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How to Use This Manual

This manual is designed for both hardcopy and digital usige provided in both its nativiglicrosoft
Word 2013version and as a pdf. The pdf version is faster to navigate around and, ficstthime,
seems to have all links preserved (previously the manual was only issued as20Watdcument as
not all links were preserved in the pdf conversion).

Section,Table andrigure references aggyled like thisandlinked. In Word © go to tielink hold down
the control (Ctrl) key andlick 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 importantlgcript or controfile commands are hyplarked and are easily accessed
through the lists at the end of the manu quickly go to the end of the manual press Ctrl.ERgere
are also command hyperlinkgthin the text (normally blue and underlinedfommand text can be
copied and pasted mthe text files to ensure correct spelling.

Web and emailihks arestyled like this An increasing amount of content now resides ol theLOW
Wiki with web links provided in the document to these pagetheruseful keysare Alt Left / Right
arrow b link backwards / forwards to the last locatiorStrl Home returns to the front page, which
contains useful links

A secondary window can be openiadVordby selectiig View, New Windowor in Adobe Acrobat by
selecting Window, New Windopallowing you to view different sections of the document in different
windows For examplethe TUFLOW commandists could be vieweth one window and thsection
describing the functionality in another window.

Constructive suggestions aaivayswelcome please emaitupport@tuflow.com

About This Manual

Thisdocumenis theUser Manual for the TUFLOVENd TUFLOW GPUhydrodynamic computational
enginesfor the 201603 releaseOf particular note fousers of earlier releasedlmtsupersededantent
relatingspecifically toprior TUFLOW releases, especially prior to 26Q9, has largelybeen removed

For changeto different releases refer to the links in Chaft&rand for those particular 201603 see
the201603 elease notes

If simulating moded usingprior TUFLOW builds referencemay need tde made to theelease notes
anddocumentation relevant for that particular builthese can be downloaded frone All TUFLOW
Downloads pager requested froraupport@tufloncom
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GLOSSARY & NOTATION

ArcMap /ArcGIS ArcMap, alsareferredto as ArcGlISis distributed byESRI
(http://www.esri.cofn ArcMapis a GIS software package that can be used
develop the georeferenceairt data for TUFLOW TUFLOW writes result
and check files which are compatible with ArcMap also.

attribute Dataassociateavith attachedo a GIS object For example, an elevation is
attached to a point wusind he dtHkeuia
the point is an attribute of the point.

Build The TUFLOW Build number is in the format of yemonthxx where xx is
two letters starting at AA then AB, A@ic for each new build for that month
The Build number is written to the first line in th# log files so that it is clear
what version of the software was used to simulate the mddhe first Build
was 200103-AA. Prior to that, no unique version numbering was used.

cell Square shaped computational element in a 2D domain.

centroid Thecentre of a region or polygon.

channel Flow/velocity computational point in a 1D model.

CnM CnM is a Chezy C, Manningds n or
code Code refers to the code as s itmgusthave

a vdue of one of the following

M -1 for a null cel] included in mesh, but excluded from the calculation.
9 O for a permanently dry cell

1 1 for a possibly wet cell
1

2 for an external boundary céissigned automatically)

command Instruction in a control file.

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

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

DTM Digital Terain or Elevation Model

element A discretefeature in a 1D domain model, for example, a node or chaiiimel
term fiel ement o and fAcell &6 are int
the model
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fixed field

Fric

GIS

Read GIS

Grid
h-point
Invert
IWL
land cell
Layer

line

Maplinfo

MAT

Material

QGIS

Lines of text in a text file that are fortbad to strict rules regarding which
columns values are entered in fbhis format was used for previous versions
of ESTRY and TUFLOW anis no longersupported If using an older version
of TUFLOW which requires this formaplease efer to previous marals for
the full documentation.

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

Geographic Information Systerfor use in TUFLOW modelling it will need tc
be able tdmport/export files in .mibr .shp formats.

The TUFLOW ReadGita<dala tyfpe> == Qis used to input
spatial data into TUFLOWFor exampleRead GIS IWL ==
2d_IWL.mif ~ Would be used to read into Initial Water Level (IWL) data.

The mesh of square cells that malgea 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 weg. an inactive cél

A GI'S data |l ayer (referred to as

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

Maplnfois distributed byPitney Boweghttp//www.mapinfo.com). Maplinfo
is a GIS software package that can be used to develop the georeferenced
data for TUFLOW TUFLOW writes result and check files which are
compatible with Maplnfo also.

Material type.

Term used to descritebed resistance category or lamge Examples of
different materials are: river, river bank, mangroves, roads, grazing land, ¢
cane, parks, etc.

QGiISis freeware softwarévww.ggis.org). QGISis a GIS stiware package
that can be used to develop the georeferenced input data for TUFLOW
TUFLOW writes result and check files which are compatible @i@iSalso.
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Read MI

Read MID

.mid

.mif

node

null cell

obvert

pit

pit channel

pit inlet

point

AiMl 06 indicates i np uPriordorthe 200a0paletse td
only format TUFLOW recognised was the .mif format, hence the notation
fi ML &or example:

Read MI IWL == 2d_IWL.mif

Since the 20140 releaseTUFLOW also recognises the .shp format and the
not at i oReadfGGIIVELO =E 2d_IWL.mif ) isthe preferred
option,howeveriit Md Rgad Ml IWL == 2d_IWL.mif) may still be
usedfor .mif formatfile references

SeeRead RowCal Prior to the 20140 release the only format TUFLOW
recogni sed was the. mi dDbdhe@d@lQ he
release also recognises the .dbf
preferred option, however, the Read MID notation can still be. uEbd
functionalityis identicalbetweerRead RowCol and Read MIDDther formats
such as comma dalited (.csv format) may also be used

Maplnfo Industry standard GIS import/export file that contains the attribute
data of geographic objects in a .mif fil&he .mif and .mid files are a pair, an
candt be opened in &htS unless bot

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

Water level computatiopoint in a 1D domain.

Node in amodelmesh used for viewing 2D results in SMBhe nodes are
located at the cell corners.

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

A null cell is an inactive 2Daell 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 charBe# Sectio®.12.2
for more information on pits and pit channels.

A small channel inserted at a pit typically used to convey water from overl
2D domains to 1D pipe network$ee Sectio.12.2for more information on
pitsand pit channels.

The entrance to a pit channeb(a gully trap) See Sectiol.

GI'S object represent i nd panthasonolengtha
area.
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polygon

polyline (or Pline)

polyline segment

region

Read RowCol

.shp

SMS

snap

soffit

u-point

V-point

vert ices

See region.

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

One of the line segments that make up a polyline.

A GIS object representing an enclosed dieaa polygon. A region tas a
centroid, perimeter and areRolygons can have internal hales

Used to read input where the input of the attribute data of a GIS layer whe
the first two attributes are the row and column of the 2D .cé&lte row and
column (oftenabel | ed fAind and Amo) are uscs
that the other attribute data can be assigned to theFmllexample:

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

As the cell row and column are referenced in the data, the spatial datzotio
need to be readThis makes the file faster to read, however, if the cell size,
orientation, origin or extent are changed the file needs to-beeated For

this reason the Read RowCol format is not frequently used.

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

Surface Water Modelling Software distributed by Aquaveonfgmty EMSH)
(www.agquaveo.con SMS can be used as an interface for TUFLOW, allow
the user to view results and also to create a TUFLOW model within the S!
interface This is commercially available software aadicence is required.

When geographic objects are connected exactly at a point or along a side
Ar c Map, QGlI'S and Maplnfo all have
features have the same coordinaf€le snap tolerance can be changed in
TUFLOW using theSnap Toleranceommand.

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

Computational point, midway alorige right hand side of a 2D cell, where th
velocity in the Xdirection is calculatedT he cel | 6s | ef t-
point belonging to the neighbouring cell to the left.

Computational point, midway along the top side of a 2D cell, evties
velocity in the Ydirectionis calculatedT he cel | 6s bot+t o0
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 calibrationfactor for upstream controlled weir flow.
ZC A ACO Zpt Il ocated at the cell <cen
ZH A AHO Zpt Il ocated at the cell <cor
Zpt or Zpts Points where ground/bathymetry elevations are defifdese are located at

the cell centres, midides and corner

ZU A AUO Zpt |l ocated asides.the right an
ZN A AVO Zpt |l ocated at-sidehe top and

TUFLOW USER Manual i Build 2016-03-AA

AL TUFLOW


http://www.tuflow.com

Introduction 1-1

1 Introduction

Chapter Contents

1 Introduction 1-1
11 Introduction 1-2
1.2 TUFLOW (Classic and GPU) 1-3

121 TUFLOW 2D Implicit Solver 1-3
1.2.2 TUFLOW 1D Solver (ESTRY) 1-3
1.2.3 TUFLOW 2D Explicit GPU Solver 1-4
1.2.4 TUFLOW Advection Dispersion and Heat Balance (AD) Module 1-5
1.25 Sediment Transport and Morphology (ST) Module 1-6
1.3 TUFLOW RV 1-7
1.4 Limitations and Recommendations 1-8
14.1 UK Benchmarking Study 1-9
15 Modelling Environment 1-11

TUFLOW USER Manual i Build 2016-03-AA AmFLOW


http://www.tuflow.com

Introduction 1-2

1.1 Introduction

TUFLOW, or as sometimes referreddae TUFLOW Classic, is one divo products TUFLOW and
TUFLOW FV, for carrying out freesurfae computational hydraulics of long wavasch agloods and
tides TUFLOW is a grid based 2D hydrodynamic ksaeface flow solverwhile TUFLOW FV is a
flexible mesh 2D and 3D solver. The engines are stitesimulating flood, tide, storm tidésunanis
and coastal hydraulics TUFLOW Classic incorporates worldading 1D/2D dynamic links to an
advanced 1D schemwith this functionality presently being incorporated into TUFLOW. FV

TUFLOW offers two2D numerical schemes: a CPU basé&tbzder implict schemeandthe TUFLOW
GPU module that value adds aseavily parallelised*tlorder rapid solver specifically designed for
high endgraphic cards (GPUshat can reduce rutimes by one to two orders of magnitudehe 1D
and 1D/2D functionality of TUEOW Classic is presently being built into TUFLOW GPU.

TUFLOW FV usesa flexible mesh of triangles and quadrilaterals, solving 2D and 3D forms of the
equations with options for'land 2or der sol uti ons, and dynamic
TUFLOW FV is briefly discussed in Sectidn3and its documentatioren be downloaded

This manual covers TUFLOWNdTUFLOWO &PUmodule

For any enquirieen TUFLOWor TUFLOW FV,please emaihfo@tuflow.comor sales@tuflow.com

Figure 1-1 Schematisation of 1D, 2D Grid and 2D Flexible Mesh Models
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1.2 TUFLOW (Classic and GPU)

TUFLOW is a computer program for simulating deptlreragedpneandtwo-dimensional freesurface
flows such as occurs from floods and tidei&h the 2D solution occurringver a regular grid of square
elements. TUFLOW was originally developed for modelling tvdimensional (2D) flows, and stands
for Two-dimensionalUnsteadyFLOW.

TUFLOW incorporates two grid based solvers; a CPU based second ordémgdinii solution often
referred to as TUFLOW Clag, and a heavily parallelised first order explicit solbeiilt for speed
referred to as TUFLOW GPU.

TUFLOW alsoincludesthe full functionality of the ESTRY 1D network or qu&fd modelling system
based on the full ondimensional (1D) fresurface St ¥nant flow equationdn addition tahe ESTRY
1D engine,TUFLOW has also been dynamically linked (fully integrated) withftllewing external
1D solvers:Flood Modeller (formerly known as ISISXP-SWMM 1D solution enginesand12D Civil
Engineering 8lutions 1D drainage module.

1.2.1 TUFLOW 2D Implicit Solver

TUFLOWGs i mp lisbasedon Stdlling984), anctis documented in Syr(l997). It solves

the full two-dimensional, depth averaged, momentum and continuity equations feuffaee flow
usng a 29 order semimplicit matrix solver The scheme includes the viscosity or -guinl-scale
turbulence term that other mainstream softvean&. The initial development was carried out as a joint
research and development project between WBM Ocedhistralia (how BMT WBM) and The
University of Queensland in 1990The project successfully developed a 2D/1D dynamically linked
modelling system (Sym@&991) Latter improvements from 1998 to today focus on hydraulic structures,
flood modelling, advanck2D/1D and 2D/2Dlinking, and using GIS for data management (Syme
2001a Syme 2001b) TUFLOW has also been the subject of extensive testing and validation by WBM
Pty Ltd and others (Bartp2001; Huxley, 2004 Néelzand Pende2013).

TUFLOW is specifially orientated towards establishing flow and inundation patterflsddplaing
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 powerfu feature of TUFLOW s its ability to dynamically link to 1D networks using the
hydrodynamic solutions of ESTR¥]ood Modeller XP-SWMM and 12D The user sets up a model
as a combination of 1D network domains linked to 2D domaftsssuch the 2D and 1Rlomains are
linked to form one overall model.

1.2.2 TUFLOW 1D Solver (ESTRY)

ESTRY isthe primary 1Dengine used by TUFLOWESTRY solves théull one-dimensional (1D)
free-surface St Venant flow equationsing a Rung&utta explicit solverand is in its owrright a
powerful 1D network dynamic flow software suitable for modelling of floods and tides (and/or surges)
in a virtually unlimited number of combinations.
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The program was developed by BMT WBM Pty Ltd (previously WBM Oceanics Australia) over a
period offorty years and has been successfully applied to a wide range of investigations from simple
single channel applications to complex qt8i (branched or looped 1D) flood models and large
underground pipe network system&he network schematisation techmégused allows realistic
simulation of a wide variety of 1D and qua&®) situations including: complex river geometries;
associated floodplains and estuaries; and urban channel and pipe network.sistémetuding non

linear geometry it is possible taqvide 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 amourftflexibility 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 brancHigflexibility 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 waage of additional channel types are
available including:

Circular, rectangular (box) and irregular culverts;

Pit or manhole inlets;

Bridges;

Weir channels (including ¥otch, ogee, crump broad crested and user defined);

Spillway, radial and sluice gates;

=A =4 =4 4 -4 =4

Pumps; and
i User defined structures.

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

The type of information vided 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. p&tbdr
information available includes maximum and minimum values of these varéablesl as total integral
flows (integrated with time) through each network channel.

The ESTRY 1D model is described in detail in Chapter

1.2.3 TUFLOW 2D Explicit GPU Solver

TUFLOWG s e2plixit solver was first developed in 201d harness the power of heavily parallelised
processing units found iGraphicsProcessingUnits (GPU, also called a video or graphics card)
TUFLOW6s 2D implicit solver is not as suited t
due to @&pendencies within numerical loop3.he 2D Explicit GPU Solver is sold as module of
TUFLOW referred to as TUFLOW GPRU
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TUFLOW GPU is a 2D fixed grid hydrodynamnsolver thausesan explicitfinite volumesolution that

is 15torderin space and®order in time (and 29 order in time solutions are also available but are not
recommended). TUFLOW GPU uses adaptive timespépg with the ability to revert back in time
should a numerical inconsistency occur, thereby providikigemenumericalstability. The solution
solves the full 2D fresurface equations includirijeinertia and sulgrid turbulence (eddy viscosity)
terms.

Thesolver has been specifically developed to harness the heavily parallelised processing capabilities of
GPUcards ModernGPUcards have large numts@f processing cores{ the time of writing a single

card may have in excess3)D00 cores) By utilising multiple GPU cores, significant run time benefits

can be achieveasing explicit schemes.his benefit is most pronoaad for very large models (in terms

of number of cells)

TUFLOW GPU is currently limited to 2Dnly applications, and as such hast yet been dynamically
linkedtoTUFLOW6s 1D sol ver. However, the new Virtue
inlet pits/gullies for modelling urban areas at a high resolution, and is a stepping stone to linking in the

1D solver, particularly for modelling full pipe networks. This feature is planned for release during 2016

TUFLOW GPU is welsuited tobroadscde, first pass overland flow assessments, urban areas where
high resolution detail is required to depict the urban topography anddate modellingIn particular,

the runtime benefits of this software are extremely powerful for bsoalboverland fow assessments

and urbarflooding thatmay have otherwise been too computationally intensive to model using a CPU
type model.

