within £0.5% of
the curve. Note that the relationship below is for US Customary Units, which is converted to metric if
running the simulation in metric units. For setting the value of P (the height of the weir crest above the
bed), see the discussion for the 1d_nwk US_Invert attribute in Table 5-9.

Model Information - [MMF Model] -

Histary TCDvariance T Fesiduals T Comrments 1

MrF bodel Coefficients:

a= 3.09225913137E+000
b= 1172354258241E-001

b a
= 398134685501 E+000
a —I_ cx §= 1.2031265?231E:DDD
da
b+x

y:

The parameters for the above model equation are
given to the right in the coefficient list

Close | Copy | Help |

Ogee Spillway Discharge Coefficient
4.000 ] T
3.800 i
r
]
3.600 ' ]
S %{ J-the E |
1 e g
3.400 ] E ) =
3.200 1 | BaLi
|
3.000 +——
0 0.5 1 15 2 2.5 3
P/Ho
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5.7.3.3.2 V-Notch Weir (WV)

For WV (V-notch) weirs, the approach taken is to use the formulae derived by LMNO Engineering as
shown below. For metric models the flow is calculated in ft3/s and converted to m3/s.

Equations

V-notch weir equations have become somewhat standardized. ISO (1980), ASTM (1993), and USBR (1997} all
suggest using the Kindsvater-Shen equation, which is presented below from USBE (1997) for Q in cfs and heights in
ft units. All of the references show similar curves for C and k vs. angle, but none of them provide equations for the
curves. 1o produce automated calculations, LMINO Engineering used a curve fitting program to obtain the equations
which best fit the C and k curves. Our equations are shown below. The graph shown is from our fits. If vou
compare it to the graphs shown in the references, it looks neatly identical which implies that our fits are very good.

Q=428 C tan[Ej (n+kP 2
2 Candk ws. Motch Angle

where () = Discharge {cfs) Dl.jﬁg | ggéa

2 =Dizcharge Coefficient 0.56 == C onng &
# = Notch Angle “hs4 ——] 0004 &
h =Head (ft) '3'-05§ k= g.nnz
k=Head Correction Tan a0 a0 a0 100

Factor (ft) MNotch Angdle (degrees)

C =0.607165052 - 0.000874466963 @ + 6.10393334x10F @°
k (ft) = 0.0144902648 - 0.00033955535 @ +3.29819003x10% @* - 1.06215442x10°% @°
where © is the notch angle in degrees

5.7.3.4 Advanced Weir Submergence Curves

Weir submergence factors Csr were sought from two sources: “Discharge Characteristics” (Miller,

1994) and “Discharge Measurement Structures” (Bos, 1989). The submergence charts for each weir
type, relating the weir submergence factor to the ratio between downstream and upstream water level
were reproduced from the literature in Excel and are shown in Figure 5-5.

Two methods were utilised to fit equations to these curves. These are:

a+b(Hd/Hu)

e/, ) + ”l(Hd/Hu)2

b

e The Rational Function expressed as: Cgf =

a
e The Villemonte equation, expressed as: Csr = (1 — (Hd/Hu) )

For each submergence curve, the above equations were solved to obtain values for each of the variables
that produced the best fit with the curves provided in the literature. After a comparison of the results,
the equation from Villemonte was chosen for several reasons:

e The Rational Function was found to be sensitive to variables and therefore required a greater
number of decimal places. Villemonte was found to provide accurate results with variables
requiring only 2 decimal places.
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e The Villemonte equation contains only two variables, compared to four used in the Rational
Function, making it simpler and less susceptible to error.

e The Villemonte equation may be solved exactly at the extremities of the curves (i.e. where
Hd/H = 1 and Cs¢ = 0, and when Hd/H = 0 and Csp = 1). The Rational Function
u u
required further manipulation through inclusion of additional points to achieve this outcome.
The default variables a and b used to determine the submergence factor Cs¢ for each weir type are

presented in Table 5-8. Figure 5-5 shows the submergence curves produced using the default values in
Table 5-8 to calculate Cyy.
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Figure 5-5 Weir Submergence Curves using Villemonte Equation
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Table 5-9 Weirs: 1D Model Network (1d_nwk) Attribute Descriptions

Default GIS o
Description

Attribute Name

Command

1 ID Unique identifier up to 12 characters in length. It may contain any Char(12)
character except for quotes and commas, and cannot be blank. As a
general rule, spaces and special characters (e.g. “\”) should be

avoided, although they are accepted. The same ID can be used for a
channel and a node, but no two nodes and no two channels can have

the same ID.
Digitised nodes can have their ID left blank and TUFLOW will assign
an ID.
2 Type The weir channel type as specified using the flags in Table 5-1 and Char(4)

Table 5-7. For example, a V-notch weir would be entered as “WV”.

3 Ignore Ifa“T”, “t”, “Y” or “y” is specified, the object will be ignored (T for Char(1)
True and Y for Yes). Any other entry, including a blank field, will
treat the object as active.

4 ucs If left blank or set to Yes (“Y” or “y”) or True (“T” or “t”), the storage | Char(1)

(Use Channel based on the width of the channel over half the channel length is
Storage at nodes). | assigned to both of the two nodes connected to the channel. If set to
No (“N” or “n”) or False (“F” or “f”), the channel width does not
contribute to the node’s storage. See Section 5.11.2 for further
discussion.

5 Len_or_ANA Only used in determining nodal storages if the UCS attribute is set to Float
“Y” or “T”. Not used in conveyance calculations.

6 n_nF_Cd Not used. Float

7 US_Invert All Weir (excluding WO) Channel Types: Float
Sets the weir invert. Note that the invert is taken as the maximum of
the US_Invert and the DS_Invert attributes. For W and WW weirs
use -99999 to use the bed of the cross-section as the invert or weir
crest.

The maximum of US_Invert and DS_Invert is used in conjunction
with the Width_or_Dia attribute to define a rectangular section 5m
(16.4ft). The automatic height given to the weir is 5m (16.4ft) so that
the generation of node storage areas from channel widths are within a
realistic range of elevations. Use Depth Limit Factor to allow water
levels to exceed the 5m (16.4ft) range if required. Note: For W and
WW weirs if a cross-section for the channel exists, the cross-section
profile will prevail over the automatic rectangular shape.

WO Channel Type:
The absolute difference in height between the US_Invert and
DS _Invert is used to set the height of the weir above its sill (usually
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Default GIS

Attribute Name

Description

Command

denoted as P), which is used for recalculating the weir’s discharge
coefficient each timestep. If the US_Invert and DS_Invert are the
same value the primary upstream channel bed will be used to set the
value of P.

DS_lInvert

See comments above for US_Invert.

Float

Form_Loss

Not used.

Float

10

pBlockage

W Channel Type:

Not used. Reserved for future builds to fully or partially block W
channels. The 1d_xs Skew attribute can be used to partially block
cross-sections of these channels - see Table 5-14.

WB, WC, WD, WO, WR, and WS Channel Type:

The weir width is adjusted proportionally by the % blockage.
WT Channel Type:

The base width of the weir is adjusted proportionally by the %
blockage.

WYV Channel Type:

The V-notch angle is adjusted proportionally by the % blockage.

Float

11

Inlet_Type

This attribute is used to manage MIKE 11 1D cross-section data. If
attribute is not blank, TUFLOW searches the active cross-section
database for hydraulic properties data (processed cross-section data)
as follows:

If a MIKE 11 database (.txt file), finds the processed data based on the
Inlet_Type (River name), Conn_1D 2D (Topo ID) and Conn_No
(XSect ID or Chainage) attributes.

Char(256)

12

Conn_1D_2D

See description for Inlet_Type above for MIKE 11 cross-section data.
Used to reference the Topo ID from the MIKE 11 cross-section data if
desired. If Conn_1D 2D is “SLINK?”, searches the active MIKE 11
network (.nwk11) file for the link cross-section details.

This attribute is also used to manage Flood Modeller cross-section
data. If a Flood Modeller database (.pro file), finds the processed data
based on the label specified in the Conn_1D_2D attribute.

Char(4)

13

Conn_No

See description for Inlet_Type and Conn_1D 2D above for MIKE 11
cross-section data.

If being used for a MIKE 11 cross-section, this attribute should match
the Chainage specified to the nearest integer.

For links, Conn_No must equal or fall within the upstream and
downstream chainages of the link.

Integer
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Default GIS o
. Description
Attribute Name
Command

14 Width_or_Dia | All Weir (excluding WT and WV) Channel Types: Float
The weir width in metres. For W and WW weirs, this attribute is
ignored if a cross-section for the channel exists. See discussion for
the US_Invert attribute above. For operational weirs, the width of
the weir when fully open.
WT Channel Type:
The width at the base of the trapezoidal weir.
WYV Channel Type:
Angle of the V-notch in degrees. Must be between 20° and 100°.

15 Height or WF | For non-operated weirs, this value can be used as a weir coefficient Float
adjustment factor to be primarily used for model calibration or
sensitivity testing. The weir coefficient is multiplied by this value.
The resulting weir coefficient can be viewed in the .eof file and over
time in the _TSL GIS layer. If zero or negative an adjustment factor
of 1.0 (i.e. no adjustment) is applied.
For operational weirs, the height of the weir above the crest when
fully up.

16 Number_of Not used. Integer

17 HConF_or WC | W Channel Type: Float
Not used.
All Weir (excluding W) Channel Types:
Weir coefficient, Cq, in its dimensionless form. If less than or equal to
zero the default value for the weir type in Table 5-8 is used.
Note that for WO and WV weirs the default is to recalculate Cq4 every
timestep. Entering a value greater than zero (0) will override this and
apply a fixed Cq. For WD weirs the user must specify a non-zero
positive value.
Note that published weir coefficients may be based on other non-
dimensional or dimensional forms of the weir equation, therefore care
should be taken in ensuring the coefficient is compatible with the form
of the weir flow equation presented in Section 5.7.3.3.

18 WConF_or WEx | W Channel Type: Float
Not used.
All Weir (excluding W) Channel Types:
Weir flow equation exponent Ex in the weir flow equation presented
in Section 5.7.3.3). If less than or equal to zero the default value for
the weir type in Table 5-8 is used. The default value is 1.5 for all weir
types except for WV which is 2.5.
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Default GIS o
. Description
Attribute Name
Command
19 EntryC_or_ WSa | W Channel Type: Float
Not used.

All Weir (excluding W) Channel Types:

Sets the submergence factor “a” exponent in the Villemonte Equation
for calculating the weir submergence factor Cs (refer to equations in
Section 5.7.3.3 and 5.7.3.4). If less than or equal to zero the default
value for the weir type in Table 5-8 is used.

20 ExitC_or_WSb | W Channel Type: Float
Not used.

All Weir (excluding W) Channel Types:

Sets the submergence factor “b” exponent in the Villemonte Equation
for calculating the weir submergence factor Cs; (refer to equations in
Section 5.7.3.3 and 5.7.3.4). If less than or equal to zero the default
value for the weir type in Table 5-8 is used.
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5.7.3.5 Automatically Created Weirs

Weirs representing overtopping of structures such as culverts and bridges may be automatically created
without the need to digitise a separate line or polyline within a 1d_nwk layer. The structure must be
digitised within a 1d_nwke layer (as opposed to a 1d_nwk layer) and a “W” specified alongside the
original structure type. For example, to model a bridge and a weir representing overtopping of the road
deck, specify type “BW”. The weir crest level and dimensions are specified within the additional
attributes contained within a 1d_nwke layer and are explained in Table 5-10. The original W weir
approach is adopted for calculating the flow (see Section 5.7.3.2).

The weir’s shape is assumed to be two rectangles on top of each other. The lower rectangle is reduced
in width according to the percent blockage applied to the rail (i.e. the EN4 attribute in Table 5-10), and
its height is the EN3 attribute. The upper rectangle is the full flow width and extends indefinitely in the
vertical.

Alternatively, the flow over a structure can be manually digitised as a separate 1d_nwk weir channel
parallel to the original bridge or culvert structure (i.e. the weir is connected to the ends of the
bridge/culvert). Any of the available weir types can be used in this instance.

Table 5-10 1D Model Network (1d_nwke) OPTIONAL Attribute Descriptions

Default GIS
Attribute Description
Name
21 ES1 Not yet used (leave blank). Char(50)
22 ES2 Not yet used (leave blank). Char(50)
23 EN1 For BW, CW and RW channels, the flow width of weir (m) over the top Float

of the B, C or R structure. If < 0.001, uses width multiplied by the
number of culverts attribute for C and R channels.

24 EN2 For BW, CW and RW channels, the depth (m) of the bridge deck or Float
culvert overlay.

25 EN3 For BW, CW and RW channels, the depth of the hand rail (m). 1f <0.001 Float
assumes solid or no rail, depending on the EN4 attribute entry.

26 EN4 For BW, CW and RW channels, % blockage of the rail (e.g. 100 for solid Float
rail, 50 for partially blocked, 0 for no rail).

27 EN5 For BW, CW and RW channels, the weir calibration factor. Is setto 1.0 Float
if <0.001 is specified.

28 ENG6 Not yet used (leave as zero). Float

29 EN7 Not yet used (leave as zero). Float

30 EN8 Not yet used (leave as zero). Float
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5.7.3.6 VW Channels (Variable Geometry Weir)

The VW (variable weir) channel allows the modeller to vary the cross-section geometry of a W weir
over time using a trapezoidal shape. To set up a VW channel follow the steps below.

Note that prior to the 2013 release, a variable weir channel was specified as a WV channel type.
As of the 2013 release, WV channels are processed as a V-notch weir. Variable weir channels
must be specified as type “VW”.
In the 1d_nwk layer, the following attributes are required:
e |D =ID of the channel;
e Type="VWY
e Len_or_ANA = Nominal length in m (only used for calculating nodal storage if UCS is on);
e US Invert =-99999 (the invert level is specified in the .csv file discussed below);
o DS Invert =-99999 (the invert level is specified in the .csv file discussed below);

e Inlet_Type = relative path to a .csv file containing information on how the weir geometry
varies; and

o Height Cont = Trigger Value (the upstream water level to trigger the start of the failure;
upstream water level is determined as the higher water level of the upstream and downstream
nodes).

The .csv file must be structured as follows (also see example below):

1. TUFLOW searches through the sheet until more than 4 numbers are found at the beginning of a
row (Row 2 in the example below).

2. Each row of values is read until the end of the file or a row with no or less than four numbers is
found. There is no limit on the number of rows of data.

3. The four columns must be as follows and in this order. The labels for the columns are optional.
(i) Time from start of breach in hours.
(ii) Weir bed level in metres.
(iii) Weir bed width in metres.

(iv) Side slope (enter as the vertical distance in metres for one metre horizontal). For
example, a value of 0.5 means a slope of two horizontal to one vertical.

In the example below, the weir once triggered will erode from a bed level of 270m to 254m, widen from
a bed width of 0 to 20m and the side slope will remain constant at 0.5. The period of time for the erosion
is 0.5hours.

Although in most cases the weir is eroded, the weir can also be raised/accreted as well or a combination
of the two. Simply enter the change over time using as many rows as needed.

The original W weir approach is adopted for calculating the flow (see Section 5.7.3.2).
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E3 Microsoft Excel - WV.xls [Read-Only]
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5.7.4 Spillways (SP)

Spillways (‘SP”) were introduced for the TUFLOW 2013-12 release and may also be used in operational
mode as a gated spillway (see Section 5.9). Spillways may also be simulated and operated as Q or QO
channels where the user provides the stage discharge relationships (see Section5.8.2 and
Section 5.9.2.2). The 1d_nwk attributes are presented in Table 5-11.

Spillways use the same equation as for advanced weirs (Section 5.7.3.3). For ungated spillways (i.e.
SP, non-operated spillways) the same parameters as for Ogee Weirs are the default (see Table 5-8),
except for Cd, which is fixed with the default value of 0.75. For Ogee Weirs, Cq is recalculated every
timestep (see Section 5.7.3.3.1). The 1d_nwk attributes in Table 5-8 can be used to modify the flow
equation parameters for SP channels in a similar manner for advanced weirs.

SPO channels also use the same equation when the gate is not affecting the flow (see more information
on SPO channels refer to Section 5.9.2.5).

SP and SPO channels can also drown out as per the submergence curves for advanced weirs.

5.7.5 Sluice Gates (SG)

For sluice gates refer to Section 5.9.2.4. The same approach applies as for SGO operated gates, except
that the gate is assumed to be in a fixed position based on the 1d_nwk Height _or  WF attribute value.
The 1d_nwk attributes are presented in Table 5-11.
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5.7.6 Adjustment of Contraction and Expansion Losses

The energy losses associated with the contraction and expansion of flow lines into and out of a structure,
can be automatically adjusted according to the approach and departure velocities in the upstream and
downstream channels. This is particularly important where:

e There is no change in velocity magnitude and direction as water flows through a structure. In
this situation, there is effectively no entrance (contraction) or exit (expansion) losses and the
losses need to be reduced to zero. Examples are:

o Aclear spanning bridge over a stormwater channel where there are no losses due to any
obstruction to flow until the bridge deck becomes surcharged.

o Flow from one pipe to another where the pipe size remains unchanged and there is no
significant bend or change in grade.

e There is a change in velocity, but the change does not warrant application of the full entrance
and exit loss. This is the most common case where the application of the full entrance and exit
loss coefficients (typically 0.5 and 1.0) will overestimate the energy loss through the structure.
The full values are only representative of the situation where the approach and departure
velocities are close to zero, for example, a culvert discharging from a lake into another lake
where the velocity transitions from still water to fast flowing and to still water.

The entrance and exit losses are adjusted according to the equations below to take into account the
change in velocity caused by the structure. The first equation is empirical, while the second equation to
adjust exit losses can be derived from first principles.

Vapproach i|

Vstructure

C entrance _ adjusted = C entrance |:1

2
Vv
— departure
Cexit_adjusted - Cexit |:1 -

VS'[I’UCIU re

where:  V = Velocity (m/s)
C = Energy Loss Coeffecient

As the structure velocity approaches the incoming and/or outgoing velocities, the loss coefficient
approaches zero. While, when the incoming and/or outgoing velocity approaches zero (i.e. water is
leaving/entering a large body of water), the loss coefficients approach their full value.