TUFLOW GPU whilst being a different numerical solvases the same model development framework

as TUFLOWOGs 2D, withdpll iefittls®l pewer and flexibilit:
functionality, scripting and scenario/event management availadewvever, due tcefficiencies in

maximising simulations speeds on GPU cards, the sionglistic solution schemeand theyoungage

of TUFLOW GPU, not al | of the functionality of
information specific to TUFLOW GPU is provided @hapterl0 of this document

1.2.4 TUFLOW Advection Dispersion and Heat Balance (AD) Module

T UF L OWD (@dvection dispersion) module provides the capability to simulate constituent fate and
transport in receiving waterst is applicable to:

1 Mixing in inland waterways;

1 Fate of plumes;

1 Flushing assessments;

1 Advanced atmospheric heat &ange routines simulating thermal mixing and plumes;

T UF L OWD Wser Manuals aseparate documetitatcan be downloaded fromww.tuflow.com
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1.2.5 Sediment Transport and Morphology (ST) Module

TUFLOWOGs ori gi nal modueRscirrbhoyy eoihrod orgeypl aced with TUF
sophisticated sediment transport module algorithmE&or further information please contact

support@tuflow.com

AL TUFLOW
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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 solvesdbaservative integral form of the non

linear shallow water equations (NLSWHE)he equations can be solved in 2D (vertically averaged) and

3D. The keyTUFLOW FV scheme features include:

The abilityto intrinsically handle shocks.
Subcritical, supearitical and transitional flows.

1
1
1 Local (and global) conservati of numerical precision.
1

Robust wetting and drying.

1 1stand 29orderspatialschemes.

TUFLOW FV is also dynamically linked with TUFLO
routines, with fulllinkage planned for 2016.

The flexible mesh model structure allows users to modify mesh resolution spatially, seamlessly
increasing the model resolution in areas of interds$tis modelling approach reduces the number of
computation cells in a model andrte reduces simulation time&dditionally, TUFLOW FV has been
parallelised This means users can fully capitalise on the computing power of multiple processor/thread
computers It is has been configured to run BindowsandLinux operating systems

TUFLOW FV utilises different model development platforms compared to the rmawnglistic grid
based approach of TUFLOW. Typically a thpdrty flexible mesh generator is utilised.

TUFLOW FV also has a range of modules, including:

1 AD (advection dispersiy modulethatprovides the capability to simulate constituent fate and
transport in receiving waters Is suited to investigations intsalinity, temperature and
sediment concentrationkdt require the 3D simulation density driven currentsThe AD
schemeformsthe core of subsequent sediment and water quality capabilities.

1 ST (sediment transporitnodule thatprovides the ability to simulate cohesive and -non
cohesive sediment transport, linked to hydrodynamic response via a morphological update
routineto simulate evolution of bed feature®pplications includeriver, estuarine and coastal
morphology;shoreline processeand €ouring and bank stability.

1 Water quality modellings available using TUFLOW FV in combination wittie AquaticEco
Dynamics(AED) mode] developed by the University of Western Australfdisis currently
a bespokeervice with acommercial version is currently being finalised.

TUFLOW FV is currently sold and documented as a separate prodibetScientific Referencand
Usa Manual can be downloaded framww.tuflow.com

For furtherinformationon TUFLOWFV please contacbfo@tuflow.can or sales@tuflow.com
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1.4

Limitations and Recommendations

TUFLOW is designed to model fresairface flow in coastal waters, estuaries, rivers, creeks, floodplains
and urbardrainage systemsFlow regimes through structures are handled by adaptation of the 1D St
Venant Equations and the 2D Shallow Water Equations using standard structure eqBapensitical

flow areas can be represented (see note below).

Limitations anl recommendations to note are:

1

In areas of supegritical flow through thelD and2D domains, the results should be treated
with caution, particularly if they are in key areas of interéestdraulic jumps and surcharging
against obstructionsan be compbe3D flow phenomena that are represented by 1D solutions
as an occurrence between computational nodes and only approximately repregetided
solutions

The Smagorinsky viscosity formulation is preferred over the constant viscosity formulation to
model si-cell turbulence (Bartar2001). This is the default approach in TUFLOW is

always good practice to carry out sensitivity tests to ascertain the importance of the viscosity
coefficient(s) and formulatignwhich will be more influential where the bétttion is low

(eg. in tidal reaches and coastal waters) and there are significant changes in velocity direction
and magnitude causing sghd shear effects (eg. downstream of a constriction)

Caution may be needed when using very small 2D cell giaecularly when the flow depth

is significantly larger than the cell width (Bar{d&2001) Modelling on a very fine griavith
water depths much greater than the cell siag start to violate the assumptionstioé 2D
equations CFD (Computational Flgi Dynamics) codes that model turbulence and other terms
more accurately may be needed in these situatidhg influence of the viscosity (stgvid
scale turbulence) term can be particularly relevatawever, testing of models with very fine
cell sizes(down to 0.1m) has indicated that reliable results can be obigiaditularly in
urban areas where the flow depths are typically shallow

Modelling of hydraulic structures should always be cidsscked with desktop calculations
or other software, espially if calibration data is unavailableAll 1D and 2D schemes are
only an approximation to the compl&®D flows that can occur through a structure, and
regardless of the software used should be checked for their performance 199&6&yme
2001).

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 velocityiatires not
influenced by the direction of the linked 1D chanrdalmost situations these assumptions are

not of significant concern, howevethey may influence results where a large structure
(relative to the 2D cell size) is modelled as a 1D elemd@tdFLOW alsohas a range of
options for modelling large structures in the 2D solution scheme.
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1.4.1 UK Benchmarking Study

T h éesRtop Review of 2D Hydraulic Modelling Packagyesport(Néelz and Pend&009 released

in the Lhited Kingdom by the EnvironmentAgency highlightedthe rapidly growing number of
hydraulic modelling packages available for flood inundatestimation A vast amount of
documentation exists on appropriate applications of each modelling package however iittle
discusses the influeethatthe choice omodellingpackagemay have The conclusions of greport
recommended a series of benchmarking test cases to provide guidance on choosing the appropriate
modelling package fduture applications

In response ttherecommendations series of 1@D flood inundation modellingenchmarking tests
were conducteth 2010using a variety of modelling packagesdditional testing was undertakenim
2012 and published 2013 due to the availability of new modelling packages and thaefu
development undertaken on existing modelling packabesoftware development organisations tested
a total of 19 modelling package3he results are documented in the rep@stnchmarking the Latest
Generation of 2D Hydraulic Modelling Packagélléelz, S and Pender, G2013.

TUFLOW was submitted for the initial phase of testing in 2010 with all tABeechemesTUFLOWOG s
implicit and explicit GPU solversand TUFLOW FV6 s e x p | iuadergoing thd moee mesent
phase of testing i2012 The results demonstratednsistencyoetween each of the three TUFLOW
engines and with other fully dynamic schem@dl three TUFLOW emgines were found to be suitable
for the following applications:

Prediction of inundatioextent;

Prediction of maximundepth;

Prediction of maximurnvelocity;

Prediction of temporal variation in inundation extent;

=A =4 =4 =4 =4

Prediction of temporal variation in depdmd

9 Prediction of temporal variation in velocity

The 10 tests are outlinedTrablel-1 below. For further informationeferton Be nc h mar ki ng t he

Generation of 2D Hydraulic Modelli)ng Packageso

TUFLOW USER Manual i Build 2016-03-AA /-NTUFI—OW

(


http://www.tuflow.com
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/290884/scho0510bsno-e-e.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/290884/scho0510bsno-e-e.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/290884/scho0510bsno-e-e.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/290884/scho0510bsno-e-e.pdf

Introduction

1-10

Table 1-1

Table 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 inundationtest and
final flood depth for low momentum flow over
complex topographies.

3 Momentum conservation over a smg Tests capability to simulate flow at relatively loy

(0.25m) obstruction depths over an obstruction with an adverse slo
4 Speed of flood mpagation over an | Tests simulation of speed of propagation of flo(
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 th

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

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

8A and 8B | Rainfall and swer 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 decesnot haveits own graphical user interface, but utils&IS and othethird-party GUI
software for the creation, manipulation and viewing of data

Text files are used for controlling simulations and simulationmeis, whilst the bulk of data input

is in GIS formats The GIS approach offers several benefits including:
f The unparalleled power of GI'S as a Awork env.
1 The many GIS data management, manipulation and presentation tools;

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

i Efficiency in prodicing high quality GIS based mapping for reports, brochures, plans and
displays;

1 Flexibility in choice of GIS package;
1 Seamlessiandoveiof model inputs and results clients requiring data in GIS format; and

1 Betterdataquality control.

Section2.1 outlinesa variety of GUI software packages thatay be utilised for constructingnd
visualisingTUFLOW models

A range of graphical interfaces aisoavailable which allow the user to prepare spatial inputs, model
control paameters, start TUFLOW simulations and view outputs feosingleinterface Available
Graphical interfaceptions are discussed maye theTUFLOW website.

Regardless of the Glgackage or interface used, the TUFLOW control files, GIS layers and modelling
concepts are the same as outlined in this mantds manuabnly focuseson TUFLOWS mitegration

with GIS. For information and documentation on thpdrty TUFLOW GUIs, refeto the Graphical

User Interfaces currently available
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2.1 The TUFLOW Modelling Concept

TUFLOW offers a different, butmore powerful and efficient approach to modelling compared with
other hydrodynamic modelling softwardUFLOW scrips (control files)allow modellergo readily
and easilysetup modify and runnumeroussimulations whether it be different calibtian events, a
batch of design events or various whiacenarios investigating flood mitigatimptions Combined
with the power of GISthe TUFLOW concepoffers substantial benefits in terms of efficient workflow,
modifications to modelgjuality contol and user satisfactippspecially on investigations involvitige
examination of a multitude of events dndv hiafs@enarios

For those modellers preferring to work predominantly within a Graphical User Interface, thelsoare
several third partgptions as discussed later in this chapter. For experienced modellebilitigo

be able to essentially script up a model, andGi&ein combination with thes&UIs, offersa highly
proficient arrangement by utilisirtge optimal softwarefor different modellingasls.

Thefundamentakoftwarenecessary for building and viewing TUFLOW modats:

1 A text editor.

1 Spreadsheet software

1 GISsoftwarethat can import/export .mif filear .shp files.
1

3D surface modelling softwafer the creation and integation of a DTM, and for importing
3D surfaces of war levels, depths, hazard, et€his functionality isavailablein most GIS
packages, sometimes as an-aud

1 GIS and/or a GUI foviewing results
The above combination of offers a very powerfubrkflow efficientand 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.

Suggestd software packages inclugbut are notlimited to) those listed inTable2-1. Figure 2-1
illustratesan overview of thelata input and outputorkflow:
1 TheGIS system is used to set up, modify, théoadly map andnanageall geographic data.
1 Time-seriesand other norgeographically located daatabulated usingpreadsheet software

1 Thetext editoris used tareate and edit TUFLOWimulationcontrol files The control files
list all the simulatio commands anélle path references to the above mentioned GIS and
tabular datasets.

1 TUFLOW outpus results in text editor, spreadsheet, GIS andiriety of industry standard
maping formats for GUIs
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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 thdicrosoft Windowsdefault,
Notepad However,the above liste@ditors are recommended
Theyallow for advanced options, such as colour highlighting
TUFLOW control files and launching TUFLOWmulations
from the editoii see downloads aiis TUFLOW page

Spreadsheet
Software

Microsoft Excel/l TUFLOW Wiki Excel Tips

Libre Office

GIS Platforms

ArcGIS with Spatial Analyst
TUFLOW Wiki ArcGIS Tips

Maplnfo Professionawith Vertical Mapperor equivalent
TUFLOW Wiki Maplnfo Tips

QGISwith TuPlot(time-series and profile plotting) and
Crayfish(flood mapping ad animation)plugins.

TUFLOW Wiki QGIS Tips
TUFLOW Wiki Crayfish Guidance

GUI Platforms
(Addition al to or
as an alternative
to using GIS)

12D Model/ TUFLOW Wiki 12D Model Tips

Blue Kenue

Ensight

FEWS

Flood Mockller

SMS/TUFLOW Wiki SMS Tips

WaterRIDE

XP2D
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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 availablé a complete Graphical User Interface (GUI) that allows the
user to create, manage and view modetsraodel output within the one interfasaequired and/or to
view and animate resultd=or general information and links viSIUFLOW Graphical User Interfaces

T
1

SMS TUFLOW Interfacdavailable as of SMS Version 9.2 or later)

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

Drainage2D moduleavailablein 12D Model.

FloodModellerPro(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 usddribOW models
The 1D solution of Flood Modeller Pro has been dynamically linked to TUFLOW 2D

WaterRIDEfor viewing, postprocessing 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
downl oaded files into a-ffaslhd ern.e d 0Wh itlhs bsodéedépips onaacyh
to have as many releases or versions of TUFLOW available as requiregkeas dftena need to run

or rerun legacy models using older TUFLOW versiomsll TUFLOW versions, manuals and release

notes officially released are available from gieDownloads 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 assatete archived with the model. t 6 s
also possible to force a model to only run on a particular release or build of TUFLOWIdseé
TUFLOW Releas®r Model TUFLOW Build.

Sectionl11.4.1provides more information on downloading and installing TUFLOW.

2.3.2 USB Locks (Dongles) and Licencing

A TUFLOW licence(eg. USB lockor donglg is required to run TUFLOW, but is not required when
using third party software such as a GIS, text editorGtI (for further nformation refer to
Sectionll.5.1and/or to thenstallationinstructionson the TUFLOW Wiki) TUFLOW can be used
licence free for the TUFLOW Tutorial Models and in Free or Demo Mdau€&ree or Demo Mode there
are limitations on the maximum number of 2D cells, 1D elements and simulation time.

For tird-party USB locksthathave TUFLOW licenceplease refertothevdnor 6 s document at
configuringthelicence

2.3.3 Performing Simulations

TUFLOW simulations are started bynning the TUFLOW executable and passing the input TUFLOW
control file. There are a number of waysioitiating simulations

1 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

1 Directly from the text editori ideal for one off simulations especially whilst constructing a
model

91 Directly from a GIS.
1 Using Microsoft Exploreto right click and run
1 Viaa GUI such as the SMS TUFLOW Interface.

9 From a Command (Console) Window.

Detailed descriptianion running TUFLOW fronthe above methods apeovided in thesenstructions
on the TUFLOW Wiki
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2.4 Licence Free Simulations

2.4.1 Tutorial Models

Tutorial modes$ are available for download frormww.tuflow.com The purpose of the tutorial is to

provide guidance on a humber of the most commonly used features in the TUFLOW softivare

tutorial documentatiors providedwithin the TUFLOW Wiki. Documentation has been provided for
developing models withiArcGIS, Maplinfo, QGIS and fothe SMS TUFLOW Interface

There is no need to have a TUFLOW licence to simulate the tutorialm@delanges t o t he m
topography, boundaries and other inputs are allo
features The commangdTutorial Model == ON, must occur within the .tcf file to simulate the model

without needing a licenceAn error will be generated this command is includeith any model other

than the Tutorial model on the web.

The tutaial models are fully supported via th&FLOW support servicegherefore, should you have
any queries pl eas eupdoo@tdfiow.chresi t ate to contact

2.4.2 Demo Models

A series of demonstration models were developed
Flood Managers Association (FMA) Conference in Sacramento, U3#& objective was to establish

the variation in flood extents using differéid software and modellerfAnyone 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:

1 Challenge 1. An urban environment withconcrete led main channeland numerous
structures.

1 Challenge 2: A coastal floodplain with twiger entranceso the ocean during a flood.

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

The models developed using TUFLOW were creatighin a week and ran for various scenarios for all

three challengesThe results of some 15 simulations were submitted and can be downlogudfd as
documents fromvww.tuflow.com Models 1 and 3 were 1D/2D linked models, with Model 3 including

some scenarios for soil infiltration using the Grédanpt method Challenge Model 2 was also

s mul ated wusing TUFLOW6s GPU sol ver and TUFLOW
interesting benchmark between all three 2D solv&® si t i ve f eedback was r ece
hydraulic accuracy, and on the impressively short turnaround the TUFLOWIsnagre created,

simulated and results processed.