Tullis and Robinson (2008) provide an excellent proof for the need to adjust losses for different flow
regimes using the exit loss equation above. The paper benchmarks different exit loss equations used
within the industry methods against experimental flume test results.

The adjustment of losses feature is available to structures that require entrance and exit loss coefficients,
namely culverts and bridges. For culverts, the adjusted entrance loss coefficient only applies where the
flow is not inlet controlled (i.e. Regimes C, D, E, F, H and J in Figure 5-2), and the adjusted exit loss is
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only influential where the flow is downstream controlled (i.e. Regimes D, F, H and J (subcritical at exit)
in Figure 5-2). For bridges, the application varies as discussed below.

If Structure Losses == ADJUST EXCEPT BG TABLES (default), the adjustment of the losses is only
applied to culverts and B bridges with automatically generated loss tables using the 1d_nwk Form_Loss
attribute (see Table 5-5). There is no adjustment for B bridges with a user specified BG or LC energy
loss table, because bridge energy losses are most often based on coefficients from publications such as
“Hydraulics of Bridge Waterways” (Bradley, 1978) or “Guide to Bridge Technology Part 8, Hydraulic
Design of Waterway Structures” (Austroads, 2018) that have already taken into account the effects of
contraction and expansion.

For BB bridges (Build 2016-03-AA or later), the LC table should only represent pier and submerged
deck losses (see Section 5.7.2.4), as the adjustment of entrance and exit losses every timestep as per the
equations above is always applied irrespective of the Structure Losses setting. The equations above

conform with the approach for determining contraction and expansion losses in publications such as
Hydraulics of Bridge Waterways.

For B bridges and culverts, if Structure Losses is set to “ADJUST”, or “A” has been specified in the
1d_nwk Type attribute (e.g. BA, CA, IA or RA), the entrance and exit losses are adjusted according to
the equations above. For B bridges, because the entrance and exit losses are combined as one loss
coefficient, the entrance and exit loss components are proportioned one-third / two-thirds respectively
when applying the above equations. For the new BB bridge, entrance and exit losses are always adjusted
as per the equations above and the Structure Losses setting is not relevant (also see Section 5.7.2.4).

The selection of the upstream and downstream channels on which to base the approach and departure
velocities is as follows:

e The upstream channel is determined as the channel which has a positive flow direction into
the structure whose invert is closest to that of the upstream invert of the structure. 1fno channel
exists, no adjustment of losses is made (this includes structures connected to a 2D domain).
Note that the upstream channel must be digitised so that it has the same positive flow direction
to that of the structure.

e The downstream channel is selected on a similar basis to that for the upstream channel.

e The selected upstream and downstream channels are listed in the .eof file for cross-checking
(search for “Primary Channel”).

e X channels can be used to connect additional channels and ensure that these are not considered
the primary channel.

TUFLOW has no requirement of a minimum loss coefficient value for stability, and therefore allows
the adjusted coefficient to approach zero allowing this feature to correctly model the structure losses
when the structure causes no disturbance to flow, or when one pipe discharges into another of identical
size, grade and alignment.

The adjustment of loss coefficients does not apply to:
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e Any bend or additional loss for a culvert entered using the Form_Loss attribute in the 1d_nwk
layer. This coefficient can be used to apply additional losses (e.g. pit or bend losses) that are
not affected by changes in the relativity of the approach/departure and structure velocities.

e Any additional loss coefficient component for BB bridges entered using the Form_Loss
attribute in the 1d_nwk layer. This coefficient can be used to apply additional losses (e.g. pier
losses) that are not affected by changes in the relativity of the approach/departure and structure
velocities.

e The ends of culverts and bridges that are connected to 2D SX or HX cells as the approach or
departure velocity needs to be derived in some manner from the 2D velocity field. It is
intended to offer this option in future releases, plus it is important not to be duplicating energy
losses by applying exit losses to a 1D structure and simulating the same energy losses due to
the flow expansion in the 2D domain — for further information see this pdf presentation.

If Structure Losses is set to FIX, or “F” has been specified in the 1d_nwk Type attribute (e.g. BF, CF,
IF or RF), the loss coefficients for B bridges and culverts are not adjusted. Fixing the entrance and exit
losses for BB bridges is not available — use a B bridge instead.

The variation in time of the loss coefficients can be viewed using the _TSL output layer (see
Section 13.2.3).

If there is a manhole at the culvert end, a manhole energy loss approach (see Section 5.12.5) is used
instead of the culvert’s contraction/expansion loss, and the above description does not apply.

This pdf of a presentation provides further information on this topic.
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5.8 Special Channels

5.8.1 M Channels (User Defined Flow Matrix)

M channels allow the modeller to define the flow through a channel (usually a structure) based on a user
specified flow matrix. To set up M channels follow the steps below:

1.
2.

In the 1d_nwk layer, populate the required attributes as shown in Table 5-11.

Create the flow matrix as shown in the image below and export the file to .csv using the Save csv
tool. The .csv file is referenced in the 1d_nwk Inlet_Type attribute. Notes using the example in
the below image are:

a)

b)

d)

TUFLOW searches through the sheet until more than 3 numbers are found at the beginning of
a row (Row 3 in the example).

This first row contains a multiplication factor (in Cell A3) followed by upstream depth values
(in the direction that the channel is digitised). The depth values are added to the channel invert
to set the water level.

The next rows have the downstream depth in Column A. Flows are listed in the adjacent
columns relating to the above upstream depth value (Row 3).

Note: at present the matrix must be square and that the u/s and d/s depths must be the same
values. The flows along the diagonal must be zero, and to the left of the diagonal negative (or
zero) and to the right positive (or zero).

Optionally create a flow area matrix of the same dimensions and depth values as for the flow matrix.
Note:

a)

b)

c)

d)

The path to the area.csv file is specified after the flow.csv file in the Inlet_Type attribute
(separate the two filenames using a "[*; eg. ".\UD_Q.csv | .\UD_A.csv").

The factor value in the A3 cell is not used in the flow area matrix (the value in the flow matrix
is however used to factor the areas).

The area values are only used for outputting the channel velocity (they are not used for the
hydraulic computations other than when the channel velocity is used for other channels, eg.
adjusting structure losses).

If an area matrix is not provided, TUFLOW will calculate the area based on the channel width
multiplied by the pBlockage and the average of the upstream and downstream depths.
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E3 Microsoft Excel - UD.xls [Z”E|rg|
@ File Edit Wew Insert Format Tools Data FlashPaper Window Help Adobe PDF  TUFLOW Tools V.2 -7 X
P Sl (A9 -] E -Gl 100% - @) Eilﬂ - B | = = |50 500 5 - A -
@ ! E Py ! g;ﬂ ! ActiveSheet to csv Entire Workbook to csv !
14 A fid
A | B | ¢ | b [ E [ F [ 66 | H | I

1 |UD Channel Flow Matrix Example

2 |y2 y1

3 1 0 0.2 0.3 0.4 0.5 0.6 0.7 0.8

4 0 0 0.1 0.5 07 0.9 1.1 1.3 1.5

5 0.2 -0.1 0 02 0.5 0.7 0.9 1.1 1.3

6 0.3 -0.2 -0.1 1] 0.2 05 0.7 0.9 1.1

[ 0.4 -0.3 -0.2 -0.1 0 0.2 05 0.7 0.9

g 0.5 -0.4 -0.3 -0.2 -0.1 0 (s 05 07

9 0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 (1 05

10 0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -01 0 02

11 0.8 0.7 -0.6 0.5 -0.4 -0.3 -0.2 -0.1 0

12

412 b
M4 MhUD/ |< >
Ready

The default method for interpolating into the matrix is Method B. The previous method (pre Build 2012-
05-AB) utilises Method A which can be enabled using the .ecf command M Channel Approach ==
Method A or Defaults == Pre 2012. For further information refer to the release notes for the 2012
release or contact support@tuflow.com.

5.8.2 Q Channels (Upstream Depth-Discharge Relationship)

Q channels are used to model flow through a channel using an .ecf Depth Discharge Database. The
Depth Discharge Database is the same as the Pit Inlet Database used for Q pits, with the same database
used for both Q channels and Q pits. Refer to Section 5.12.4.

In the 1d_nwk layer, the following attributes can be used to set up a Q channel (also see Table 5-11).

e ID = Unique Channel ID.
° Type = ‘GQ”.
e US_Invert = Elevation corresponding to zero depth in the depth-discharge curve.

e Inlet_Type = The depth discharge curve in the Depth Discharge Database or Pit Inlet Database.
This is analogous to a Q pit (see Section 5.12.4). Note that the flow is automatically adjusted
for being drowned out using the Bradley relationship for weirs (see Section 5.7.3.2 or Figure
5-3), and if the flow reverses the same depth discharge curve is used.

e Width_or_Dia = For Q channels can be used as a flow multiplier — this is useful if the depth-
discharge curve is a unit flow (i.e. flow per unit width). Therefore, if the discharge is unit flow
specify the width of the flow, otherwise specify a value of 1.0 (noting that a zero value is
treated as 1.0).

o Number_of = The number of parallel Q channels (a zero value is interpreted as one channel).
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5.8.3 X Connectors

X connectors are used for connecting a side tributary or pipe into the main flow path. They are digitised
as a line or polyline within a 1d_nwk GIS layer with type “X”. No other attributes are required.

Use of an X connector has the advantage of allowing different end cross-sections (see Section 5.10.6)
or WLLs (see Section 9.5) to be specified for the side channel, rather than using the end cross-section
on the main channel. They can also be used in pipe networks to ensure that the angle of the inlet and
outlet culverts has been digitised appropriately as this influences the manhole losses calculated when
using the Engelund loss approach (see Section 5.12.5.4).

The direction of the X Connector must be digitised starting from the side channel and ending at the main
channel. If two or more connectors are used at the same location (i.e. to connect two or more side
channels to a main channel) their ends must all snap to the same main channel.

5.8.4 Legacy Channels

For backwards compatibility, gradient (type ‘G’) and normal (type ‘blank’) channels remain supported
in the current release of TUFLOW. Sloping (type °S’) open channels are the preferred method of
modelling open channels as it incorporates the flow regimes covered by normal and G channels and
include the additional ability of handling super-critical flow. Refer to Section 5.6 for further
information.

A normal flow channel is defined by its length, bed resistance and hydraulic properties. The channel
can wet and dry, however, for overbank areas (e.g. tidal flats or floodplains) G or S channels should be
used. For steep channels that may experience supercritical flow, use S channels. Note: For open
channels it is recommended to use the S Type for the reasons given above.

A gradient channel has been designed for overbank areas such as tidal flats and floodplains. The
upstream and downstream bed invert attributes must be specified to define the slope of the channel.
They are like normal channels, except when the water level at one end of the channel falls below the
channel bed, the channel invokes a free-overfall algorithm that keeps water flowing without using
negative depths. The algorithm takes into account both the channel’s bed resistance and upstream
controlled weir flow at the downstream end.
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5.8.5 1d_nwk Attributes (M, P, Q, SG, SP Channels)

The table below covers the 1d_nwk attributes for all channels not covered in other 1d_nwk attribute
tables.

Table 5-11 Special Channels: 1D Model Network (1d_nwk) Attribute Descriptions

Default GIS
Attribute Description

Name

Command

1 ID Unique identifier up to 12 characters in length. It may contain any Char(12)
character except for quotes and commas and cannot be blank. Asa rule,
spaces and special characters (e.g. “\””) should be avoided, although they
are accepted. The same ID can be used for a channel and a node, but no
two nodes and no two channels can have the same ID.

Digitised nodes can have their ID left blank and TUFLOW will assign an
ID.

2 Type The channel type as specified using the flags in Table 5-1. Char(4)

For X (connectors), no other attributes are required.

3 Ignore Ifa“T”, “t”, “Y” or “y” is specified, the object will be ignored (T for Char(1)
True and Y for Yes). Any other entry, including a blank field, will treat
the object as active.

4 UCs If left blank or set to Yes (“Y” or “y”) or True (“T” or “t”), the storage Char(1)
(Use Channel | based on the width of the channel over half the channel length is assigned
Storage at to both of the two nodes connected to the channel. If setto No (“N” or
nodes). “n”) or False (“F” or “f”), the channel width does not contribute to the

node’s storage. See Section 5.11.2 for further discussion.

5 Len_or_ANA | Only used in determining nodal storages if the UCS attribute is set to “Y” Float
or “T”. Not used in conveyance calculations.

6 n_nF_Cd M, P, Q Channel Type: Float
Not used.

SG, SP Channel Type:

Discharge coefficient for the structure if using a fixed coefficient. If the
value is less than or equal to zero, the default Cd value of 0.6 for SG and
0.75 for SP is used.

7 US_Invert M Channel Type: Float
Invert level of channel.

P Channel Type:

Intake elevation of the pump.
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Default GIS

Attribute Description
Name

Q Channel Type:

US_Invert sets the level from which the upstream depth is to be
calculated for interpolation into the depth-discharge curve.

SG Channel Type:

The higher of US_Invert and DS_Invert is used to set the structure crest
or invert.

SP Channel Type:
Sets the spillway crest

8 DS_Invert M Channel Type: Float
Invert level of channel is taken as the maximum of US_Invert and
DS_Invert.

P Channel Type:
Outlet elevation of the receptor.
Q Channel Type:

Used to set to the invert of the joining channel downstream, otherwise not
used.

SG Channel Type:
See comments above for US_Invert.

SP Channel Type:
Sets the level of the gate seat (if SP is operated, i.e. a SPO channel).

9 Form_Loss | M, P, Q, SP Channel Type: Float
Not used.

SG Channel Type:

If no weir is specified in the Type attribute, it is assumed that the gate
seats on to the bottom of the channel. For this case the flow calculations
where the gate is not surcharged uses the Form_Loss attribute to apply an
energy loss to the structure to represent contraction/expansion losses.

10 pBlockage Q Channel Type: Float
Not used.

M Channel Type:

Percentage blockage of channel (only used if no flow area matrix is
provided). Refer to Inlet Type attribute below.

P, SG, SP Channel Type:

The channel’s dimensions are reduced as per the pBlockage value.

11 Inlet_Type M Channel Type: Char
The relative path to the flow matrix file (must be a .csv file), and (max 256)
optionally flow area matrix file. See Section 5.8.1.

P, SG, SP Channel Type:

Only used to specify the name of the <control_id> for structures
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No.

Default GIS
Attribute
Name

Description

controlled using operating rules (i.e. type “PO”, “RGO”, SGO” or
“SPO”). The <control_id> is referenced within the .toc file and specifies
which rules are used to operate the channel. Refer to Section 5.8.

Q Channel Type (for QO see further below):

For non-operated Q channels the name of depth-discharge curve in a
depth discharge database (identical approach to inlet Q pits). A Q
channel is distinguished from a Q pit, in that a Q channel is a polyline in
the 1d_nwk layer and a Q pit is a point object. A depth-discharge
database is the same as a pit inlet database as used for Q pits, and the
same database file can be used for both Q channels and Q pits. The new
.ecf command Depth Discharge Database and the existing command Pit
Inlet Database perform the same function. Note that the depth discharge
curve is depth (not water elevation) and the depth is taken as the upstream

water level less the Q channel’s invert.

QO Channel Type:

For operated Q channels the filename of a .csv file containing a flow
matrix table in the same format as used for M channels. See Section
5.8.1.

12 Conn_1D_2D | Not used. Char
13 Conn_No Not used. Integer
14 Width_or_Dia | P Channel Type: Float
The diameter of the pump offtake.
M Channel Type:
Width of channel (only used if no flow area matrix is provided). Refer to
Inlet_Type attribute above.
Q Channel Type (for QO see further below):
A multiplier applied to the flow interpolated from the depth-discharge
curve. Particularly useful if the discharge values are per unit width (i.e.
m?/s or ft?/s). If set to zero (0), the multiplier is set to one (1).
QO Channel Type:
Used to determine the flow area at different stages by multiplying by the
upstream depth. The area is used to determine the velocity that is output,
otherwise, it does not play a role in the hydraulic calculations.
SG, SP Channel Type:
The width of the gate/spillway. The flow area is assumed to be
rectangular in shape.
15 Height or WF | M, Q Channel Type: Float
Not used.
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No.

Default GIS
Attribute
Name

Description

P Channel Type:

Can be used to set the pump flow capacity for operated pumps (i.e. a PO
channel). The pump capacity can also be set and changed during the
simulation using the operating control commands. Useful where the
operating control definition is generic( i.e. pump control is used for more
than one pump of different flow capacities).

SG Channel Type:

The vertical height of the gate in its fully open position. If an underlying
weir is specified, the weir is assigned a coefficient adjustment factor of
1.0, which cannot be modified using this attribute.

SPO Channel Type:

For an operated (gated) spillway (SPO), sets the vertical height of the gate
in its fully open position. The fully open height can also be changed
during the simulation using the operating control commands. This is
useful where the operating control definition is generic (i.e. non-structure
specific). Not used if channel is non-operational (i.e. a SP channel).

16 Number_of | P, SG, SP Channel Type: Integer
The number of parallel channels. If set to zero, one barrel is assumed.
M, Q Channel Type:
Number of parallel channels (flow and area matrices are multiplied by
this value). If zero is set to one.
17 HConF_or_W | M, Q Channel Type: Float
C Not used.
SP Channel Type:
Weir flow coefficient, Cq, in its dimensionless form as in the equation
below. If less than or equal to zero the default value for spillways in
Table 5-8 is used. Entering a value greater than zero (0) will override this
and apply a fixed Cq.
Note that published coefficients may be based on other non-dimensional
or dimensional forms of the equation below, therefore care should be
taken in ensuring the coefficient is converted to comply with the form
below if this is the case.
2
Q = §CSf CdB ,/Zg HEx
RG, SG Channel Type:
As for the weir channel in Table 5-9 if a weir has been specified (e.g. a
“SG WB” channel).
18 WConF_or W | M, Q Channel Type: Float
Ex Not used.
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Default GIS

No. Attribute Description
Name

SP Channel Type:

Weir flow equation exponent Ex in the equation for HConF_or_WC. If
less than or equal to zero the default value for spillways in Table 5-8 is
used (i.e. 1.5).