For those wishing to examine or run these models, they will be made available via the
FMA Challengemodelspageon the TUFLOW Wiki. The models can be run without a license by
specifying the comman@®emoModel == ON, within the .tcf file.
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The demo models are fully supported via Thé=LOW support servicetherefore, should you have
any queries pl eas eupdoo@tbfow.coresi t ate to contact

2.4.3 Free Mode

As of the 201803 release, settingemoModel == ON also allows users to setup and simulate models
without a licenseso that users can trial or demo TUFLOW on sraadllemodelswhere:

9 The total numbeof 2D cells does not exceed@,0007i this is the number of cells in the
bounding rectangle.

i The total number of active 2D cells does not exceed 30,000.
1 The total number of 1D channels does not exceed 100.
1 Thereis only onél) 2D domain.
{1  Simulation time on the clock or CPU does not exceed 10 minutes.
Users operating in Free Mode can acGassLOW support servicegnder the same conditions as for a

purchased licence (see the FLOW Licence Agreemejtwith the main provision being that TUFLOW
support is not used as a substitutionfToi=LOW training
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2.5 Tips and Tricks

Usefultips and tricks for a variety of third party software used in the development and visualisation of
TUFLOW models have been collated on theFLOW Wiki. The guidage highlights how ifbuilt
features or usedleveloped functions can be used to enhance and streamline the modelling prbeess
Wiki is updated regularlyPlease email any feedbackstopport@tuflow.com

BMT WBM have also developed the Mapinfo and TUFLOW Productivity Utilities (MiTools) to

improve the efficiency of setting up and reviewing TUFLOW models when using Magih#utilities

enabl e 6dautomationd of many c¢ o nambtherefore pondylihe i ve t a
utilities also allow the efficient creation and visualisation of key TUFLOW model inputs/outputs within

the Maplnfo environmentOther tools provide data checking and quality assurance functionality, thus
helping to minimise maelling errors For further information or to arrange for a free 30 day evaluation

license, please contactitools@tuflow.com

Utilities for ArcMap and QGISare undergoing continuousevelopment with the latest vsions
available for download at the following locatiorscTUFLOW ToolboxandTUFLOW6 s QGI S Tu Pl o

Plugin.
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2.6 Folders and File Types

2.6.1 Suggested Folder Structure

Table2-2 presents the recommended set of-Rltlers to be set up for a modehny folder structure
may beused;however, it is strongly recommended that a system similar to that below be adepted
large modelling jobs with many scenarios and simulatiansiore complex folder structure may be
warranted, but should be based on that below.

Sub-Folder

Table 2-2 Recommended Sub-Folder Structure

Description

Locate folders below on the system network under afder na med Ad UiIFL Otwhe proj ect
eg.J:\Project12343TUFLOW
These folders should be backed up regularly

bc dbase Boundary condition database(s) and tisegies data for 1D and 2D domains.
Model .tgc, .thc and other model data files, excepthier&IS layers which are located in

the modeimi or modelgis folder (see below).

modelmi GIS layers that are inpsito the 2D andD model domainsAlso GIS workspaces

modelgis Modekmi\ - is typically used for Maplinfo formatted GIS files
modelgis\ - is typically used for other GIS formatsg.shapefiles)

runs .tef and .ecf simulation control files.
Runslog AIf or .elf log files and _messages.mif files (lsey Folde)

For large models the folders belowcanbeocat ed on a | ocal HhERL@AWA Tru wee run

project folder

eg.C:\Project123483TUFLOW
Thesefiles are reproducibleand do not need to beas rigorously backed up(model output archiving is however still

recommended at key project milestoes

See also the
results The result files (us®utput Folde).
check GIS and other check files to carry out quality control checks\{Use Check Filek

Note:

1 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 sourcekdtive to the .tgc file (not the .tcf file)
See also Sectiof3for a discussion on absolute and relafileepaths
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1 Whilst TUFLOW readily accepts spaces and special characters (such as ! or #) in filenames
and paths, other software may have issues with theiseherefore recomanded that spaces
and other special charactere not used in the simulation path and filename without prior
testing.

1 Filenames and extensions &g case sensitive in any TUFLOW control files.

2.6.2 File Types

The most common file types and their extensiomsligted inTable2-3. These files argenerally
classifiedinto the followirg categories

i Control Files

1 Data Input Files

1 Data Output Filesand

9 Check Files
Control Files are used for directing inputs to the simulation and settingrpeess. The style of input
is vary simple, free form commands, similar to writing down a series of instructibhis offers the

most flexible and efficient system for experienced modellkris also easy for inexperienced users to
learn.

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

Data Output Files contain the2D and 1Dhydraulic results of the simulation the following formats:

1 Mesh and results files for viewing the 2D and 1D domains in outputfsrsupported by the
following packages: SMS3)NaterRIDE, BlueKenue and 12D A number of these software
packages also permit animations of the results to be created.

1 .csv(comma delimited) text output of time series data for direct input into spreasisheate
suchasMicrosoft Excel.

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

1 Textfiles that log the simulation.

In addition, several pogirocessing utilities are used for transferring data to GIS and other software (see
Sectionlb).

CheckFilesare 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 sourtle check files represent

the finalmodeldaisetwhich is used for theimulation calculationsThe check files take the following

forms:
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1 GIS formats (.mif/.mid or .shp) for viewingn echo of the model input data and also
geographically locatingny errors, warnings and checks;

1 Text files for checking parameter and tabutguts.

See als@UFLOW check files on the TUFLOW wiki.

Table 2-3 List of Most Commonly Used File Types

File Extension Description Format

Control Files (Chapter )

TUFLOW Simulation .tef Controls the data input and output for 2D or 2D/1D Text
Control File simuations. The filename (without extension) is used
for naming all 2D domain filesMandatoryfor all
simulations
TUFLOW Boundary .tbc 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 domaifhke Text
Contol File filename (without extension) is used for naming all 10

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

TUFLOW Operating .toc Contains operating rules that da@ applied to hydraulic|  Text
Controls File structures, pumps and other controllable devices
modelled as 1D element&ach set of operating rules is
contained within a Control definitiorMore than one
structure/device can use the same control definition

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

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

Data Input (Chapters to )

ArcGIS Shapéile .shp ArcGl S6s i ndust r y. Ehe.ahpflea| Binary
Layers .dbf contains information on the GIS objects coordinates
shx The .dbf file contains the attribute datéormation
o associated with the objectRefer to the .tcf command
GIS Format
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File ‘ Extension ‘ Description Format

Comma Delimited .csv These files are used for boundary condition database| Text
Files boundary condition tables, 1D cressctions, 1D stage

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

Mapinfo MIF/MID .mif Mapl nfods industry stand Text

Files .mid The .mif file contains the attribute data definitions and
the geogaphic data of the object§'he .mid file containg
the attribute data

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

The files are text based and can be scripted by advari

users.

TUFLOW Materials tmf Sets the Manningdés n val Text
File .csv categories ithe 1D and 2D domains.

TUFLOW Soils File soilf Sets the infiltration method and infiltration paretes Text

for different soil types in the 2D domains

Fixed Field Files variety of | New models do not require or support any fixed field Text
extensions | input However, older models (prior to the 2010
release) could utilise these formaiss the commands
are no longer supported the fixed field docatagon
has been removed from this manualee manuals prior
to 2007 downloadable fromww.tuflow.com

Data Output (Chapter )

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

SMS Mesh File .2dm SMS 2D mesh fileontaining the 2D/1D model mesh Text
and elevationslt also contains information on materia
and 2D grid codes.

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

SeeTable9-10andMap Output Data Typefor the
different .dat file outputs.
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File ‘ Extension ‘ Description Format
SMS XMDF File xmdf An alternative to using the .dat files described above | Binary
xmdf files are much faster to accease compressed by
default for the 201603 releaseand can contain all
TUFLOW map output withira singlefile (rather than
onefile per output types for the .dat format
SeeTable9-10, Table9-11 andMap Output Data Types
for the different .xmdf file data sets available.
WaterRDE .wrb WaterRDE triangulated results filewrb) and/or grid
.wrc based output (.wrr)The.wrc is a master file used whet
It there are muiple file outputs
BlueKenue 13s BlueKenue (National Resear€louncil Canada) output
A3v format The .t3s contains scalar data and the .t3v
contains vector data.
ESRI2-5sciraster .asc Gridded data in thevidely used ESRR-5sciformat
grid This canbe read in the majority of GIS platforms
including ArcMap, QGIS and Maplinfo.
Binary Float Grid it 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 thanasc
format.
12D Civil Solutions .tmo Format used by 12D for their TUFLOW interface.
Comma Delimited .CSV These files are used for 2D and 1D tiseries data Text
Files output They are opened and saved using spreadshef
software such as Microsoft Excel.
MIF/MID Files .mif Used for GIS based output including graphing of 1D d  Text
.mid 2D time-series output within GIS.
ArcGIS Shapéile .shp Used for GIS based outpot 1D and 2D timeseries Binary
Layers .dbf output withinGIS. Refer to thetcf commandsIS
.shx Format
.prij
TUFLOW Restart Arf 2D domain computational results at an instant in time| Binary
File restarting simulations.
ESTRY Restart File erf 1D domain computational results at an instantrivetfor Text
restarting simulations.
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File Extension Description Format

Check Files Chapter )

TUFLOW Log File Alf A log file containing information about the 2D/1D datgd 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 dat{  Text

and results Thisfile is useful for checking 1Dniput data
and reviewing flow regimes in 1D channels.

Comma Delimited .csv These files are used for outputting processed 1D and| Text

Files domain timeseries boundaries and other data for
checking They are opened and saved using spreadsl
software sich as Microsoft Excel.

MIF/MID Files .mif A range of 1D and 2D domain check files are producqd  Text
.mid for checking processed input data within a GIS.
ArcGIS Shapéile .shp An alternative format to the MIF/MID files abov&efer | Binary
Layers .dbf to the .tcf comman&IS 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 managemtiresef datasets essential

For detailed modelling investigations, the aenof 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 (aerial photos, etdastre,
being used

Different TUFLOW inpultfiles require different GIS attributes, for example an initial water leait

file only requires a single attributei¢h the attributé initial water level), whereas, a 1D channel has a
number of attributes (emnel type, invertetc). Each of these file types is describedrable2-4. It

is strongly recommendedhat the prefixes describedTrable2-4 be adhered to for all 1D and 2D GIS
layers This gretly enhances the data management efficiency and, importantly, makes it much easier
for another modeller or reviewer to quickly interpret the modéle .tcf commandVrite Empty GIS
Filescan be used to automate ttreation of template files which use the recommended GIS data naming
convention

Data input is structured so that there is no limit on the number of data soQoremands are repeated
indefinitely in the text files to build a model from a varietysufurces For exampl e, a
topography may be built from more than one souréeDTM may be used to define the general
topography, while several 3D elevation lines (breaklines) define the crests of tevexrgls The
sequential approach to readidgtasets offers unlimited flexibility and increased efficiencihis

layered approach also offers gdogiceabilityand quality control.

Refer also to Sectiohl.2and11.3which provide further guidance on model naming conventions and
methods in which the santontrol files may be used to simulate multiple flood events and scenarios,
thereby reducing the potential number of fitesated
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Table 2-4  GIS Input Data Layers and Recommended Prefixes

Refer to

Suggested _
Description .
Section

File Prefix

GIS Data Type

2D Domain GIS Layers

2D Boundaries and
2D/1D Links

2d _bc_

(2d_hx))
(2d_sx)

Mandatory layer(s) defining the locations of 2D
boundaries and 2D/1D dynamic linkgor large
models it may be wise to separate the boundary
conditions from the 1D/2D links, in which catde
2d_Dbc prefix can be substituted wi2d_hx_ and
2d_sx_.

Cell code values may also be defined in this layer,

[}

0 |00
N[N
[
O

2D Cell Codes

2d_code_

Optional GIS layers containing objects, typically
polygons thatlefine the cell codes.

2D Flow Congictions

2d_fc_

Optional layers defining the adjustment of 2D cells
modelstructures such dwidges, box culverts, etc
Whilst this is still supported the newer and more
flexible 2d_fcsh_ and 2d_Ifcsh_ are preferred.

Gauge Level Output
Location

2d_glo_

Optional layer defining the location of the gauge fg
output based on water level rather than time intery
SeeRead GIS GLO

2D Grid

2d_grd_

Optional layers used to define the 2D grid or mesh
Now primarily used as a quality control check file
earlier versions was a mandatory inpufontains
information on the 2D cell: reference, code, materi|
and other information.

2D Initial Water Levels

2d_iwl_

Optional layer(s) defining the spatial variation in 21
domain initial water levels at the start of the model
simulation.

2D Grid Location

2d_loc_

GIS layer defiing the origin and orientation of the
2D grid. This layer is optional, however, is the
preferred method fadefining the origin and
orientation o2D domains.

2D Longitudinal Profile
Output Locations

2d_Ip_

Optional layer(s) defining the locations longitudina
profile output from the 2D model domain

©
w
w

2D LandUse (Materials)
Categories

2d_mat_

Layers to define or change the lansk (material)
types on aell-by-cell basis.

2D Plot (TimeSeries)
Output Locations

2d_po_

Optional layer(s) defining the locations and types ¢
time-series output from the 2D domains.

©
w
w
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Suggested o Refer to
GIS Data Type : : Description :
File Prefix Section
Direct Rainfall 2d_rf_ Optional layer(s) defining the polygons of sub 0
catchment areas for applying rainfall directly onto
domainsor rainfall grids
2D Source over Area 2d_sa_ Optional layer(s) defining the polygons of sub 0
2d sa rf | catchment areas for applying a source (flow) or
rainfall directly onto 2D domains.
2D Soil Infiltration 2d_soil_ | Optional layer(s) that define tts®il types on a cell 6.10
by-cell basis.
2D Elevations over an 2d_za_ Optional layer(s) that define areas (polygons) of 6.8.2
area elevations at a constant heigfthis file is typically
created by renaming the 2d_z__empty:file
Elevation Lines 2d_zIn_ Optional 2D or 3D breaklines defining the crest of 0
(Breaklines) ridges ég.levees, embankments) or thalweg of 6.8.5
(Ridges and Gullies) (2d_zIr) gullies g.drains, creeks)Ridges and gulliesannot
(2d_zlg) | occurin the same layer so 2d_zlr_ is often used fa
ridges and 2d_zlg_ for gullies.
These files are typically created by renaming the
2d_z__empty file.
2D Elevatims 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 defiigj 2D and 3D 6.8.4
(Points, Lines, Polygons| o4 ztin shapes for changing the elevatiohsnes can be 6.8.5
specified with a width (thickness), and polygons ar
used as the boundaries for creating TINs
(triangulations).
Variable (over time) 2D| 2d_vzsh_ | Points, lines and polygons defining the final 0
and 3D Shapes geometry of a breach or other variation in model
topography over timeAlso includes points defining
trigger locations.
Flow Constriction 2D 2d_fcsh_ | 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 4
cell, additional energy losses, and other
modifications
Layered Flow 2d_lfecsh_ | Points, lines and polygons that allow the user to 6.12.2.2
Constriction 2D and 3D modify the 2D cell sidedlow width, percentage
Shapes blockage, and additional energy losses, for up to
threeverticallayers Designed for modelling 2D
flow under and over bridges, pipes and other
obstructions across the waterway.
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Suggested o Refer to
GIS Data Type : : Description :
File Prefix Section

1D Domain GIS Layers
1D Boundaries 1d bc_ Layer(s) defining the locations of 1D doima 0
boundaries

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

(&)
~
N

1D Bridge Losses 1d_bg_ Optional layer(s) that provide links to tabular data
1d Ic loss versus heiditoefficients at a structureThe BG
o stands foBridge Geometryand thealternativeL.C
for LossCoefficients.

For medium to large models, create a folder calleg
060BGO6 under the O6Model &
tablesin this folder along with all of # linked .csv
files.

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

1D Initial Water Levels 1d_iwl_ Optional layer(s) defining the spatial variation in 07.6.1.1
initial water levels at 1D nodes at the start of the
model simulation.

1D Marholes 1d_mh_ | Optional layer(s) defining the location and 5.125
paranetrs of manholes.

1D Nodal Storage 1d _na_ Optional layer(s) that provide links to tabular data{ 5.11.3
storage surface area versus height aesod

For medium to large models, create a folder calleg
ONAO under the 6Model b
tablesin this folder along with all of the linked .csv
files.

a1
N

1D Domain Network 1d_nwk_ | Layer(s) that dfine the 1D or quas2D domain
1d nwke | network offlow paths(channels), storage areas
(nodes) and pit inlets (pits).

‘."
A |.
=Y

(o]
(631
N

1D Water Level Lines 1d wil_ Lines of horizontal water level (as judged by the
for Mapping of 1D modeller) These lines are used to generate 3D
resuts into 2D formats surfaces or water level, velocity and other output g
1D domains This allows the combined viewing ang
animation of 2D and 1D doains together.