RG, SG Channel Type:
As for the weir channel in Table 5-9 if a weir has been specified (e.g. a
“SG WB” channel).

19 | EntryC_or WS | M, Q Channel Type: Float
a Not used.

SP Channel Type:

Sets the submergence factor “a” exponent in the equation below for
calculating the submergence factor Cs. If less than or equal to zero the
default value for spillways in Table 5-8 is used.

o= (1=("/,))

RG, SG Channel Type:
As for the weir channel in Table 5-9 if a weir has been specified (e.g. a
“SG WB” channel).

b

20 ExitC_or_WSb | M, Q Channel Type: Float
Not used.

SP Channel Type:

Sets the submergence factor “b” exponent in the weir flow equation
above for calculating the weir submergence factor Cs. If less than or
equal to zero the default value for spillways in Table 5-8 is used.

RG, SG Channel Type:
As for the weir channel in Table 5-9 if a weir has been specified (e.g. a
“SG WB” channel).
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5.9 Operational Channels

Gated rectangular culverts, pumps, sluice gates, gated spillways, weirs and Q channels can be operated
using logical scripts. An “O” Type flag is required within the 1d_nwk layer for structures that are to be
operated using an operating control definition. For example, an operated pump would have a Type
attribute of “PO” or “OP”.

Operating rules are contained within a .toc file (TUFLOW Operations Control) with each set of rules
contained within a control definition. More than one structure/device can use the same control
definition. The .toc file is referenced using Read Operating Controls File via the .ecf file, or via the .tcf
file within a Start 1D Domain block or by preceding the command with “1D”.

The operating rules for a control can only occur within a .toc file. More than one .toc file can be set up
and accessed should there be a need to break the control definitions into several files (for example, all
pump controls could be placed in one file and sluice gate controls in another).

Operational structure time-series data is output to the _1d_O.csv file. The file reports the time varying
status of the structure and the resulting flow rate. Values of user defined variables and other information
are also output to this file. This is discussed in greater detail within section 13.2.2.

5.9.1 .toc File Commands and Logic

5.9.1.1 Define Control Command

A .toc file can only contain Define Control and End Define blocks.

Each Define Control must include a keyword indicating the type of structure/device as per below:
Define [ Culvert | Pump | Q Channel | Sluice | Spillway | Weir ] Control == <control id>

End Define

Where <control_id> is a unique control definition name, noting that more than one structure can refer
to the same operational control definition. For example, several pumps of different capacities may
utilise the same operational control logic. The 1d_nwk Inlet_Type attribute is used to link a control
definition with the structure.

Within the control definition, commands specific to the type of structure/device can be used to adjust
the structure/device’s operation. The commands available for each type of control are described below.

Each Define Control block consists of three sections:

4. The default settings for the control’s commands. These are usually placed at the top of the
definition and prior to the logical rules. These default settings are used at the start of the
simulation/operation and during the operation unless changed by the logical rules.

5. User defined variables as described further below.

6. One or more logical rules as described further below.
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An example of a definition control with the three sections is provided below.

Define Pump Control == P_&_

to 1

! Default Settings

! Define the set of commands for "P_8_to 1"

Pump Operation == OFF ! Set the pump to off

! Set User Variables

t == TIME 24h Sets the wariable 't' to the simulation time on a 24hr clock
wday == DAY of WEEK ! Sers the wvariable 'wday' to a day of the week

! Provide Logic

IF wday »>= MON AND wday < =FRI

' If the day of the week iz Mon -

Fri

IF t > 6 BAND t < 18 ! If the simulation time is between 0600 and 1800hrs
Pump Capacity == 0.1 ! Setz the pump flow to a constant 0.1 m3/=
Pump Operation == ON ! Sets the pump to on
ELSE
Pump Operation == QFF ! Set the pump to off
END IF
ELSE
IF £t > 10 AND t < 16 ! If the simulation time is between 1000 and 1600hrs
Pump Capacity == 0.1 ! Sets the pump flow to a constant 0.1 m3/s
Pump Operation == CN ! S5ets the pump to on
ELSE
Pump Operation == OFF ! 52t the pump to off
END IF
END IF

End Define

5.9.1.2 User Defined Variables

If a line in the control definition cannot be processed as one of the commands described above, and it is

not within an If...End If block, it is treated as a variable definition using the syntax:

<variable>

<variable value>

Where <variable> is the variable name, while <variable_value> must conform to one of the options in
Table 5-12. Any characters can be used for the variable name, but it is recommended to use only letters,
numbers and underscores and to avoid spaces. Note that variables can be redefined at any point within
the control definition. Also note that these variables only apply to the control. For global variables, use
the Set Variable feature.

Table 5-12 Variable Value Types

Description ‘

Variable Value
constant Sets the variable to the value of <constant>. Must be a number.
Time of Model | Sets the variable to the simulation time in hours.

Time in 24H Sets the variable to the simulation time in hours on a 24-hour clock (i.e. will
always be between 0 and 24 hours). A simulation time of zero is equivalent to
midnight.

Day of Week Sets the variable to the day of the week where Sunday is 1 and Saturday is 7. The
keywords “Sun”, “Mon”, “Tue”, “Wed”, “Thu”, “Fri” and “Sat” can also be used
when using the variable in a logic rule.

L TUFLOW
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Variable Value ‘Description ‘

Period No Change | Sets the variable to the time in hours since there was last a change in operation.
H1D <node_id> | Sets the variable to the water level at the 1D node named <node_id>.
Q1D Sets the variable to the flow in the 1D channel named <channel_id>.
<channel_id>
H2D <x>,<y> Sets the variable to the water level at the 2D cell located at the XY coordinates
<X>,<y>
H2D <2d_po_ID> | Sets the variable to the water level at the 2D plot output location given by the plot
output ID.
HU Sets the variable to the 1D water level at the upstream node of the channel, based
on the digitised direction of the channel.
HD Sets the variable to the 1D water level at the downstream node of the channel
based on the digitised direction of the channel.
dHUD Sets the variable to the difference in water level between the upstream and
downstream nodes based on the digitised direction of the channel. Will be
negative if flow is in opposite direction to digitised direction.
H1 Sets the variable to the upstream water level of the channel based on the flow
direction.
H2 Sets the variable to the downstream water level of the channel based on the flow
direction.
dH12 Sets the variable to the difference in water level between the upstream and
downstream nodes based on the flow direction of the channel. Will always be
positive.
YU Sets the variable to the depth above the structure invert of the upstream node
based on the digitised direction of the channel.
YD Sets the variable to the depth above the structure invert of the downstream node
based on the digitised direction of the channel.
Y1 Sets the variable to the upstream depth relative to the structure invert based on the
flow direction.
Y2 Sets the variable to the downstream depth relative to the structure invert based on
the flow direction.
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5.9.1.3 Logic Rules

The logic rules consist of using If...End If blocks using the construct below.

If <condition 1> [ [ and | or ] <condition 2> ] [ [ and | or ] <condition 3> ]...
..enter one or more commands or variable definition lines
[ Else If <condition 1> [ [ and | or ] <condition 2> ] [ [ and | or ] <condition 3>

l...

..enter one or more commands or variable definition lines]
[ Else If..repeat as needed]

..enter one or more commands or variable definition lines]
[ Else

..enter one or more commands or variable definition lines]

End If

<condition_ 1> must be a conditional operation that includes one of the symbols “=", “>” “>="_*“<” or
“<=". The left and right sides of the condition must be a single value or a variable name. Optionally
the variable may be operated on by the following:

o A ¥ or “/” and a constant value. For example, a condition could be “x +2 < 3”; or

e Specifying “HIGHER” or “LOWER” to compare the current value of the variable to its value
at the start of the current period of no change in operation. For example, “x == LOWER” will
be true if the current value of ‘x’ is less than its value at the last time there was a change in
operation.

If more than one condition is to be applied, the conditions must be separated by either an “and” or “or”.
<condition_2>, <condition_3>, etc. have the same format as for <condition_1> above.

If...End If blocks can be nested inside other If...End If blocks. Indenting is strongly recommended to
make the control file easier to read.

5.9.1.4 Incremental Operators

For the majority of the parameters / variables within a control block these can be manipulated using
simple arithmetic. For example, within a control block, rather than opening a gate to a set opening
height or percentage it is possible to open by a set amount:

e Gate Opening % == 50 will open the gate to 50% open

e Gate Opening % == ++ 10 will open the gate by 10% from its previous position.
Four incremental / arithmetic operators are available, these are:

e ++increment up

e - increment down

o  **multiply
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e //divide

These can be used with or without the percentage operator. Gate Opening % == ++10 will open a gated
structure by 10%, Gate Opening == ++ 1.0 will open a gated structure by a height of 1m.

The example below shows the control definition for a pump that operates between 6am and 6pm Monday
to Friday and 10am and 4pm on the weekends.