©
ol
w

1D WLL Points 1d_wllp_ [ Points that define the elevations (usually from a
DTM) and material values across the WLLEhis
offers high quality viewing and mapping of the 1D
domains.
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Suggested o Refer to
GIS Data Type : : Description :
File Prefix Section
1D Tabular Input 1d xs_ Optional layer(s) that provide links to tabular data 5.10
1d tab crosssectionalX-Z (chainageelevation)valuesor

H-W (heightwidth) values.
For medium to large models, create a folder calleq
0XS6 under the O6Model 6
tablesin this fdder along with all of the linked .csv
files.
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3.1 Introduction

This chapter of the Manualiscusses key considerations that should be addressed during the design
phase of a hydraulic modelling study, prior to the commencement of model Guaildideration of how

the model is to be schematised and selection of lkalehparameters may have a significant influence

on theaccuracystability and simulation time of the model, and may avoid redundant work later on in
the study

AL TUFLOW
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3.2 Model Schematisation

Generalguidance ormodel schematisation argkst practice procedures freely available These
typically include discussion on data requirementedel conceptualisation, calibrating / sensitivity
testing models, etcTwo such guidance documents are:

1 Two Dimensional Modelling in Urbaand Rural Floodplains Stage 1 & 2 Ref@abister, M
and Barton, C., 2012);

9 Fluvial Design Guid€Environment Ayency 2010

AL 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 behatibar

large enough to minimise run times to meet project deadliAgshe start of a project, the modeller
shoulddetermine 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 rflaj@rpathsis recommended

Figure3-1 belowv shows the ditrent flow patterns through an urban area arising ftwaruse othree
differentcell sizes The larger 20m resolution is shown to be too coarskepictthe blockage caused
by the buildings The 10m resolution provides a better representation diuliéings howeveis not
able toresolvethe flow pathsbetween the buildingsThe 5m resolution in this example provides the
bestestimation of the flood behaviaur

Figure 3-1 Impact of Cell Size on Model Results
(Tidal Thames Embayments Inundation Study, UKHEAcrow, TUFLOW 2004)

TUFLOW USER Manual i Build 2016-03-AA A-I-LJF‘_OW


http://www.tuflow.com

Model Design 3-5

Minor flow pathsmay be more coarsely or not represented if they play no significant role hydraulically
in regard to meeting the modelling objectivasor exampleminor drainsacrossa 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 majtbow pathwith a sufficient cell resaition (seeFigure3-2) theflow
pathcan be modelled as a 1D branch cut through the 2D ddnedé@n to Sectior8.2). This may allow
a larger cell size to be used, and a greater area modelled in 2D, or a faster simulatibartemample,
the riveror creekmay be modelleth 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 isrpairily dependent on the network representattiiat isadopted
Increasd networkdetail will typically result in increased accuracy, though increased time and effort to
establish the model The end result may require a compromise between the levataif dnd the
manualeffort required tocreatethe 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 netwoikollowing this stepthe flow paths are linked @tinctions, 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 resm@ characteristics.

For compatibility with the mathematical assumptions, the channels would ideally have more or less
uniform crosssections with constant bottom slope and a minimum of longitudinal curvédmypeactice

this requirement cannot always ioet, particularly where a fine resolution of detail is not required in a

portion ofthestudyarea n t hi s case, a fl ow path i Bxperiemggr esent
has indicated that in most cases an adequate calibration can be ablyieleling a single channel

equivalent to a number of series or 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 importamtthe success of a moddrhe run time is directly
proportional to the number of timesteps required to calculate model behaviourdiontiegionperiod,

while the computations may become unstable and meaningless if the timestep is greater thag a limit
value This is known as the Courant stability criterion.

3.4.1 2D Domains (Courant Number)

For the 2D scheme, the Courant Number generally needs to be less than 10 and is typically around 5 for
most reatworld applications (Symel991) The computation timstep in the .tcf file (se€imestep)
should be set in accordance with this criterion as given in the eqbation

Dt \/2gH

Cr_ DX

2-D Square Grid (1)

Where

Dt = timesteps

Dx= lengthof modelelementm
g= acceleratondueto gravity,ms:
H = depthof waterm

As ageneralrule, the timestegin seconds)s typically in the range of . to P, of the cell size(in

metres) For a 10m model thertiestep will typical be in the rangei %5 seconds For steep models

with high Froude numbers and supercritical flow, smaller timesteps may be regltifedstrongly

advised to not simply reduce the timestep if the model is unstablbut rather to estéibh why it is
unstable and, in most instances, correct or adjust the model topography, initial conditions or boundary
conditions tocorrectthe instability Refer toSection14.3.2

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

The occurrence of high mass errors is also an inditabihe timestep i®o high.

3.4.2 1D Domains (Courant Number)

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

_DtygH
T Dx

C 1-D Scheme %)
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Thetimestepselected should not be greater than the minimum value for angadi{arcept notinertial
channels such as bridges, culveets,). Accuracy of the results is also influencedtlestep The

limiting value adopted is usually a compromise between accuracy, stability and simulation time, and
sensitivity checks are remmended 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 pip&g¢here a few charels must be much shorter than

the rest, it may be economical to specify them asineriial channelsThe timestep can then be chosen

on the requirements of the shortest remaining char@esle should be exercised when specifying-non
inertial channelso ensure that errors are not introduced by theinerial representation, particularly

if these channels are in a region of particular interAsly approximations can usually be assessed by

a few selected runs without the rimertial approximation ahwith the necessary shortanestep

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 resolutioMghere the same timestep is used in both 1D and 2D domains,
it is highly preferable that the 1D domains do not control the timestetypaslly 99% of the
computational effort is usually in solving the 2D domains.

Specifying a 1D timestep in a linked 1D/2D model is optioifad separate 1D timestep is not spiedf

using theTimestepcommand the smallest 2D timestep is usedf the 1D timestep is not equally
divisible into the smallest 2D timegtethe 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 girthaationlog file).

3.4.4 Adaptive Timestep

Adaptivetimesteing using the .tcf commaridaximum Courant Numbehas been introduced as part

of the 201205 release This is anunder-developmentfeature that at present is only availalie 2D

only models Based on further successful testing, it may be extended to 1D/2D m@defeax would
typically be in the range from 2 to 10, but higher values up to 60 or more have been successfully applied
Higher Crmax values can be justified ¢gbnsistent results are achieved using a smaller Cr_max or a
fixed timestep The Timestep command is only used to set the initial timestef
Maximum CourantNumberis specified Note: to avoid the simulation terminating early, specify an
initial timestep that is less than the average adaptive timeshépis required so that sufficient space
can beallocated for storing timseries and other data written out at the end of the simulatién
Cr_max value of O or less switches adaptive timestepping off (which is the deTddtinaximum rate

at which a timestep can increase is controlledibyestep Maximum Increas& here is no limit to how
quickly the timestep can decrease.

Note that adaptivémesteping may slow the simulation down if there are a few locations in the model
thatrequire asignificantly reducehe timestep value below that normally usédiaptivetimesteging
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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 fronatbeiaterest!
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3.5 Simulation Times

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

The area to be modelled

The cell size of the model

The number of cells that are wet
The duration of the simulatipand

The computation engin@hether TUFLOW or TUFLOW GPU is used

= =4 =4 =4 =4

Each of the factors listebelow should be consideredrihg the development

A simple spreadsheet has been created to estimate TUFLOW simulation times based on the cell size,
catchment area and model run tine évent duration) The spreadsheet can be downloaded from the
TUFLOW wiki. This spreadsheet is a guide as it has a number of assumptions including:

1 The timestep;
1 The number of caldations per second the computer can run; and
1 The fraction of wet cells (this will change throughout ¢ivaulation;

However, it is still a useful guideReconsidering the model design is recommeritidte spreadsheet
is estimatingexcessively longuntimes

The speed at which TUFLOW simulations will rurdispendenon the hardware that you are running
the simulation on Newer and higher CPU frequency computers will run faster than older lower CPU
frequency computersA hardware benchmark model &vaiable on the TUFLOW wiki, this page
contains the runtimes for the same model on a range of different computers.

There are a number of other factors that can affect the perfoeroan®tJFLOW simulations such as:
1 How frequently output is written, with more frequent output slowing the simulation;

T Whether the 32 bit or 64 bit version of TUFLOW is usdtle 64bit version will be slightly
faster.

1 Whether the single or double precisivarsion of TUFLOW is used the single precision
version will befaster This is discussed in Sectidi.4.2

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

As outlined inChapterl0, the TUFLOW GPU module may be utilised to speed up the simuldtions
large 2D only models
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3.6 Eddy Viscosity

Two options exist for specifying eddy viscosity for the 2D domains to approximate the effectof fine
scale turbulenceThe Viscosity FormulatiorandViscosity Coefficienttommandsare usedo st the
formulation and coefficient.

The first method Viscosity Formulation == CONSTANT) applies a constant valtlgoughout the
model, irrespective of velocity gradients and variatiorisis is generally satisfactory when the cell size
is much greater than the depth or when other terms are domawiitigh bed resistance) The
recommended coefficient for the ctanst formulation is 1 Afs.

The second (default) methodigcosity Formulation == SMAGORINSKY) applies the Smagasky
formulation as given by the equation belovhis formulation is preferred over the CONSTANT option
as the coefficient is recalculated every timestep at every ceBioédaccording to the change in velocity
magnitude and direction This results inhigher coefficients being applied where there is greater
turbulence.

Note, if the formulation is changed, the user must also reset the coefficienttiisingmmand
Viscosity Coefficient

The defaultSmagorinskyiscosityvalues are coefficient value 08.5 andconstant value dd.05nf/s.

The 0.5 Smagorinsky coefficient is dimensionless (the viscosity coefficien?is using the
Smagorinsky approach is recalculated every timestep using the Smagorinsky formula and varies
spatially and temporally) The viscositycoefficientcan be output using tHhdap Output Data Types
command.

The defaults were previously 0.2 and 0?sn Testing on the UK EA 2D benchmark Testnéodels
showed that the lower constant component produces improved re§dtsnearly all models the
influence of this change is negligible or minor, as the fa@astant component and higher Smagorinsky
coefficient tend to cancel each other.o&urther testing and research into flow patterns around fine
scale objects is planned.

Smagorinsky Formulation used by TUFLOW:

° ~2 o ~2 o
m=C, +CSA\/%58 +?%g +Ea W|+|W|§
CIX+ C 2 =

Where:

0 we W Depth averaged velocity components in the X and Y directions
ww ¢ @ Distance inthe X and Y direction

*  Horizontal diffusion of momentum (viscosity) coefficient

0 Areaof Cell

1 http://www.tuflow.com/Download/Publicatiof#012.06%20UK%20EA%202D%20Benchmarking%20Results. TUFLOW%20Products.pdf
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0  Constant Coeftiient (default = 0.5)
0  Smagorinski Coeftient (default = 0.05)

The Smagorinsky approach featuaesenhanced treatment of the viscosity term at dry boundafies
approach will produce the velocity contouring as shown in the bottom imdggwe 3-3. The top
image shows slight flow separation along an oblique dry bourttatyoccurswithout the enhanced
treatment With the enhanced treatment (bottom image¥@paration occurs, and the velocity increases
gradually from left to right as the wex depth gradually shallows (the model has a horizontal Gdw
correct water surface slope is produced when compared with theory.

The Smagorinsky formula is calentred This approach guarantees that symmetry is achieved in
hydraulic results (whensing a symmetrical model) if using the Smagorinsky formula.

Wﬂ”

P P S P P PR P P P TV P E T T PP P IroTe s o
Flow separation along a dry obliqgue boundaihout enhanced treatment of viscosity term

R SR SR S R L AR R L AR AR RIS XNIRNIILE. AR AN AN TR T I IIIIIIIATIIID

___________________

rrrreeresseressresresas i N B s
Correct velocity distribution usingnhanced 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 theManual discusses the TUFLOW model input files, which include the control files
(text based input fil9sand GIS layers (.mif or .shp formatted filegjhe different control fils will be
discussed along with how different objects within the GIS layersrea¢ed by TUFLOW Further
information on the GIS model input layers is discussed in Chaptard6.
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4.2 Control File Rules and Notation

Control files, such as the tcf, .thtgc and .ecffiles, are command or keyword driven text fileEhe
commands are entered free form, based on the rules described Gelmmentsnay be entered at any
line or after a commandlhe commands are listed in the indeXAppendix G

Note: TUFLOW control files are NOT case sensitive.
An example of a command is:
Start Time == 10. I Simulation starts at 10:0 Oam on 2/9/1962

This commandets the simulation start time to 10 houfsh e t ext to the right of
comment and not used by TUFLOW when interpreting the line.

Automatic colour coding of files for easy viewing is available for thiofghg text editors: UltraEdit,
Notepad++ and TextPadnstructionsoutlining how these software can be configucad be founan
the TUFLOW Wiki.

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

The style ofinput is flexible bar a few rulesThe rules are:

A few characters are reserved for special purposes as descritauled-1;

1

1 Command syntax is not case sensitive;

1 Only one command can occur on a single line;
1

A few commands rely on another command being previously speclifese are documented
where appropriate.

Additional text can be placed before and/or after a condmdror example, a line containing the
commandStart Timeto set the start time of a simulation to 10 hours can be written as:

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

The(h) textis not a requirement, but is useful to indicate that the units are Wdtesnatively, Start
Time == 10 'hours wouldalsobe acceptabl e, noting tlhe use of t

Blank lines are ignoe Spaces or indentations can occur at the start of the Tihssis recommended
when using the logic contrahs outlined in Sectiohl.3 The second linén the following examplés
not required to be indented, howe\iers recommended

If Scenario == GPU
GPU Solver == ON
End If

The notation used to document commaandvalid parameter valuga Appendix Gare presented in
Table4-2.
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Table 4-1 Reserved Characters i Text Files

Reserved Character(s) ‘ Description

i#o or AlA A#O or fi'!d causes the rest .wdefult

for Acoimme wt iumgrant ed commedallihg , an
documentation.
== A A==0 following a command indica

command Where there is more than one parameter, the parameter values
read as fredield formatted,e. are space or comma delimited

The 201603 rdease applies stricter rules when processing command line s
within the control files (.tcf, .tgc, .ecf etc.). The new rules issue an ERROR
"=="is not present in the command line syntax. For example: "If Scenaric
Exg" will produce an errofThe correct syntax is "If Scenario == Exg". Use
Command Line Processirtg switch this new rule off.

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

Documentation Notation Description

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

<file> A filename (can include an absolute or relative path,WNE& path). See
Section4.3for a more detailed description.

[{Op1} | Op2] The squar[e trhjadc&iet sodnd parameter
Thdofisymbol separates the options
Thdofahod bir acket s i ndi .cThisaptionisappliedaf f
the command is natsed.

For example, the options for théaximums and Minimumsommand are:
[ON| {ON MAXIMUMS ONLY | OFF]

Wherethe default iON MAXIMUMS ONLYwhich stores the maximums, but n
the minimums).

spaces Spacegan occur in commands and parameter optiding 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 nanesvever, third party software mapt
allow this andas suchs not recormended If using spaces in filenames, batcl
files will require that the filename is enclosed in quotes.
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4.3 Absolute and Relative File Paths

TUFLOW control files referencadditional files, for gample GIS files The three methods that can be
used are absatefile path relativefile pathand UNCfile pathreferencing A model can use any or all
of these methodsHowever, relativdile pathsare typically preferred Take an example of reading a
GIS layer containing initial water levels, the command iadR8IS IWL == <filepath> The following
are all valid:

Absolutefile path Read GISIWL == L:\ Job\ Job1234 \ TUFLOWmodel \ gis \ 2d_IWL_001_R.shp

Relativefile path Read GISIWL == .. \ model\ gis \ 2d_IWL_001_R.shp
UNC file path Read GIS IWL == \\serverlJob123\TUFLOW\modelgis\2d_IWL_001_R.shp

For the relativdile path the path is relative to the file thatrisferringto it. In the case above, if the
command occurred in the .tcf file which is located in the TUFL\MMA folder. The .\ indicates to go
up one level (from TUFLOWunS to TUFLOW) the modél navigates into the TUFLOWhodelk
folder, gid navigates from TUFLOWnodel into TUFLOW\modelgis\). To go up more than one level
simply use \.multiple times €g...\..\ would navigate up two folders)if the file sits under the same
folder then the filename can be specifiéd the belonexamplethe Model_Events.tef would need to sit
in the same location as the .tcf.

Event File == Model_Events.tef
The pathsare relative to the current control file, aommand in the geometry control file

(TUFLOWAmModel) would be relative tthe .tgclocation not the .tcf location.

Using relativefile pathshas the advantage that the model can be moved or provided to another user and
the control files do not need to bpdated, if the modeises ambsolute or UNGile path all references
will need to be updated if the model is moved

Some large files, may still use an absolute or UiNpathparticularly where large datasets are shared
across modelsThis avoids theneed to copy the dataset into multiple proje&a example is:

Read GISIWL == \\serverl \share \Lidar \ East Coast_5m.flt

If using LINUX at any point during the modelling tasks or pre/post [msiog, it is recommended to set
Use Forward Slds== ON
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4.4 Units 1 Metric or US Customary/English)

The defaulunit settings for all inputéh a TUFLOW modebre metri¢c howeverit is possible to create
models using 8 Customaryunits (also known as Imperial or English unitsy specifying the .tcf
commandJnits == US Customaryl{nits == Imperial orUnits == English are also acceptark treated
identically). Theequivalentinput and output units afisted inTable4-3.

This manual uses the metric term for documentation purposes. If your model uses US Customary
Units the metric term must besubstituted for the equivalent US Customary unit as peiTable4-3
when reading this manual unless otherwise stated

Table 4-3 Model Units

Parameter Metric Units US Customary Units
Length m ft
Rainfall, initial loss andcontinuingloss mm/hr Inches/hr
Catchment eea km? miles
Constaneddy viscosity value m?/s fts/s
Hazard categories (Z0 and ZUKO) m and s ftand s

If the Units == US Customary is specified, then any user defined values must also be spetifed in
Customary units Model unitscan be cheked by searching for the relevant parameter in the .tIf file
(refer to Sectiori2.6).
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4.5 TUFLOW Control File (.tcf file)

The TUFLOW Control File (.tcf) file sets simulation pamaetes 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
Acf file. Each TUFLOW simulation must have a .tcf fildn example of a simple .tcf file is shown
further below.

The . .tcf file must referencthe following itemsas a minimunrequirement

1 One .tgc file usingGeanetry Control Filfor each 2D domain;

1 One .tbc file usingBC Control Filefor each 2D domain;

1 One.ecffile, usingESTRY Control Filgf there are any 1D domains
(this file isoptionali see below); and

1 Onematerialsfile, usingRead Materials Fil#f material (landuse) polygons are being used
This file can be in either .tmf or .csv format.

Other mandatory or most commonly usedd commands are;BC DatabaseEnd Time Map Output
Data TypesMap Output IntervalMI Projectionor SHP ProjectionMaximums and MinimumsOutput
Folder Start Time Time Series Output Interval Timestep Write Check Files and
Write Empty GIS Files.

The Read Filecommand is extremely useful for placing commands that remain unchanged or are
common for a group of simulations in another fig.¢the M| Projectionor SHP Projetion command

will be the same for all runs within the same study ar&hjs reduces the size/clutter of .tcf files and
allows easy global changes to a group of simulations to be made.

Other commonly used or useftdf commands areBC Event NameBC Event TextEvent File Read
File, Cell Wet/Dry Depth Instability Water Level Read GIS FECReadGISIWL; Read GIS PO
Screen/Log Display IntervalSet IWL; Start Map Outpuyt StartTime SeriesOutput Viscosity
Coefficient Viscosity FormulationWrite PO Online

Appendix Alists and describes .tcf commands and their parameters.

# This is an example of a simple .tcf file
I Comments are shown after a "!" or "#" character.

I 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 I'linked ESTRY model control file

Geometry Control File == .. \ model\ topography.tgc I topography control f ile
Read Materials File == .. \'model\ n_values.tmf I.tmf is for Tuflow Materials File

Start Time (h)y == 0.

End Time (h) == 12.

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

Note that it is possible to incorporate 1D (.ecf) cands into the .tcf file 1D (.ecf) commands can be

included in the .tcf file betweeBtart 1D Domainand End 1D Domainblock(s) This format is
demonstrated in Module 2 of the TUFLOWN\Mtorials which are available via the TUFLOW Wikiror

the new .tefflel D (. ecf ) commands .mecrote thaESTRIY EdntioxFédd by f 1
recognised every time if specified more than once (imipus releases only the last occurrence would

apply).

451 _TUFLOW_OVERRIDE Files

These optionabverride files allow the user to apply .tcf commands after TUFLOW has finished
processing theommands which are referenced within ftog file. This can be usefuwhereyouwish

to change parametefor all simulationghat arestarted frona commorfolder. For example you could
turn df check files, or change the output drive

Two override file types are possible, one which is computer specific and oneisvpidtessed by all
computers If either or both are presetiteyareinitialisedafter the .tcf filehasfinishedprocessing its
commands

The first file that TUFLOW checks fasn a me d @A _ T UF L OW_ IQhisefile existdwathint ¢ f 0
the same foldr as the simulation .tcf file .tcf commandsthat are listed within the
A_TUFL OW_ Ovoe rfovelvdet thé acohmands in thief file.

The second file TUFLOW | ooks for must be, named
where <computer_name> the name of the computer running teieulation If this file exists

TUFLOW will process any commands within it after any commands from the
A_TUFLOW_Override. tfyod aveuhsuré af yogr computert nanee xthidsgiagey

in computerproperties 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 abovéhe computer gmific override file would be named
fi TUFLOW_Override COMP1234.tdj .

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 compithiersvill allow you
to run TUFLOW simulationsn different computers without having to change the .tcf file

For example, if a run is started on one machine that only has a C drive, outguéctadto the C drive
just for that computer bysingthe commandutpu Drive == C.

Another example is if using the GPU solver and one machine only has a single GPU, while another has
four GPUs The commandsPU Device IDs== 0, 1, 2, 3 can be specified in the override file specific

to the machine witour GPUs
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Nearly all .tcf commands can be placed within the override files with the exception of Read GIS and
some other similar commands that involve processing of data.ldlyisreecommended that the override
files are only used faglobal changes to settingsmilar to the examples above

AL TUFLOW
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4.6 1D Commands

Commandsspecific to TUFLOW (ESTRY) 1D domairme detailed inLD Commandsand can be
placedeitherin the .tcf file (or in aRead Filg, or in their own file traditionally called an .ecf fild.D
commands can bedated

1 Within an .ecf file and referenced within the .tcf file using the comnazgidRY Control File
The commandESTRY Control File Autacan be used to force the .ecf file to have shme
name as the .tcf file.

1 Placedwithin a 1D domain block in thedcf using Start 1D Domairand End 1D Domain
commands

T Pl aced anywhere in the .t cf lxMahheleCefaul Typer ec e d e
fil1DO0 must be the first t wo characters.

1 Any combination of the above, hewer, it is strongly recommended in the interests of
manageability that a logical approach be adopted (that is in agreement witloeaguey.

The .ecf file method is typically used if the 1D domain is large and complex, wherea®tbemain
blockorp r e ¢ e d i magbe fistdwbere the 1D/2D linked magegjuires only a few 1D commands
or they are placed in another file and referenced usiragl File

The 1D commandsset simulation paraetes and directs input from o#r data sources for all 1D
domains An example okome 1D commands asbown below

Appendix Blists and describethe 1D commands and their parameter€ommands that are only
relevant for ID only modelsar i ndi cated with a fAl1lD Q@ppendidB under ne

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, islstequired.

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

Timestep (s) == 3

Read GIS Network == .. \ model \ mi\ 1d_nwk_ pipes .mif ! Read in the pipe network
Read GIS Manholes == .. \ model\ mi\ 1d_mh _manholes .mif ! Read in the manholes

I Read in the boundary condition locations and values

Read GISBC == .. \ model\ mi\ 1d_bc_example.mif I Boundary condition locations
Start Output (h)y == 0.0
Qutput Interval (h)y == 05
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4.7 Geometry Control File (.tgc file)

2D domains ardefinedthrough a series of camands contained iINUFLOW GeometryControl (.tgo

files. The .tgc file contains, or accesses from other files, information on the size and orientation of the
grid, grid cell codegwhether cells are active or inactjybed/ground elevations, bed matetigle or

flow resistance value, and optional data suckoilsype and 2D structure information.

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

Only one .tgc file per 2D domain is specified in the .tcf file usingeometry 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 inbrmation with new data to modify the model in selected aréhis 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 Command can be repeated any number of times.

2 Commands are executed in the orderytoccur If the data for a 2D cell or Zpt is supplied more
than once, the last dataat isread is use(ie. the latter data for a cell overrides any previous data
for that cel).

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

4  The .mid file accessed byRead GlSor Read RowCotommand does not have to contaatadfor
the entire modellf you wish to modify just a few cell values or Zpts, the file only needs to contain
these cells/Zpts.

5 UseWrite Check Filecommands to crossheck and carry out quality control checks ba tinal
2D grid and Zpts.

Appendix Clists and describeggc commands and their parametefs 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 I Domain origin and orientation
Cell Size == 10. !Setcellsize to 10m

# Setup the domain code
SetCode == 0 ! Seteverywhere inactive

Read GIS Code BC == .. \' model\ gis \ 2d_bc_my_model.mif I Sets active area using region

# Setup the base topography

SetZpts == 100. ! Setelevations everywhere to 10 Om

Read Grid Zpts == grid \ DEM_1m_All. flt I Sample elevations from DEM

Read GIS Z Lines == .. \'model\ gis \ 2d_zIr_levees.mif ! Apply 3D lines along levees
Read GIS Zpts == .. \' model\ gis \ 2d_zpt_fill. mif I Proposed filling of floodplain

# Setup the materials
SetMat == I 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 .thc file ofTUFLOW Boundary Conditions Control File (TBC) contains information regaritiag
locationand type of boundaries within the mod@lhese includ€but arenot limited to) upstream and
downstream boundaries as well as 1D/2D or 2D/2D liiikee GIS layers read into the .tbc file reference
the Boundary Condition (BC) Databasee ®ction7.5). The BC Database associates the GIS layers
with a boundary condition such as a hydrograph or a e#iptiharge curve

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

A .tbc file must be specified, if no external boundaries are to be applied a blank file may be
specified This is rarely dongbut can be used for models based onlyndial water leves. Appendix
Clists and describethc commands and their parameters.
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4.9 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 availatle .mif format is in

text (ASCII) form, making it particularly easy to work witiMost mainstream CAD/GIS platforms
recognise these formats.

The format of input layesis solely controlled by the file extenside.(mif for the MIF format and .shp
for the SHP format) TUFLOW requires thatlaGIS layers imported or exported by TUFLOW must be
in thesame geographic projection The model projection is initialised using thie Projectionandor
SHP Projectiorcommands If a model has a mixture of .mif and .shp files as input, then kibth
ProjectionandSHP Projectiorshould be specified

The default outputormat for GIS check layers and GIS outputs is the .mif format produce check
and output GIS layers as .shp fjlepecifyGIs Format == SHP in the .tcf file.

491 An Gl SO0 or AnMI 0 Commands

Commands containing AGI SO0 or GIisad M are ét@rdhargealled or  wr
(the GIS syntax was introduced for the 21release with the introduction of .shp fitgsl is now the
preferred syntax For exampleRead GIS ZptandReadM| Zptsare identical

GIS or Ml 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 f or mat of the GIS | ayer i s base
or .shp).

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

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

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

The geographic location of objects f8fS or MI commandss important (unlike for RowCol or MID
commands as discussed belowlhe geographic position of the object controls which part of the
TUFLOW model theyaffect By default TUFLOW, checks that projection of each .mif file matches
thatspecifiedby theM| Projectioncommand and the projection of each shapefile matchespbeified

by the SHP Projectiorcommand A Mapinfo GIS layer must have a projection specifiethjlst a
Shapefile layer does not need to have a projection defiRedardless 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/.ifilename, the
extension may be omitted, or either of the .mif or .mid extensions may hekwmeekample, all of the
lines below would be interpreted in the same way:

Read MI Code == .. \ model \ mi\ 2d_code_buildings.mif
Read Ml Code == .. \ model\ mi\ 2d_code_ buildings.mid
Read MI Code == .. \ model\ mi\ 2d_code_buildings
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Table4-4 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.

492 ARowCol 0 or nMI Do Commands

Commands cont ai ni n deg.ReRaodRo@Col Zo)sonly read thH aDribute data file
(ie..mid or .dbf file) Thespatial data.(if or .shp file is not used These commands rely on the first
two columns of the attribute data to define the row anolumn of a 2D cell referencé(n,m or
row,column) Attribute data in subsequent columns depends on the type of GISItagerot necessary
for the user to create these layers manually, as TUFLOW prothamasor they can be easily created
fromthe 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 forntlagir use is only
recommended faadvancedusers

Creating/ moving an object wusing GI'S in a | ayer
should never occur and has misleading effects.

The RowCol or MID option is normally only used for Zpts (5e=d RowCoFpts) and sometimes for
materials

The filename must specify the .mid or .dbf extensiasv files may also be usedFor example, the
following lines are effectively the same.

Read RowCol Zpts == .. \'model\ gis \ 2d_zpt DTM.mid
Read RowCol Zpts == .. \malel \ gis \ 2d_zpt_DTM.dbf
Read RowCol Zpts == .. \'model\ gis \ 2d_zpt DTM.csv

4.9.3 GIS Obiject Interpretation

Table4-4 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 #1 the point falls within or a 1D nodé®oints
shapped 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,
alignmentof a 3D breakline and other applications

Note, the algorithm for selecting the 2D cells has varied with differe
TUFLOW builds SeeLine 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:

1 Modifies any 2D cell or cell migide/corner€g.Zpt) that falls
within the region If the command is modifying a whole 2D cell, i
uses the cell ds centre to de
outside ofheregion| f t he c e |-didé & comerties r
exactly on the region perimeter, uncertain outcomes may .occur
Holes within a region are accepted except for polygon objects ir|
shape layers used for TIN boundaries.

T Or, just us e mid tEkamples argthecongiha flow
constriction layers (2d_fc) and tinseries output locations (2d_po
For 1D

1D nodes within the regioare selectedlIf the 1D node falls exactly on
the region perimeter uncertain outcomes may occur.

Multiple (Comkned) Obijects In later versions of TUFLOW, multiple point, polyline and region
objects are generally accepted (ERROR or WARNING messages a
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 o

attribute data is added that is not associated with an oltjetapinfo,
this occurs when a line of dataadded directly to a Browser Window
(ie. 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 adaaafople with thé&kead
GIS Z Shapeommand TUFLOW supports point, end and vertex snappitigloes not support edge
snapping.
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4.10 XF Files

XF Files areabinaryechoof selected input files automatically created by TURL@ vastly speed up
themodelinitiali sationprocess next time a simulation is carried dfithe original input dathasalater
save date later than its corresponding XF file aiginal data is read and the XF fileceeated If the
XF file is newer, itis used in preference to the original data.

XF files are al ways writt edneretthmoriginal tlatalresideslf thea me d A
Axfo folder or a XF file is deleted, thdwoXF fil e
extensions are used: .xf4 and xf&f4 refers to iSP (single precision) runs and .xf8 to iDP (double
precision) runs It is not possible to mix theqée. to readan .xf4 single precisiorfile into a double

precision modél

To globally switch X files off useXF Files== OFF They can also be switched off for individual
i nputs using AXF OFFO i mMReadiE& Zemmppmand (for exampl

For commands that generate XF fileg. Read RowCol Zpds it is possible to refer directly to the .xf
file instead of referring to the GIS laydor example:

Read RowCol Zpts == .. \'model\ gis \ 2d_zpt_DTM.dbf.xf4

If different models utilise the same DEM(#)e DEM.xf file is reprocessed each time a different model
is run This can slow the model initialisationTo prevent thisthe .tcf commandxXFE Files Include in
Filenameadds uniquetext to the end of thf filenamesfor each model

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

Il n Model 16s .tcf file:
XF Files Include in Filename == M1
Il n Model 26s .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 to the ~slvalueto theend d any .xf filenameqrefer to Sectioril.3.30n the

aubmatic setting of scenarios and events as variablds)s, 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 refers to lines in a téke that are formatted to strict rules regarding which columns
values are entered in.tdn earlyversions of ESTRY and TUFLOWpre 1998)text inputusedfixed
field format (reading GlSlayerswas firstintroducedin the late 1990s) Sincethe 2010 veiisn of
TUFLOW these fixed field formats are no longer support8tiould you requir@nolder version of
TUFLOW to run these models they can be downloaded fronptheous releases dem on the
TUFLOW website. As these fixedfield formats are no longer supported, file formats are not
documented in this version of the manu#revious versions of the TUFLOW manual provide full
documentation on fixed field input and can be doadbd fromwww.tuflow.comor 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, whiefined by the
simulation time commandstart Time End Timeand Timestepin the .tcf file

The starting time and finishing times specify the period irrdiéor which calculations are mad&he
timestep is the calculation interval in seconds, which is dependent on various conditions as described in
Section3.4. For 2D/1D models, different timesteps may be used for both 2D and 1D schemes

The outputperiodis controlled by the times set usifgart Map Outpuand Start Time Series Output
for the 2D domains, an@tart Outpufor the 1D domain All outputs are limited to the period between
these times and the end tim&he output interval is defined byap Output IntervaandTime Series
for the 2D domains, andutput Intervafor the 1D domain

The maximum and minimum hydraulic valuzzmn be determined using thiximums and Minimums
command fo2D domaingmaximums and minimums are always outfoutlD domaink Maximum
and minimum values are obtained by tracking the model results evergalculation timestep, not
the output interval.
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5.1 Introduction

This chapter of the Manual discusses features specifically related to 1D model dogiaidemain
features are dissged separately in Chap@eand 1D/2D linking is discussed in Chapger

AL TUFLOW
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5.2 Schematisation

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

1 Channels represent the conveyance ofltve paths(see Sectioh.4). The channels are flow
and velocity computation points in the 1D model.