Define Pump Control == P_8 to 1
! Default Settings
Pump Operation == OFF

I

! Set User Variables
t == TIME 24h
wday == DAY of WEEK

! Provide Logic
IF wday »>= MCON AND wday < =FRI
IF ¢t > & BND t < 18

Pump Capacitcy == 0.1
Pump Cperation == CN
ELSE
Pump Cperation == QFF
END IF
ELSE
IF ¢t > 10 ZND t < 1&
Pump Capacity == 0.1
Pump Operation == CON
ELSE
Pump Operation == OFF
END IF
END IF
End Define

! Define the sget of commands for "P & to 17

! Set the pump to off

t= the wvariable 't' to the simulation time on a 24hr clock
ts the wariable 'wday' to a day of the week

' If the day of the week is Mon - Fri
! If the simulation time is between 0600 and 1800hrs

' Sets the punp flow to a constant 0.1 m3/s
! Sets the pump to on

! Set the pump to off

! If the simulation time is between 1000 and 1600hrs

! Sets the pump flow to a constant 0.1 m3/s

! Sets the pump to on

! 52t the pump to off
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The example below shows the control definitions for a gravity released discharge to a power station
(modelled as a pump) and the gated discharge through the reservoir (courtesy of Natural Resources

Department, Wales).

1

Define Pump Control == PG_Pump

1
! Default Settings

Pump Capacity == 19.3 !
Pump COperation == OFF !

Period Spargup/Shundown (min) == 10 !

! Set User Variables
H2ZD 275300, 286230 H

n_Reservoir =

! Provide Logic

IF h Reservoir > 337.4
Pump Cperation == ON H

ELSE IF h Reservoir < 337.3
PUMP Cperation == OFF H

Define the set of commands for "PG_Fump"

Sets to Iflow capacity of the pump to 19.3m3/s
Set the pump to off
Set a 10min period in which the pump takes to SLALLUR/shukdown

Set the wariable to the water level at the 2D cell located
at the specified coordinates

When the water level at the 2D cell exceeds 337.4mRHD...

Set the pump to on

When the water level at the 2D cell is lower than 337.3mAHD...
Set the pump to off

Make no change to the operation of the pump

ELSE ! For all other situations...
Pump Cperation == NO CHANGE H
END IF
End Define
!
Define § Channel Control == { Release H

! Default Settings
Period Cpening/Closing (min) == 600
Gate Opening == CLOSE

! Set User Variables

h Reservoir == H2D 275300, 286250
period no_change == PERIOD NO CHANGE
wait _period rise == 1
wait_period fall == 1

! Provide Logic
IF period no_change < wait_period rise

Gate Cpening == NO CHANGE
ELSE IF h Reservoir > 337.5 AND h Rese
Gate Cpening == ++410

wait period rise ==
wait period fall == 3

ELSE IF period no change < wait_period fall

Gate Opening == NO CHANGE

ELSE
Gate Opening == --10
wait period rise 1
wait period fall 1
END IF
End Define

Define the set of commands for "{Q Release™

! Sets a 600min period in which the gate takes to open/clase

Sets the gate to closed

! Set the wvariable to the water level at the 2D cell located
! at the specified coordinates

Define a wariable for 'PERICD NO CHANGE'

Sets the variable 'wait period rise' to a constant of 1

Sets the variable 'wait period fall' to a constant of 1

! If the last time there was a change in operation of the
! gate is less than the constant for wvariable 'wait period rise’
! Make no change to the operation of the gate
rvoir == HIGHER If the water level at the 2D cell is greater than 337.5mAHD and
Increase the gate opening by 10m

Set the wvariable 'wait period rise' to a constant of 1

Set the wvariable 'wait period fall' to a constant of 3

If the last time there was a change in operation of the

gate is less than the constant for wvariable 'wait period fall'

Make no change to the operation of the gate

Decrease the gate opening by 10m

Sets the variable 'wait period rise' to a constant of 1

Sets the variable 'wait period fall' to a constant of 1
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5.9.2 Types of Operational Structures
5.9.2.1 Pumps (P and PO)

Pumps can be modelled as a “P” or “PO” type channel. In non-operational mode (P channel), the pump
flow is interpolated from a head discharge curve in the Depth Discharge Database defined via a head
difference versus flow relationship — see Section 5.12.4. In operational mode, PO, the pump flow can
be varied using functions such as: switching on and off over a start-up and shutdown period; and
changing the pump capacity and/or discharge curve according to time, day of the week, hydraulic
conditions and other variables. Pumps do not contribute to any model storage.

In the 1d_nwk layer, the following attributes can be used to set up the pump (also see Table 5-11).
e ID = Unique Channel ID.
e Type=“P”or “PO”.
e US_Invert = Intake elevation of the pump.
e DS Invert = Outlet elevation of the receptor.

e Inlet_Type = For non-operated (P) pumps the pump discharge curve in the Depth Discharge
Database. This curve is a head difference versus discharge curve, therefore, for a pump this
curve would usually have greater flows for smaller head differences. If the head difference is
negative (i.e. the receptor water level is below the intake water level) the discharge used is that
for a zero head difference. For operational (PO) pumps Inlet_Type refers to the Pump
operational control definition (see Define Control).

e Width_or_Dia = Diameter of the pump’s outlet pipe/hose. Used to trigger dry conditions (see
below) and for calculating the velocity.

o Height_or_WF = For PO pumps the initial operating pump capacity for fixed (constant) flow
pumps (subject to not being overridden by an operational control command).

e Number_of = Number of (identical) pumps.
P and PO pumps are simulated as dry (zero flow) if the upstream (intake) node is dry or the upstream

water level is below the intake elevation plus the output pipe diameter (i.e. the upstream (intake) water
level is below the intake soffit, which equals the US_Invert + Width_or_Dia).

P pumps always produce a flow in the direction the P channel is digitised based on that interpolated
from the pump discharge curve; the exception being when dry as described above.

PO pumps are typically operated on a time basis or based on hydraulic conditions elsewhere in the
model. Operational control commands specific to the Define Pump Control command are provided

below. Subject to not being overridden by an operational control command, PO pumps are assumed to
be OFF at the start of the simulation.

e  Pump Operation turns the pump on or off.

e  Period Startup/Shutdown sets the time taken to start the pump up or shut it down.
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e Pump Capacity sets the flow capacity of the pump. It is possible to set a constant flow rate or

a head-discharge curve referenced within the Depth Discharge Database.

e Pump Number sets the number of pumps in parallel.

The operational status of each pump is reported over time in the _O.csv output (see Section 13.2.2).
Possible status conditions include:

e “Off” is the pump is switched off.

e “Dry” if the upstream (intake) node is dry.

o  “Below Soffit” if the upstream (intake) water level is below the intake soffit.

e “Starting” and “Stopping” indicate the pump is starting up or stopping within Period
Startup/Shutdown.

o  “Constant” indicates the pump has reached full flow capacity after starting up and is operating
at its constant (fixed) flow rate, or “Pump Curve”, which indicates the pump is operating at a
flow rate based on interpolating into its head discharge curve.

5.9.2.2 QO Channels

For QO channels, depth discharge curves for different structure openings is used to vary and control the
discharge. The relationships are contained in a csv file in a similar format as used for M channels (see

Section 5.8.1). The vertical axis is the depth above the channel’s invert and the horizontal axis is the
percentage opening as shown in the example below. In the example, Column A contains the depth above
invert values and Row 2 the % opening values. Note that the value in cell A2 is a flow multiplier. If
this value is empty, negative or set to zero (0), a multiplier of one (1) is used. The flow through the

channel is interpolated from this table at each timestep based on the structure’s opening and upstream
depth above the invert.

A B C D E F G H | J K L M
1 Opening (%)
o 1 0 5 10 20 30 40 50 60 70 20 a0 100
3 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 7.0 0.00 2.90 5.87 1097 1614 19.90 23.64 26.82 29.24 32,06 3390 35.36
5 7.2 0.00 291 5.89 11.00 16.18 19594 23.68 26.88 29.30 32,14 3398 3545
6 7.4 0.00 2.92 .90 1102 16,22 19.98 23.74 26,94 29.37 32,21 3406 35.53
7 7.6 0.00 2.92 592 11.05 16.26 20.03 23,79 27.00 29.43 32,28 3414 3561
8 7.8 0.00 2.93 593 11.07 16.30 20.07 23.84 27.006 2950 32.36 3422 35.89
9 8.0 0.00 2.54 .94 1109 16.33 2011 23.89 27.12 29.536 3243 3430 35738
10 8.2 0.00 2.94 596 11,12 1637 2015 23,94 27.18  29.63 32,51 34,37 35.86
11 8.3 0.00 2.95 597 1113 16.39 2018 2396 27.21 2966 32.54 3441 35.90
12 8.4 0.00 2.95 .97 11,14 1641 20.20 23,99 27.24 29.69 32,58 3445 3594
13 8.6 0.00 2.96 599 11,17 1645 20.24 2404 27.30 29.75 32,65 3453 36.02
14 8.8 0.00 2.96 6.00 11.19 1648 20.28 2408 27.36 29.82 32.72 3461 36.10
15 9.0 0.00 2.97 6.01 11.21 16,52 20.33 24,14 2741 29.88 32.80 34.68 36.18
In the 1d_nwk layer, the following attributes can be used to set up a QO channel.

e ID = Unique Channel ID.

° Type - ‘CQO”'

e US_Invert = Elevation corresponding to zero depth in the depth-discharge curve.
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Inlet_Type = Contains both the control_ID and the link to the csv file containing the matrix of
flows for different openings and upstream water level as per discussion above. For example,
“DS_Gate | QChannel.csv”.

o The default field width for the inlet_type attribute is 12 characters, this may need to be
increased to allow longer names to be used. Instructions on how to change the GIS layer
attribute type in ArcMap, QGIS and MaplInfo are provided on the TUFLOW Wiki as
per the links below:

= ArcMap
=  Maplnfo
= QGIS

Width_or_Dia = Not used other than to estimate the velocity and contribute to nodal storage.

The following commands are specific to the Define Q Channel Control command used for QO channels.

Gate Speed sets the speed at which the gate moves.

Period Opening/Closing sets the time taken to transition from zero to 100% opening or vice
versa.

Gate Opening sets the position the opening to be operated towards. This can be specified
incrementally or as an absolute value.

An example of the GIS attributes and .toc commands for a QO channel are provided below.

TYPE

IGNORE

ucs

LEN_OR_ANA |0

N_OR_N_F
US_INVERT
D5_INVERT
FORM_LOSS
PELOCKAGE

INLET_TYPE

CONN_NO

WIDTH_OR D 2.4

HEIGHT_OR._ 0

MNUMBER_OF
HEIGHT_CON
WIDTH_CONT
ENTRY_LOSS

EXIT_LOSS

| Default Settings
Period
Gate

!User Variables

DS_Gate | QChannel.csv uUs_H HU
CONN_1D_2D | ALEs

period_no_change
wait_period

! Logic Commands

if period no_change < wait_ period
Gate

else US H > 48.25
Gate

Else US_H <
Gate

End
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5.9.2.3 Gated Drowned Rectangular Culverts (RO)

Rectangular culverts with a gate on the exit can be operated using the .toc commands below for a Define
Culvert Control block. The command is applicable for operated rectangular (RO) culverts only, and
uses the equation below as implemented into TUFLOW for a project based in Florida. The equation
below is for US Customary Units, but RO culverts can be used in metric or US Customary units. Note
that the equation is for submerged culverts only, therefore the user must ensure that the culvert is
drowned at all times.

2g(H - h)

A A on’L
| —“J 20 (-2 S
\I A A, 149°R,*?

Criteria: TW = He and HIWW= He

where (O = discharge (cf5s);
(4 = discharge coefficient;
Ay = area of the culvert flowing full (ft'):
Ag = the flow area underneath of the opening gate (ft);
¢ = acceleration due to gravity (32.2 ft*/s);
H = head water stage (fi);
h = tail water stage (ft);
n = Manning friction coefficient;
Hc = Height of the box culvert
L = length of the box culvert (ft);
Ry = hydraulic radius of the full pipe (ft);
HW =H — culvert invert elevation at head water side (fi);
' =h— culvert invert elevation at tailwater side (fi);
(fo = gate opening (ft);
Hg = gate height (ft).

Discharge coefficient of 0.75 is used for STA 3/4 culverts.
Gate Type sets the type of gate arrangement.
Gate Speed sets the speed at which the gate moves.

Period Opening/Closing sets the time taken to fully open a closed gate or to fully close an open gate.

Gate Height Fully Open sets the height (not elevation) of the gate when fully open above the gate’s seat
for vertically moving gate. If not set, the 1d_nwk “Height” attribute is used.

Gate Width Fully Open sets the width of the gate(s) when fully open for horizontally moving gates. If
not set, the 1d nwk “Width _or Dia” attribute is used.

Gate Opening sets the position the gate is to be operated towards. This can be specified incrementally
or as an absolute value.

Cd sets the discharge coefficient Cq in the equation above.
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5.9.2.4 Sluice Gates (SG and SGO)

Sluice gates can be operated using the .toc commands further below for a Define Sluice Control block.
The approach to calculating the flow through the gate is based on that documented in the HEC-RAS 4.0
Reference Manual as described below. For non-operated sluice gates (SG) the gate is assumed to be in
a fixed position based on the 1d_nwk Height_or WF attribute value.

For a free-flowing sluice gate (i.e. upstream controlled) Q is calculated using:

Q = C,WB\/2gH,

Where
Q = Discharge
C, = Discharge coefficient upstream controlled flow (default = 0.6)
W = Width

B = Height of gate opening above crest level
H; = Upstream energy level — Crest level

For downstream controlled flow:

Q = C,WB,/2gAH
Where

Cs = Submerged discharge coefficient (default = 0.8)
AH = Upstream energy level — Downstream level

Transition between upstream controlled and full submergence downstream controlled flow:
Q = C4WB,/2g3AH

The transition between downstream and upstream controlled flow equations is based on the degree of
submergence calculated as the tailwater depth above the spill crest divided by the upstream energy depth.
For a ratio below 0.67 upstream controlled flow applies, above 0.8 downstream controlled flow and in
between the transition equation applies.

Note that by default the energy level is used for calculating Hy and AH, however, this can be changed
globally to water surface level using Structure Flow Levels == WATER or by using the “E” or “H”
optional flag for the Type attribute (see Table 5-1).

When the flow is not in contact with the gate one of the following options apply:

e One of the advanced weir types (see Section 5.7.3.3) can be specified for the sill by adding the
weir type to the 1d_nwk Type attribute (e.g. “SGWB” or “SG WB” are accepted). The weir
equation for this weir type is applied when the gate is not controlling the flow. It is
recommended that one of the rectangular weir shapes is used (i.e. WB, WD, WO or WR).
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If no weir is associated with the SG channel, the flow is calculated using a zero length
rectangular channel with adjusted entrance and exit losses as per a zero length culvert.

In the 1d_nwk layer, the following attributes can be used to set up the SG or SGO channel.

ID = Unigue Channel ID.

Type = “SG” or “SGO”.

US_Invert and DS_Invert: The higher value is used for the sill crest.
Width_or_Dia = Width of the gate.

Height_or  WF = The height above the sill crest of the gate when fully opened (subject to not
being overridden by an operational control command).

Number_of = Number of (identical) parallel gates.

The following lists commands specific to the Define Sluice Control commands.

Gate Speed sets the speed at which the gate moves.

Period Opening/Closing sets the time taken to fully open a closed gate or to fully close an open
gate.

Gate Height Fully Open sets the height (not elevation) of the gate when fully open above the
gate’s seat for vertically moving gate. If not set, the 1d nwk “Height” attribute is used.

Gate Opening sets the position the gate is to be operated towards. This can be specified
incrementally or as an absolute value.

Cd Gate sets the discharge coefficient of the gate, Ca.

Cd Gate Submerged sets the submerged discharge coefficient, Cs.
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5.9.2.5 Spillways with Gates (SPO)

Gated spillways can be operated using the approach documented in the USACE Hydraulic Design
Criteria Sheet 312 for Vertical Lift Gates on Spillways.

For flow over the spillway unaffected by a gate the following equation applies:
2
Q =3 CaWH,2gH

Where @ = Discharge
C4 = Discharge coefficient (default = 0.75)
W = Width of the spillway (rectangular cross-section assumed)
H = Upstream energy level — Crest level

NOTE: Cq prior to the 2016-03 release was based on Q = C;WH./2gH (as per Sheet 312), with a
default Cq value of 0.5. As of the 2016-03 release, SPO channels now use the same formula as SP
and weir channels and use a default value of 0.75.

The ratio of the gated discharge to the ungated discharge is derived as:
3 3

Q¢ _Co(H; —Hy

Q Ca\ p

Where C; = Discharge coefficient (default = C,)
H,and H, = See diagram below from Sheet 312

If QG is less than Q, QG is used for the flow through the structure. The structure is also tested for
submergence using the same setting as for Ogee Weirs (see Section 5.7.3.4).

NOTE: Q=FREE-FLOW DISCHARGE AT
AD H

POOL EL_ Qe=DISCHARGE AT HEAD H AND
—— GATE OPENING Gg
GATE LIP EL Hi=Hz = G
A Hz
CREST EL } Go

1
GATE SEAT EL

VERTICAL LIFT GATES
DEFINITION SKETCH ON SPILLWAYS

DISCHARGE COEFFICIENTS

HYDRAULIC DESIGN CHART 312
REV I1-88 WES | -66

REPARED 8 U. 5 AAMY ENGINEER PATERWATS EAFERIMENT 314 1IUN, VICKSBUHG, MISSISSIFR]
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Note that by default the energy level is used for calculating the H values, however, this can be changed
globally to water surface level using Structure Flow Levels == WATER or by using the “E” or “H”
optional flag for the Type attribute (see Table 5-1).

In the 1d_nwk layer, the following attributes can be used to set up a SPO channel. Note that the 1d_nwk
values can be overridden by their equivalent operational control command.

e ID = Unique Channel ID.
e Type=“SPO".
e US Invert = Spillway crest level.

e DS_Invert = Gate seat level (see GATE SEAT EL in diagram from Sheet 312). If DS_Invert
is higher than US_Invert an ERROR 1050 results.

e Width_or_Dia = Width of the gate.
o Height or WF = The height of the gate above the gate seat when fully opened.

o Number_of = Number of (identical) parallel spillways.