1 Nodes represent the junctions of channels and the storage capacity of the risbgork
Section5.11). These are water level computation pointshie 1D model; and

Both channels and nodes are created using one orIdorevkGIS 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 connectedtotwongdesone at t he channel 6s upstream
end The digitising of nodes ioptional. In most modelshese are automatically created.

Multiple 1d_nwk GIS layersan be specified Subsequent 1d_nwk layers are used to modify the
netwok 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 culvgge Read GIS Networltwice to first read in the base
1d_nwk layer, then the 1d_nwk layer with the single channel representing gnedeg culvert
Provided the channel has the same ID and is snapped to the same nodes, it will override the original
culvert channelUsing this approach minimises data duplication and, if executed logically and in a well
documented manner, is a veryegffive approach to modelling.

The attributes requireth the 1d_nwk layedepend on the channel or noggpe Table 5-1 and
Table 5-15 present the available channel and node typ@sction5.4 presentdinks to all tablesof
attributes within the 1d_nwk layer for all channel and node types

If using more than 100,000 channels Begimum 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 inartierms The 1D solution uses an explicit finite
difference, secondrder, RungeKutta solution technique (Morrison and Smith, 1978) for the 1D SWE

of continuity and momentum as given by the equations beltve 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).

WUA), g2 _
X pt (1D Continuity)

E+uw+ g£+ klulu=0 (1D Momentum)
Mt HX HX
Where:
u= depthand width averagedvelocity
z = waterlevel
t=time
x= distance
A= crosssectionalarea
B= widthof flow
2
k = energylosscoefficient = % + e
R 2gDx
n= Manningsn
f, = Form(Energy) Losscoefficient
R= Hydraulic Radius
g = acceleratondueto 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 ondd)e this ta
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 andoiwdeslet us

know.)

Open Channsl(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 nwk Attributes

Other Channels (M, P, Q, SG, SP) 1d nwkK Attributes

Nodes 1d _nwK Attributes

Pits1d nwk Attributes

1d nwke (Extended 1d nwk) Attributes

Note The names old nwkattributesmayhave changed from previous TUFLOW releases to reflect
new features and changethe name of the attribute irrelevant as far as TUFLOW is concerned as
TUFLOW only requires that attributes (of any layer) are in the correct order and of the correi. type (
Character, Float, Integegic). 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.

TUFLOW USER Manual i Build 2016-03-AA ATUFLOW


http://www.tuflow.com
mailto:support@tuflow.com?subject=Please%20provide%20one%201d_nwk%20attributes%20table!
mailto:support@tuflow.com?subject=Please%20provide%20one%201d_nwk%20attributes%20table!

1D Domains 5-8

5.5 Channels Overview

1d_nwk channelgan represent open channglsydraulic structures such as bridges, culvpipes
weirs, and operional structures (eg. pumps and gates), and also other flow controls such as a user
defined flow matrix

A channel is digitised as a line or polylindo connect channels the ends of the channels must be
shapped Channel flow direction is positive ithe direction the line/polyline is digitised his isbest
visualised in the GIS using a line style that has arrows or other symbolism indicating the line direction.

A channel is defined by a | ength, &vetddapermetargds n
flow area, hydraulic radiusjersus elevation and other parameters depending on the type of channel
Table5-1 below lists the available channel types as well as additional options that mayeneleg 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 fresectioss located at the
channel endéfor open channels only)The exceptions are:

9 For culverts (C and Rype9 the attribute information supplied within a 1d_nwk layier. (
diameter, width,etc) is sufficient to define the hydraulic propertiesno crosssection
properties table is required.

1 For weirs (W), if no crossection 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 crossection profiles, crossection hydraulic properties and bridge loss coefficients are
aacessed using links within 1d_ssd 1d_bg GIS layer Tablescan also be used to definedal surface
areaqrefer toSection5.11.3. 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 asausnesyv files are often needefeparate
folders underneath the model folder (same level as the mi or GIS folder) are often used to store all of
the .csv files and the GIS layer.

1 1d_xs for XZ crossection profiles in a modek folder

1 1d_bg for bridgdoss coefficient tables in a modtaj folder

TheRead GIS Table Linkeommand is used for linking tabular data to channgte method for linking
crosssectional and bridge lossissas follows:

1 Linesor polylinesarelinkedto channels The method depends @rhetherthe object has two
or more verticesThe logic is:

o For lines with two points (the start and eindo intermediate verticeshe lineonly
needs to cross a chaninéldoes not have to snap to a verts the channel linelf 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

0 Lines with threeor more vertex must have one of the vertices snap to a vertex on the
channel line If both types arespecified thesnapped sectionseagiven preference over
any twopoint line that crosses the channel line.

9 Other objectgregions and pointsgjre not used.

The attributes and the method for determining which data to extract from the sauis®fitlined in
Table5-14for 1d_xs and

Table5-6 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 regim&gmilar to Normal (Blank)
and Gradient (G) channels, except switches into upstream cedirfittion
only mode ie. no inertia terms) for higher Froude numbers (Seride Check
This allows steep flow regimes such as stgréical flow to be represented
See alsd-roude Depth Adjustment

This is the preferred open channetype 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 specifiedrte thefi
sl ope of the channel, or the inve
sections by specifyingd9999 for the inverts.

Structures (Section ) ‘

Bridge B Bridge structuei energy loss coefficients supplied by the user
Section5.7.2.

BB | Bridge structure (introduced for BuiRD1603-AA) i only pier loss and
submerged deck loss coefficients requifaétiother losses automatically
calculated) BB bridges will also recognise bridgefidéion inputsto
automaticallygenerate loss coefficients (currently under development).

C Pipe orCircular culvert

Culverts
] I Irregular shaped culvert.
Section5.7.1
R Box orRectangular culvert.
Gates RG | Reserved foRadial Gate.

Section5.9.2.4 SG | Sluice Gate.
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Channel/Node ‘ Type ‘ Description ‘
Pump P Pump.
Section5.9.2.1
Spillways SP | Gated or ungated spillways.
Section5.7.4
and5.9.2.5
W | Weir structurg(original weir channel)
WB | Broadcrested weir.
WC | Crump weir
WD | Userdefined weir.
Weirs .
. WO | Ogeecrested weir.
Section5.7.3
WR | Rectangular weifsharpcrested)
WT | Trapezoidal Cippoletti weir.
WV | V-notch weir
WW | Similar to the original W wie channel, but with more user options

Normal

Special Channels (Sectior:

(leave
blank)

) |

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

Gradient

Similar to a Normal channel, except when the water level at one end of the
channel falls below the channel bed, thertte invokes a freeverfall
algorithm that keeps water flowing without using negative depthg
algorithm takes into account
controlled weir flow at the downstream end.

both

Gradient channels are designed feeidank 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
Channel

User defined flow channel using a flow matrikhe flow through the structer
is dependent on the water levels upstreamdawehstream

DepthDischarge
Channel

Userdefined stage discharge chann€he flow through the structure is only
dependent on the upstream conditions, such as user defined spillvays
downstream levelare influential themnM channel (see above) may be
required.
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Channel/Node ‘ Type ‘ Description

Connector X Connects the end of one channel to anothéiis is particularly useful for
connecting a side tributary or pipe into the mitomv path It also allows a
different end crossedion or WLL to be specified for the side channel, rathe
than using the end cresgction on the main channélhe direction of the
connector line is importantNote: The line must start at the side channel
and end at the main channel If two or more canectors are used at the sar|
location e. to connect two or more side channels to a main channel) their
must all snap to the same main channel.

Additional/Optional Channel Flags

Adjust Structure A Uses the equations and methodolog$éntion 5.7.6to adjust the inlet and
Losses outlet losses of a culvert or bridge channel according to the approach and
departure velocitiesThis flag overridestructure Losseif set to FIX.

For example, to adjust the losses & rectangular culvert specify a Type
attribute of HARAO.

Downstream D For culverts, limits the flow regimes to the downstream controlled ones
Controlled (seeTable5-4), unless it is a zero length channiel ¢hannel length less than
0.01m).
Energy E For structures gecifiesthe use of energlevel for theflow calculations The

default is to use energy (E), unless the global .ecf com@andture Flow
Levels== WATERIs used, in which case the default is to use water level (|
SeeH below

Fix Structure Losse| F Do not adjust the inlet and outlet losses of a culvert or bridge channel acct
to the approach and departure velociti€his flag overrides th&tructure
Lossessetting if set to ADJUST (the defaultpee Sectioh.7.6

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

Water Surface H For structures pecifies use of water level for tifiew calculations The default
is to use energhevel unlessStructure Flow Levels= WATER has been
specified.

For example, if a broadrested weir is to use watarrface levelsather than
energylevels speci fy WBH (a space can [k
for clarity).

Norrinertial channe| N Open Channel (SNormal (blank)Gradient (Glandchannels can be specifiec
asnon nertial by i redypaatribueA nainertfieN o i
channel has the inertia term suppressed from the momentum equation.

Operational Controf O Afioo flag is required for structur
control definition (see Section8). For example, an operated pump would
have a Type dtotrr inOWPt0e of APOO
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Channel/Node ‘ Type ‘ Description ‘

Uni-directional (all U
channels)

Any channel can be definedas4hi r ecti onal by i ncl
attribute Water will only flow in the positive directionfahe channe(from
upstream to downstreamfF or ex a @ | @ h an i K| coul
represent a flap gated rectangular culvert.

Variable Geometry| V

Normal and gradient channel cresections can vary over time by using a
variable channel definitionl nc | u d e alypé attdbute and deeh e
Section5.7.3.6for more details.

Note that prior to the 201312 release, a variable weir channel was
specified as a WV channel typeAs of the 201312 release, WV channels
are processed as a Wotch weir. Variable weir channels must be specified
as type AVWO

Weir over the Top| W

I f a AW0O is specified i n epBWCWat
RW), a weir channel is automatically inserted to represent the flow overtoy
the structure This saves having to digitise the weir separaté@ly usethis
option requires adding the 10 optional attributes to the 1d_nwk layer as de
in Table5-10. Some of these attributes are used to specify the weir parame
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5.6 Open Channels

5.6.1 Inertial Channels

An open channdhat includes the inertia terisispecified as series olines or polylines irone or more

1d_nwk GIS layeswith an attributeyt p e 03 sigrdifgniy a sloping channel that can handle steep,
supercritical flows. S channels are typically all natural channels and artificial channels such as concrete

lined open drains. They automaticaligst for the occurrence of upstream coled flow and
automatically switch between the two regimes, and is therpeeféype for all open channel©ther
openchanneltypes Nor mal (type O00bl aareeptformeckdard@ompalibiliynt ( t
and discussed in SectiérB.4 Table5-2 lists the 1d_nwk attributes that are required for open channels.

The hydraulic properties table for open channels is typically provided in the form cEeigmal data
referenced within a 1d_xs GIS layer and using the comnifaaed GIS Table Linkbut can also
specified from external sources (see Seclid).

Lines or polylines within the 1d_xs GIS laymay be digitised midway along the channel or snapped to
the channel endsThe treatment of the crosgctional data is different depending on the digitisatlbn

is also possible to automatically create interpolated «estgons The attributes afhe 1d_xs GIS layer

is described in

Table5-14 and further information on crosections is provided in SectiénlQ

5.6.2 Non-Inertial Channels

In order to bypass the Courant stability condition, a special channel flag (N) is included, knowsn as non
inertial channel om frictionrcontrolled channel This is valid for the S (opeohanne]l and also the
superseded blank and G gradient chann&tsapply this tanS type channel the channel type is.SN

For a norAnertial channel, the inertial terms are ignored (elimintpinertial effects) and the stability
control procedure is automatically appliedlthough 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

Default GIS
No. Attribute
Name

Open Channels: 1D Model Network (1d_nwk) Attribute Descriptions

Description

Type

Command

Unique identifier up to 12 characterslémgth It may contain any
character except for quotes and commas, and cannot be Barsk
general rule, spaces and special charactgréd0 ) s houl d b
although they are acceptedihe same ID can be used for a channel ar|
node, but nowo nodes and no two channels can have the same ID.

Char(12)

2 Type

As described iTable5-1.
S: Steep Channel
G: Gradient Channel

Blank: Normal Channel

Char@)

3 Ignore

fa ATO, At O, AY0O or fAyo i s spec
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).

I f left blank or set to Yes (i)
based on the width of the channel over half the channel length is ass
to the upstream and downstreawdes connected to the chahni set to
No (ANO or And) or F avidth &d lendtRides ¢
not contri but e . SeeSettibng.11dforfughérs s {
discussion.

Char(1)

5 Len_or_ANA

If greater than zero, sets tlength of thechannel in metreslf the length
is less than zero, except for the special values below, the length of tt
line/polyline is used.

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

If Len_or_ANAis -99999 the length from the MIKE 11 link channel is
used

Float

6 n_nF_Cd

The Manwirnd@asnmngdéds nchamnel t i pl i

If not using materials or Manniné s v a | u e sectiomthet h e
Manningés n val ueastribue speci fi e(

If using material® r  Ma n nta defipedtise bed resistance from XZ
tables (see Sectie®.10.1.1.2and5.10.1.1.3, n_nF Cdis a multiplier
and is typically set tone (1) as it becomes a multiplication factor of th
mat eri al s6 Ma hmay beqdustednas pam df thee s
calibration process.

Float

7 US_Invert

G, S Channel Type

The upstream bed or invert elevation of the channel in meTies bed of

Float
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No.

Default GIS
Attribute
Name

Description

Type

Command

the channel crossection is used -99999 is specifiefor G and S
channels

If a manually created node exists at the upstream end of the chaithe
99999 is specified, the upstream invert is set tdt8elnvert value othe
node (or pit), provided this value is greater tF@@999i for example,
seeTable5-16.

Blank Channel Type

Sets the upstream and downstream inveiste that the invert is taken
as the maximum of the US_Invert and the DS_Invert attribuisg-
99999to use the bed of the cressction as the invert.

Note: If upgrading a model wsed prior to Build 2006:03-AB, any
inverts for B, Blank and W channels need to be set t®9999to

ensure the inverts remain unchanged Otherwise, the inverts for
these channels are likely to be set to zero, as this is the default valug
set bymost GIS platforms including Maplnfo for the invert

attributes.

DS_lInvert

Sets the downstream invert of the channel using the sameasules
describedor the US_Invert attribute above.

Float

Form_Loss

Additional form losses (factor of dynamic head) dubéads, bridge
piers, etc

This method ipreferredi nst ead of i n c toacaaountfor
losses For S channels, this only applies when not in upstream contr¢
friction mode.

Float

10

pBlockage

Not used.

Float

11

Inlet_Type

This attribue is used tananageMIKE 11 1D crosssection data If
attribute is not blank, TUFLOW searches the active esestion
database for hydraulic properties data (processed-seg$i®n data) as
follows:

If a MIKE 11 database (.txt file), finds the procebskata based on the
Inlet_Type(River name)Conn_1D_2[0OTopolD) and Conn_NdgXSect
ID or Chainagehjttributes

Char@56)

12

Conn_1D_2D

See description for Inlet_Type abdfes MIKE 11 crosssection data
Usedto reference th&opolID from the MIKE 11crosssection dataf
desiredl f Conn_1D_2D is #A$LI NKoO, s
network (.nwk11) file for the link crossection details

Char(4)
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Default GIS
Attribute Description
Name
Command
This attributeis also used tmmanage Flood Modellerosssection data
If a Flood Modelledatabase (.prfile), finds the processed data based
the label specified in the Conn_1D_2D attribute
13 Conn_No | See description for Inlet_TymndConn_1D_2D abovéor MIKE 11 Integer
crosssection data
If being used for a MIKE 11 crossection this attributeshould match the
Chainage sped#dto 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
EXx
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 chéom|{  Float
anS type channelFor example a value of 0.0001 vZ/metre or (0.1 pel
km) for a 200m channel length the extra form loss would be 0.0001
or 0.02 v2/2g This can be used to account for irregularities in the be(
form not account ed . ffusingitbsyecdvhanendei
that this is cabrated This was introduced in thi2016:03 TUFLOW
releaseprior 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 theusture 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 Section6.12.1

A channel is flagged as a hydraulic structure using the Type attribute as desciibbtk&il. Except
for culverts, a structure has zero leng¢hthere is no bed resistanca length can be applied toeir
chanrels, however, this is only used the calculation of the storage (f@bdrea).

5.7.1 Culverts and Pipes

Culvertor pipechannels can be either rectangular, circular (pipe) or irregular in.shfapange of
different flow regimes is simulated with flow in eithdirection Adverse slopes are accounted for and
flow may be subcritical or supercriticaFigure5-1, Figure5-2 andTable5-4 present the different flow
regimeswhich can benodelled The regimesvhich occur during a simulaticare output to the .eof file
next to the velocity and flow output was, and to the _TSF GIS layer (see Sectléngand13.2.3.

For all culvert types the |l ength, upstreadn and d
exit losses and number of barrels are entered using the 1d_nwk attribufesfsée3). For t ype A CO
circular or type ARO rectangular culverts, the d
For an Al 0 i rr egul -sectiora shape is specified in thesarhe,marndr as foc apens s
channelaising a 1d_xs GIS layérefer toSection5.10and

Table5-14) and the commanidead GIS Table LinksTheline or polyline is digitised across the 1d_nwk
channeline.

The four culvert coefficients are as follows:

9 The height contraction coefficient for box culverts, and isallgu.6 for square edged
entrances to 0.8 for rounded edg@&sis factor is not used for circular culverts.

9 The width contraction coefficient for box culverts, with values from 0.9 for sharp edges to 1.0
for rounded edgesThis factor is normally set tb.0 for circular culverts.

1 The entry loss coefficientThe standardvaluefor this coefficientis 0.5 Variations to this
value may be applied based manufacturespecifications.

9 The exit loss coefficient, normally recommended as {Nbte: This valie when entered in
fixed field formats in earlier versions of ESTRY is an exit recovery coeffici€otconvert
the exit recovery coefficient to an exit loss coefficient, multiply itidyand add., ie. 0
becomes 1 and 1 becomesI® recommended valugas zero.)

The calcul ations of culvert flow and | osses are
the Selection of Hi ghway Culvertso and fACapaci:t
Cul vertso, toget her pnnidedhn Herdlerso966. Miaelcalculatibns hravea t i o n
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been compared and shown to be consistent
AAr mcoo.

For benchmarking afulvert flow to the literature ség UFLOW Validation and Testin(Huxley, 2004)
which is available atvww.tuflow.com

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

Default GIS
Attribute Description

Name

Command

1 ID Unique identifier up to 12 charaes in length It may contain any Char(12)
character except for quotes and commas, and cannot be Blarsk
general rule, spaces and special charackgréd ) s houl d b
although they are acceptedihe same ID can be used for a channel ar|
node, btino two nodes and no two channels can have the same ID.

When automatically creating noo(
the channel names for the upstream and downstream node names
respectively IDs over 10 characters long are not recommendeldeas t

appendingof.land .2caaused upl i cate node | D
2 Type The culvert type: Chard@)
T ACo6 for a circular culvert;
T ARG for a rectangular cul ve
T Al 6 for an irregular shaped

Optional type flags maglsobe used to implement adidinal flow
controls such asnidirectionalf | ow ( AiU0) or oper
( A O &ylvert type details are outlined Trable5-1.

3 Ignore If a ATo, Ato, AYO or #Ayo is s Char)
True and Y for Yes) Any other entry, including a blank field, will treat
the object as active.

4 uUCs Ifleftblankor set to Yes (AYO or f#yo) Char)
(Use Channel| based on the width of the channel over half the channel length is ass
Storage at | to both of the two nodes connected to the chanindl s et t o

nodes) Aind) or Fal se ( fiF O oesnotdohtdblte to then ¢
node 6s. Sed Sectiadgl&for further discussiaon

5 Len_or_ANA | The length of the culvert in metreH the length is less than zero, exce| Float
for the special values below, the length of the line/polyline is used.

If Length is-99999 the length from the MIKE 11 linchannel is used

6 nnFCd |The Manningds n.value of the c{ Float
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No.

Default GIS
Attribute
Name

Description

Type

Command

If using materials to define the bed resistance from XZ tablaly for
Irregular culvertsee Sectio®.10.1.1.2, n_nF_Cdshould k& set to one
(1) as it becomes a multiplicat
values It may be adjusted as part of the calibration process.
7 US_Invert | The upstream bed or invert elevation of the culvert in metres Float
If a culvert invert haa value 0£99999(after any application of node/pi
DS_Invert values), the invert is interpolated by searching upstream ¢
downstream for the nearest specified inverts, and the invert is linearl
interpolated Interpolate Culvert Invertsan 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 fo|  Float
described for the US_Invert attribute above.
9 Form_Loss | Specifies an adtdonal dynamic head loss coefficient that is applied wl ~ Float
the culvert flow is not critical at the inleNote, this loss coefficient is n(
subject to adjustment when usiSgucture Losses= ADJUST, and is
ideally used to model additional energy losses such as pit and bend |
10 pBlockage | C, R Channel Type Float
Thepercentagdlockage (for 10%, enter 10) of the culveFRor R
culverts, the culvert width is reduced by the % Blockage, while for C
culverts tle 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 b
calculated decrease in diameter
| Channel Type:
Not usel.
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:
Thebox culvertwidth in metres
| Channel Type:
Not used.
15 [ Height_or_WF| R Channel Type Float
Thebox culvertheight in metres.
TUFLOW USER Manual i Build 2016-03-AA ATUFLOW


http://www.tuflow.com

1D Domains

5-20

No.

Default GIS
Attribute
Name

Description

Type

Command

C, I, Channel Type
Not used.

16

Number_of

The number of culvert barreldf set to zero, one barrel is assumed

Integer

17

HConF_or_ W
C

I, R Channel Type

The height contractionoefficient for orifice flow at the inletUsually

0.6 for square edged entrances to 0.8 for rounded etfgeue 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 fli
regimes

C Channel Type
Not used.

Float

18

WConF_or_W
EXx

The width contraction coefficient for inkebntrolled flow Usually 0.9
for sharp edges to 1.0 for rounded edges for R culviitsmally set to
1.0 for C culverts If value exceeds 1.0 os iess than or equal to zero, i
is set to 1.0.

Not used for outlet controlled flow regimes.

Float

19

EntryC_or_WS
a

The entry loss coefficient for outlet controlled flow (recommended va
of 0.5). If value exceeds 1.0, it is set to 1@ value is les than zero (0),
it is set to zero (0)If Structure Losses= ADJUST (the default) or the 4
flag is used (se€&able5-15), this value is adjusted according to the
approach and departure velocities (see Seétiorh). If the culvert is
discharging out of a manhole, this attribute is ignored and the entry |
used is that determined kyet manhole energy losses formulation (see
Section5.12.5. The entry loss value used in the computation can be
viewed over time using the _TSL output layer (Seetion13.2.3.

Float

20

ExitC_or_WSb

The exit loss coefficient for outlet controlled flow (recommended valu
1.0). If value exceeds 1.0, it is set to 1@ value is less than zero (0), il
is set to zero (0)If Structure Losses= ADJUST (the default) or the A
flag is used (se€&able5-15), this value is adjusted according to the
approach and departure velocities (see Seétiorg. If the culvert is
discharging into a manhole, this attribute is ignored and the exit loss
is that determined by the manhole energy losses formulation (see
Section5.12.5. The entry loss value used in thergautation can be

viewed over time using the _TSL output layer (Seetion13.2.3.

Float
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Table 5-4 1D Culvert Flow Regimes

Regime ‘ Description

A Unsubmerge@ntrance and exitCritical flow at entrance Upstream controlled with the flow
control at the inlet.

B Submerged entrance and unsubmerged é&xiifice flow at entrance Upstream controlled with the
flow control at the inlet For circular culvertsnot available focCulvert Flow== Method A.

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

D Unsubmerged entrance and ex@ub-critical flow at exit Downstream controlled.
Submerged entrance and unsubmerged &xitl pipe flow. Upstream controlled with the flow
control at the culvert outlet.

F Submerged entrance and extull pipe flow. Downstream controlled.

G No flow. Dry or flap-gate active.

H Submerged entrance and unsubmerged é&dterse slope Downstream controlled.

J Unsubmerged entrance and exdverse slope Downstream controlled.

K Unsubmerged entrance and submerged &ittical flow at entrance Upstream ontrolled with
flow control at the inletHydraulic jump along culveriNot available forCulvert Flow== Method A.

L Submerged entrance and ex@rifice flow at entrance Upstream controlled with the flow control
the inlet Hydraulic jump along culvertNot available forCulvert Flow== Method A.

TUFLOW USER Manual i Build 2016-03-AA A-IUFLOW


http://www.tuflow.com

1D Domains 5-22

INLET CONTROL FLOW REGIMES
HWJ: H"i
My o

A: Unsubmerged Entrance, B: Submerged Entrance,
Supercritical Slope Supercritical Slope
le HWl i
— T™W =
e e A
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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QUTLET CONTROL FLOW REGIMES
HVXI Hv\i
R =
R

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

e
e TR H

E: Submerged Entrance, F: Submerged Entrance,
Unsubmerged Exit Submerged Exit
— S
No Flow l No Flow A[j-w

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 r €y divergence dralied slopeo(they are n gt h
effectively zerelength channels, although the length is used for automatically determining nodal
storage$ seeSection5.11.7). The bridge opening cross section is described in the saamner to a

normal channel

As of the TUFLOW201603release two types of bridge channels can be specified. The original bridge
channel is denoted as nBo, whil e the new bridge

B bridges require the user to specify an endogg versus elevation table, usually derived from loss
coefficients in the literature suchasHy dr aul i ¢ s of Badiey 1P TWadenergyway s 0
loss table can be generated automatically via the 1d_nwk Form_Loss attribute if the energy loss
coeficient 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 catricts andexpands, andlsoautomatically applpridge deck losses saciated

with pressure flow. The onlyser specifiedbsscoefficientsrequired for BB bridges are the pier losses
andthedeck losses once fully submerged. If the pier doedficient isconstant through the vertical the
coefficientcansimply be spedied via the 1d_nwk Form_Loss attribute as described further bé&3@w.

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-talptdat the energy loss
coefficients.

Two bridgeflow approacheare offered usingridge Flow Methad B is an enhancement on Methiad
by providing better stability at shallow depths or when wetting and dryihgre are alssome subtle
differences between the methods in how the loss coefficients are applied at the bridg&hded&
discussed further belowMethodB is the approach recommended with Metloprovided for legacy
models.

For Bridge Flow== Method A the underside of the bridge deck (the obweersoffit) is taken as the

el evation when the flow area stops | rectioadasi ng, o]
whichever occurs firstFor Bridge Flow== Method B the highest (last) elevation in the cragstion

table is always assumed to be the underside of the bridge deck

5.7.2.2 Bridge Cross-Section and Loss Tables

The crosssectional shape of the bridge is specified in the smarener as for open channels using a
1d_xs GIS layer (refer tBection5.10and

Table5-14) and the commangead GIS Table LinksThe line or polyline is digitised midway across
the 1d_nwk channel lin@lo not specify as an end cres=ction, ie.a crosssection linesnapped to an
end of the bridge channelAs per the open channghe crosssection data can be in offsglevation
(XZ) or heightwidth (HW) format.
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Bridge structures are modelled using a height varying foremergyloss cefficient A table (referred

to as a Bridge Geometry fABGO or Loss Coefficient
versus height is requiredrhe interpretation of loss coefficients provided by the user differs depending

on whether the bridgchannel 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 comman&ead 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 theatiosal shape
of the bridge The line does not have to be identical to the esession line.

Where the loss coeffient is constant through to the bridge demk o losses such as a clear spanning
bridge, or pier losses onlysee BB bridges the BG table can automatically be created by specifying a
positive nonrzero value for the Form_Loss attribute in the 1d_nwlelgseeTable 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 Ma n néstaetae igmredf theflowis i n t h
expected to overtop the bridge, a parallel weir channel should be included to represent the flow over the
bridge deck, or a BVdr BBW channel can be specified (s®ection5.7.3.9.

5.7.2.3 B Bridge Losses Approach

The coefficientdor B bridgesare usuallyo bt ai ned from publications suc
Wa't e r wBaadleyp197@ through the following procedure

1 The bridge opening ratio (stream constriction ratio), defined in Eqsatlomnd 2 of
AHydraulics of Bridge Waterwayso, i's esti ma
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 represgdry a number of parallel channels,
providing a more quantitative basis for estimating the proportion of flow actually obstructed
by the bridge abutments

9 For each level this enables the value ¢ftkKo be obtained from Figur e
BridgeWa t e r wAdditiodal factors, for piers (Kfrom Figure 7), eccentricity (Kfrom
Figure 8) and for skew €rom Figure 10)make up the primary contributors t@.K

1 The backwater coefficiemd, input into theL C table is the sum of the relevant cagiints 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 takeraccount the effects of approach
and departure velocities (via consideration of the upstream and downstrearsectass areas), in
which case the losses for the B channel should be.fiféds is the default setting or can be manually
specified using h e A Geoafi fBIFcdannel)in the 1d_nwk Type attribute, or uSéructure Losses
== ADJUSTEXCEPT BG TABLES(the default)
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For Method A, once the downstream water level is within 10% of the flow depth urderidge, 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)
MethodB does not use the 10% of thhew depth phasing in nor applies a minimum loss coefficient
once the bridge deck is submergeal 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.

Thevalue of 1.562%s derived fronthe following equation presented in Waterway Desi§riGuide to
the Hydraulic Design of Bridge€ulverts and Floodway#ust Roads, 1994)

Q=C,b,Z2gdH
Where:

0 Total discharge (ffs)

0  Coeffecient of discharge (0.8 for a surcharged bridge deck)

@  Net width of waterway (m)

@ Verticle distance under bridge to mean river bed (m)

Q"0 Upstream energy (or water surface) level minus dowastrwater surface levéh)

V2
AssumingV = b% anddh= K2—, the equatiomearranges tgive K = 1—2 where aCq value of
N g d

0.8 equates to a K value of 1.5625.

5.7.2.4 BB Bridge Losses Approach

BB bridges were introduced f&uild 201603-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 damyfoiers and the hidge deck wheiit 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 néexdthe useto manuallygeneratea LC table.

The entrance and exit losses are adjusted very timestep according to the approach and equations in
Section5.7.6 This approach yields similar results to the approach for determining contraction and
expansion losses in publications such as Hydraulics of Bridge Waterrayedy, 1978).

Pressure flow is handled by transitioning from the equation descrilbled previous sectiofto 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_WC attribute can be used to vary Cd (default
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value is 0.8) and th&/ConF_or_WEXx attribute to set the submerged deck loss coefficient. When
pressure flow results the AP0 flag wild.l appear

The parameters used by the BB bridge routine are:

1 CDis theBridge Deck surcharge coefficierdéfault = 0.8)

1 DLCis theDeck loss coefficient@efault= 0.5 and only appliesvhen no LC table exists and
anautomatically generated table usthg 1d_nwk-orm_Lossattribute is created.

1 ELCis theunadjusted ’try loss coefficientefault= 0.5)
1 XLC is the unadjustedxit loss coefficient Default= 1.0).

New . ecf Ridedsa 0adfficiénts== <CD>, <DLC>, <ELC>, <XLC>

change the above default valwues to the useros

The above values cafsobechanged for a bridgasing the following 1d_nwk attributes. If the attribute
value is zero then the default value or the value specifié¢itidge Zero Coefficientsis used.