The following section lists commands specific to the Define Spillway Control commands.

Gate Speed sets the speed at which the gate moves.

Period Opening/Closing sets the time taken to fully open a closed gate or to fully close an open gate.

Gate Height Fully Open sets the height (not elevation) of the gate when fully open above the gate’s seat
for vertically moving gate. If not set, the 1d_nwk “Height” attribute is used.

Gate Seat Vertical Offset sets the difference in height between the spillway crest and the seat of the gate
(i.e. the CREST EL minus GATE SEAT EL in the diagram above from Sheet 312).

Gate Opening sets the position the gate is to be operated towards. This can be specified incrementally
or as an absolute value. This value is Go in the diagram above from Sheet 312.

Cd Spillway sets the discharge coefficient of the spillway, Cq. Default value is 0.75.

Cd Gate sets the discharge coefficient of the gate, Cs. By default assumed to be the same as Cd Spillway
see Sheet 312.
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5.9.2.6 Weirs (WBO, WCO, WDO, WOO, WRO, WTO)

Weirs can be operated to simulate structures such as fabri (inflatable) dams for the WB, WC, WD, WO,
WR and WT weir types.

In addition to the 1d_nwek attributes for non-operated weirs (see Section 5.7.3.3) the following criteria
is used to set the limiting dimensions via the 1d_nwk attributes as follows:

Width_or_Dia = The width of the weir when fully open, or if the width remains unchanged
throughout.

Height_or_WF = The maximum height the weir can be raised above the weir invert during
operation. The weir invert level is defined by the maximum of the US_Invert and DS_Invert
attributes and represents the elevation of the weir when fully lowered. Note that for
operational weirs the Height_or WF attribute cannot be used to set the Weir Calibration
Factor, for which a value of 1.0 is used. For example, if we wish to operate a weir up to an
elevation of 15m for a structure with 1d nwk attributes US Invert=9.9m and
DS_Invert = 10m the following would apply:

o The weir invert would be at an elevation of 20m (which corresponds to a weir height of
zero (0) m).

o The Height_of WF attribute would be 5m (i.e. a height of 5m above the weir invert).

The following are the commands specific to Define Weir Control blocks for operating weirs.

Weir Height sets the height above the weir crest to operate towards.
Weir Width sets the width of the weir to operate towards.

Weir Height Speed sets the speed of the weir in the vertical.

Weir Width Speed sets the speed of the weir in the horizontal.

The generic commands Operation and "Period Opening/Closing ==" also apply.
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5.10 Cross-Sections

Cross-section hydraulic properties tables may come from several sources:
e Calculated using a cross-section profile in a .csv or similar formatted file.

e A hydraulic properties table in a .csv or similar formatted file.

e  External sources such as MIKE 11 processed data .txt files or Flood Modeller .pro files.

Cross-section profile and hydraulic properties data are accessed using a 1d_xs GIS layer and the .ecf
command, Read GIS Table Links. Type “XZ” is specified if accessing a cross-section profile (distance

versus elevation) and a type “CS” or “HW” is used if accessing a hydraulic properties table (elevation
versus width). Table 5-14 presents the attributes required for the 1d_xs GIS layer. A number of optional
flags are available for both “XZ” and “CS” or “HW” and are explained in more detail in Sections 5.10.1
and 5.10.2.

External sources are defined using the XS Database and M11 Network commands. Cross-sections are
extracted using the 1d_nwk attributes Inlet_Type, Conn_1D 2D and Conn_No as described in Table
5-2. The hydraulic properties table is automatically created from the external source. The conversion
from these sources preserves all the hydraulic properties listed in Table 5-13 including any vertical

variation in bed resistance (Manning’s n) values.

Itis possible to let the water level at a cross-section to extend above the highest elevation in the hydraulic
properties table. The default is to allow the water level to exceed ten times the depth of the CS or NA
table before an instability is triggered. See Depth Limit Factor for further details.

Table 5-13 Channel Cross-Section Hydraulic Properties from External Sources

Property ‘ Flag Required Description

Elevation n/a Mandatory | The water level elevation in m above the datum at which the hydraulic
properties apply.
Width n/a Mandatory | The storage width in m.

Area A Optional | The effective flow area in m2. If omitted, the area is calculated based
on the elevations and widths starting at an area of zero at the lowest
elevation.

Wetted P Optional | The wetted perimeter in m. If omitted, the area is calculated based on
Perimeter the elevations and widths assuming a symmetrical channel.

Manning’s n N Optional | The variation in Manning’s n with height. Default value is the
Manning’s n is that assigned to the channel using the Manning_n
attribute.

Manning’s n F Optional | A multiplication factor that varies with height applied to the Manning’s

Factor n value. This option may be used instead of the N flag above.
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Table 5-14 1D Cross-Section Table Link (1d_xs) Attribute Descriptions

Default GIS
No. Attribute Description

Name

Command

1 Source Filename (and path if needed) of the file containing the tabular data. Char(50)
Must be a comma or space delimited text file such as a .csv file.

2 Type Two characters defining the type of table link. Char(2)

“XZ”: Cross-section XZ profile (can include horizontal variations in
resistance). The first column is the distance column, and the second the
elevation column. Other optional columns are described under the Flags
attribute below.

“CS” or “HW”: Cross-section hydraulic properties table. The first two

columns must be elevation and width. Optional flags are described under
the Flags attribute below

3 Flags Optional flags are as follows: Char(8)

XZ Tables:

“R”, “M” or “N”: The relative resistance (Column 3) is used to vary the
bed resistance value (Manning’s n) across the section. Specify an “R”
flag for relative resistance factor, an “M” flag to use a material number or
an “N” flag for a Manning’s n value.

“P”: The position values (Column 4) are used to indicate whether an XZ
point is left bank (1), mainstream (2) or right bank (3). P values must be
entered as 1, 2 or 3. See Section 5.10.1.1.4.

“A”: The addition values (Column 5) are used to raise or lower the Z
value — this is useful, for example, for modelling siltation or erosion of a
cross-section, raising, or adding blocked rails to, a weir cross-section, etc.

“E” or “T”: Specify an “E” to use effective area or a “T” to use total
area when calculating the flow area (see Section 5.10.3 and Flow Area).
If neither is specified, the global value set using Flow Area is used.

CS or HW Tables:

“A”: Flow area (Column 3)

“P”: Wetted perimeter (Column 4)

“F” or “N”: Vertical change in resistance (Column 5). Use “F” for a
multiplication factor and “N” for a Manning’s n value.

“E”: Effective flow width (Column 6)

4 Column_1 Optional. Identifies a label in the Source file that is the header for the Char(20)
first column of data. Values are read from the first number encountered
below the label until a non-number value, blank line or end of the file is
encountered.
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Default GIS
Attribute Description

Name

Command

If this field is left blank, the first column of data in the Source file is used.

5 Column_2 Optional. Identifies a label in the Source file that is in the header for the Char(20)
second column of data.

If this field is left blank, the next column of data after Column_1 is used.

6 Column_3 Optional. Identifies a label in the Source file that is in the header for the Char(20)
third column of data.

If this field is left blank, the second column of data after Column_1 is

used.
7 Column_4 Optional. Defines the fourth column of data. Char(20)
8 Column_5 Optional. Defines the fifth column of data. Char(20)
9 Column_6 Optional. Defines the sixth column of data. Char(20)
10 Z_Increment | Optional. Sets the height increment in metres to be used for calculating Float

hydraulic properties from a XZ cross-section profile. If less than 0.01,
the increment is determined automatically. Only used for XZ cross-
section data.

11 Z_Maximum | Optional. Sets the maximum elevation in metres to be used for Float
calculating hydraulic properties from a XZ cross-section profile. If less

than the lowest point in the cross-section profile, Z_Maximum is taken as
the highest elevation in the profile. Only used for XZ cross-section data.

12 Skew Optional. Adjusts the cross-section properties for XZ and CS/HW data Float
(in degrees) | according to the skew angle. Useful where the cross-section line is
surveyed oblique to the flow direction. The skew angle is zero degrees in
the direction of flow and 90 degrees if surveyed at a right angle to the
direction of flow. For example, a value of 45 adjusts the horizontal
dimensions by dividing by the V2.
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5.10.1 Type “XZ” Optional Flags

5.10.1.1 Relative Resistances

Varying the resistance across an XZ (offset-elevation) cross-section is possible by using either a relative
resistance factor (R flag), different material 1D values (M flag) or different Manning’s n values (N flag).
These are discussed further in the sections below.

The relative resistance value applies midway to either side of the X-value (except the first and last X-
values where it only applies to midway to the single neighbouring X-value). The reason for this is that
material or n values can be correctly sampled from a GIS layer at the survey points. This is slightly
different from some other 1D hydraulic modelling software that apply relative resistance values from
the previous X-value to the current X-value or from the current to the next.

Sections of a cross-section can be “removed” by entering -1 (negative one) for a resistance value. This
feature is particularly useful when developing a linked 1D/2D model where the 1D cross-sections are
typically trimmed to the top of bank to avoid double counting of floodplain storage.

The relative resistance factor (R) is a multipl