1 CD=HQnF_or WC

1 DLC=WConF_or_WEx
T ELC =EntryC _or_ WSa
1 XLC = ExitC_or_WSb

BB bridges have their entrance and exit losses adjestey timeste@ccording to the appach and
departure velocitieas pethe equations below (also see Sectichg.

_ Vapproacﬁ
Ceic_adjusted Celc gl- )
Vstructur&j

2

Vdeparture?

e
CXLC_adjusted: Cxe él' - u
é Vstructureu

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

LC tables for BB bridges shouttiereforeonly be the losses due to piers and bridge decks. The LC
table should not include any losses €ontraction and expansion.

If no LC table existfor the BB bridge and theld_nwkForm_Lossattributeis 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 coefficienDLC).

Note: If a LC table exists, theorm_Lossvalue is added to all the LC table loss values

Other notes are:
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1 BB bridges aremly availableif Structure Routines= 2013(the default).

1 The unadjustedrdry and aist lossegELS and XLC)cannot be below 0 or greater tharahd
will be automatically limited to these values

9 _TSF and TSL layes containthe following flags/aluesfor BB bridges:
o For normal fl ow ( A fixed/adjustédPdmpan® dr owned ou
o For Pressure (APO) fl ow: Deck surcharge
o Other flags:

A AUO for wupstr eiaony occarswhenodbwnsrdam ivates level
is below bridge bed level

A Azo for zero .or nearly zero flow

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

Default GIS
Attribute Description

Name

Command

1 ID Unique identifier up to 12 characters in l#mglt may contain any Char(12)
character except for quotes and commas, and cannot be Blarsk
general rule, spaces and special charactgr$0 ) shoul d
although they are accepted@ihe same ID can be used for a channe
and a node, but no two des and no two channels can have the sa

ID.

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

an ID.
2 Type i Bor naB §écified imMable5-1. Char@)
3 Ignore fa ATO, At o, AY0O or #fAyo is spl| Char(l)

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

4 ucs If leftblankor set to Yes (AYO0 or fAy| Char(l)

(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 chafiset to
No (ANO or findo) or Fal sdoes(dtF o
contribute t o.SeehSectiobddo foartherst or
discussion.

5 Len_or_ANA [ Only used in determining nodal storages if the UCS attribute is s  Float
fiY O o MotidsEdin conveyance calculations.

6 n_nF_Cd Not used. Float

TUFLOW USER Manual i Build 2016-03-AA A-I-LJFLOW


http://www.tuflow.com

1D Domains 5-29

Default GIS
No. Attribute Description Type

Name

Command

7 US_Invert Sets the upstream and downstreaneitss Note that the invert is Float
taken as the maximum of the US_Invert and the DS_Invert attriby
Use-99999to use the bed of the cresection as the invert.

Note: If upgrading a model used prior to Build 200603-AB, any
inverts for B, Blank and W channels need to be set te99999to
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 downstreamviert of the channel using the same rules as{ Float
described for the US_Invert attribute above.

9 Form_Loss If a LC table exists,dr BB bridges dds the value specified to the lo|  Float
coefficients in the_C table Notadded to LC tablefor B bridges.

If no LC tableexists and the value is greater than zero, TUFLOW
automatically generatesl& table of constant loss coefficient up un
the bridge deckig. the top of the crossection) The interpretation of
theLC table generated from the Form_Losduediffers depending
on whether a B or a BB bridge as follows:

For B bridgegwith no LC table)

1 The Form_LosgLC valué is not subject to adjustment when
usingStructure Losses= ADJUST.

1 Above the underside tifie bridge deck (the top of the cress
section) a value of 1.26is used with the 1.5@5 less the
Form_Loss value is subject to adjustment when uSingcture
Losses== ADJUST.

For BB bridgegwith no LC table)

1 TheForm_LosgLC valué is only used to apply pier losses.
Contraction/expansion losses and bridge deck pressure flow |
are automatically calculated.

1 Once thebridge decks fully submerged (and no longer under

pressure flow) th&VConF_or_WExattributeis used to set the
additional losses due to the bridge deck

10 pBlockage | Not used Reserved for future builds to fully or partially block &t
channels The 1d_xs Skew attribute can be used to part
block crosssections of these channélsee
Table5-14.

11 Inlet_Type This attributeis used tananageMIKE 11 1D crosssection data If Char(256)

attribute is not blank, TUFLOW searches the active esestion
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No.

Default GIS

Attribute Description

Name

Type

Command

database for hydraulic properties data (processed-seassn data)
as follows:
If a MIKE 11 database (.txt file), finds the processed data based ¢
Inlet_Type(River name)Conn_1D 20TopolD) and Conn_No
(XSect ID or Chainagegttributes
12 Conn_1D_2D | See description for Inlet_Type abolee MIKE 11 crosssection data | Char(4)
Usedto reference th&opolID from the MIKE 11 crossection dataf
desiredl f Conn_1D_2D is A$LI NKoO,
network (.nwk11) file for the link crossection details
This attributeis also used tsmarage Flood Modellecrosssection
data If a Flood Modelledatabase (.pro file), finds the processed ¢
based on the label specified in the Conn_1D_2D attribute
13 Conn_No See description for Inlet_TymndConn_1D_2D abovéor MIKE 11 Integer
crosssection data
If being used for a MIKE 11 crossection this attribute should matclk
the Chainage spedidto 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_WC | B bridges:Not used. Float
BB bridges: Bridge deck pressure flow contraction coeffici€gk (
If set to zero the default of 0.8 or that specified2bylge Zero
Coefficientsis used.
18 | WConF_or_WEXx| B bridges:Not used. Float
BB bridges: Bridge deck energy loss coefficidbt.C) for fully
submerged flow. If set to zero the default of 0.5 or that specified
Bridge Zero Coefficientsis used.
19 EntryC_or_WSa | B bridges:Not used. Float
BB bridges: Unadjusted entrance energy loss coefficlEInC). If set
to zero the default of 0.5 or that specifiedByydge Zero Coefficients
is used.
20 ExitC_or_WSb | B bridges:Not used. Float
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Default GIS
No. Attribute Description

Name

Command

BB bridges: Unadjusted exit energy loss coefficietit@). If set to
zero the default of 1.0 or that specifiedBydge Zero Coefficientsis
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 dat§g Char60)
Must be a comma or space delimited text file such as a .csv file.

2 Type i BGO or Bridge€rergyloss coefficients (secancolumn) 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 tf Char@0)

first column of data Values are read from the first nunml@ncountered
below the label until a nenumber value, blank line or end of the file
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 filleat is in the header for th Char@Q)
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 fof Char@Q)
third column of data

If this field is left blank, the second column of data after Column_1

used.
7 Column_4 | Optional Defines the fourth column of data. Char0)
8 Column_5 | Optional Defines the fifth column of data. Char0)
9 Column_6 | Optional Defines thesixth column of data. Char0)
10 Z_Increment | Not used. Float
11 Z Maximum | Not used. Float
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Default GIS
\[o} Attribute Description

Name

Command

12 Skew Not used. Float
(in degrees)
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5.7.3 Weirs

5.7.3.1 Weirs Overview

A range of weir types are availablelssedin Table5-7. Weir channels do not require data for length,
di ver gence o r-lengtle adhansels,alpheugh(tite kemgthisa r e

Manningés n

used for automatically determining nodal storaigeseSection5.11.17).

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

downstream controlled flow (submerged)

Weir Type Description

W

Table 5-7 Weir Types

The original ESTR weir based on therbadcrested weiformula
with the Bradley submergence approach {&&gr Approach==
METHOD A). The weir shape idefinedeither as a rectangle usir
the 1d_nwk Width attribute or @scrosssection. This was the only|
weir option prior to the 20132 release.

The weir types below were introduced for THidFLOW 201312 release to offer a
greater range of weir types/equations, with more user flexibility to define
submergence curves and other paranset

WB Broadcrested weir A rectangulasectionshape is assumed.

wWC Crump weir

WD Userdefined weir

WO Ogeecrested weir

WR Rectangular wei¢sharp crested)

WT Trapezoidal weir or Cippoletti weir

WV V-notch weir
Note, prior to the 20132 release a variable weir channel could b
specified as a WV channeAs of the 201312 release WV
channels are processed as-adfch weir, so any WV channels wi
need to be changed to VW.

WW Similar to the original W weir channel, but has more options

allowing the user to customise the weir subrgence curve and
other parameters. Can be baseeitimer a rectangular shape usir]
the 1d_nwk Width attribute or aacrosssection
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5.7.3.2 Original Weirs (W)

For a AWO type weir, a s tasperdte reglationeelowihd iemiw f or mu

assumed to be broamlested Weirs with different characteristics should be modelled using one of the
other weir types listed iable5-7 and discussed ine8tion5.7.3.3

. Q
5 26k 0
o] 0
¢, ¢QO0
W -0 —/—
o 0
Where
0 = Unsubmerged flow over the weir )
W = Velocity approaching the weir (m/s)
0 = Broadcrested weir coefficient of 0.57

w = Flow width (m)
0 = Weir calibration facto(defaultof 1.00r ef er to 1d_nwk fAHeight _or
"O= Depth of water approaching the westative to the weirrivert (m)

The calibréion factor C;, 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 thelfastmormally
set to 1.0 by default, and modifiedréquired for calibration or other adjustmemote, this factor is
not the weir coefficient, rather a calibration factor to adjust the standard-dnestdd weir equation
The factor can be used to model other types of weirs through adjustment cbaklerested weir
eguation, although use of the other weir types listéichisle5-7 is recommended

For benchmarking of unsubmerged and submerged weir flow to the literature, see(B084ywhich
is available atvww.tuflow.com

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

For submergence diV weir channelsit is recommended that/eir Approachis set toMETHOD A or
METHOD C. Both METHOD A and METHOD Cutilises the Bradley submergeneg@proach
(METHOD Cis a slight enhancement thatly affects WW weir channelshe Bradley Submergence

_ W

approach (Bradley, 1978igure 24 is handled byitting theequatiorbelowt o0 Br adl ey 6s subm

curve reproduceth Figure5-3 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 th@redpedbdiv are
shown alongside the submergence curves used for other weir typigsiia5-4 andFigure5-5. The
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submergence factor transitions the flow from weir flowzéoo flowasthe water leveldifference(dH)
approachegero.

. 0
0 P P o)

Weir Approach== METHOD B was introduced to provide additional stability for 1D flow over

roadways connected to 2D domains, however, it can cause erchea drops under drowned flow

conditions and is therefore not recommended or to be used with caution. METHOD B only applies to

the W weiri it has no influence over the new weirs introduced in the A212lease 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 theriginal6 W6 t y p e was listed irf dble57rweré introduced fothe
TUFLOW 201312 release. These weirs offer greater variety, flexibility and can be customised by the
user. As of the01603release most of these weirs can be opefiass Sectiob.9.

Theweir flow when upstreamantrolledis determined by the following equation

0 -66 6 ® CQO0
Where

0 = Flow over the weir (fs)

0 = Weir coefficient

0 = Weir submergence factor

0 = Weir calibration factor (default d¢f0ir ef er t o 1d_nwk fAHeight or
® = Flow width (m)

"O= Upstream water surface or enedppthrelative to the weir invert (ni) see note below

‘O ¥ Weir flow equation exponent

Notes

1. The default values fo€y are provided infable 5-8, and documented further below for weirs
whereCy is recalculated each timestep.

2. The approach taken for calculating thesiwsubmergence factod each timestep is
documented below.

3. The weir calibration factr, C, is by default 1.0 and should only be changed should there
be a good justification.

4. For weirs where the flow widthVy, varies, eg. a \hotch WV weir, the formula for that
weir takes into account the varying width.

5. Whetherwater surfacedepth orthe energy level s used foH depends on th&tructure Flow
Levelssetting, which can be changed on a structure by structure case using the E or H flag (see
Table5-1).

6. The default values fdEx are providedn Table5-8.

Table5-8 presents theveir coefficientd and weir flow exponen® ausedfor each weir. 8me of
thes values are derived from dimensional forms of the weir equatidakies other than the default
values shown iffable5-8 may be used by altering the attributes of the 1d_nwk |&yefer toTable5-9
for further information.

Note thatCy for WO and WV weirgs recalculatd every timestes describeith the following sections
It is possible to override this by specifyingafroe r o posi tive value for the
in the 1d_nwk layer For WD weirs the user must specify a rraro positive value.
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Table 5-8 Default Attribute Values for the Weir Equation for Different Weir Flows

C Ex a b
Channel ‘ : Default Submergence Curve
(HConF_or (WConF _or | (EntryC or (ExitC _or
Type ( and )

_WCQC) _WEX) _WSa) _WSb)
SP 0.75 15 6.992 0.648 Ogee / Nappe
(USBR 1987 and Miller 1994)
wB 0577 15 8.55 0.556 Broadcrested 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 1.5 3.0 0.5 User Defined default settings
Defined
WO Realculated 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 Haga|
1987a (Miller 1994)
WT 0.63 15 2.205 0.483 Sharp Crest Thin Plate from Hagal
1987a (Miller 1994)
WV Realculated 25 2.205 0.483 Sharp Crest Thin Plafeom Hagar,
every 1987a (Miller 1994)
timestep
WWwW 0.542 15 21.15 0.627 Bradley 1978 Broadrested
(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 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 (@fie height of the wir crest above the

bed), see the discussion for the 1d_r Invertattribute inTable5-9.

Model Information - [MMF Model] s

MAF bodel Coefficients:

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

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

Histary TCD\fariance T Fesiduals T Comments 1

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 I |
3.800
3.600
8 M_/ '3?:;.::: ha

4 ¥
3.400 : %\ -
3.200 - e
3.000

0 0.5 1 1.5 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 derivelll&yp Engineeringas
shown below. For metric models the flow is calculated®/a &nd converted tois.

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 USBER. (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. To 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 nearly identical which implies that our fits are very good.

Q=428C tan[E) (nekP’?
T 2 Candk +ws HNotch Angle
L 0.6 0.0l
WhEI’E.Q =TDhscharge (_c:fs) 0.5 [ 0008
Z=Discharge Coefficient 0.56 =G 000s =
§ = MNotch Angle “h 54 —— 0004 &
h =Head (ft) Dujsi E'DD:’
k=Head Correction Tan 40 a0 a0l 100
Factor (ft) Notch Angle (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 factot®s were soughf r om t wo sources: fi Millerc har ge

1994) and ADischar ge M&9%8% uhesobmergencésaharts forteach wegr 0 ( B «
type, relating the weir submergence factor to the ratio between downstream and upstream water level
were reproduced from the literature in Excel arelsdown inFigure5-5.

Two methods were utilised to fit equations to these curvesse are:

" N w
1 The Rational Function expressed @s: <

! The Villemonte equation, expressed @s: p O

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 literaiviter a comparison of the results,
the equationrbm Villemonte was chosen for a number of reasons:

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

1 The Villemonte equation may be solved exactly at the extremities of the cigvetere
O 0 Pandod T, and WhenO o = 0ando p. The Rational Function

required further manipulation through inclusion of additional points to achieve this outcome

The default variablea andb used to determine theubmergence factay for each weir type are

presented ifable5-8. Figure5-5shows the submergence curves produced usingetiaeilt valuesn
Table5-8 to calculated
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—4—Broad-Crested (BRADLEY, 1978) \
4 | ——Ogee or Nappe (USBR, 1987) \

Y—
8 0.5
~#—Sharp Crest Thin Plate (Hagar, 1987a) (MILLER, 1994)
04 - ~—Cylindrical (Bos, 1976) (MILLER, 1994)
—#—Broad-Crested (Bos, 1976) (MILLER, 1994)
&~ Crump H1/Hb=0.5 (BOS, 1989)
03 7 —— Crump H1/Hb=1.5 (BOS, 1989)
——Short-crested (Abou Seida & Quarashi, 1976)
02 —— ~Broad-crested (Abou Seida & Quarashi, 1976)
—4— Sharp-crested (Villemonte, 1947)
01 — —4—Sharp-crested (Varshney & Mohanty, 1973)
~— Sharp-crested (Abou Seida & Quarashi, 1976)
0.0 T T T T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Hd/ I-Iu
Figure 5-4 Weir Submergence Curves from the Literature
10 \\
09 | \\\ \\
0.8
——Bradley 1978 Broad-crested \ \\\\ \
0.7 —
—— USBR 1987 Ogee / Nappe
0.6 ——— Sharp Crest Thin Plate (Hagar, 1987a) (MILLER, 1994)
——Cylindrical (Bos, 1976) (MILLER, 1994)
G
L")' 0.5 -~ —Broad-Crested (Bos, 1976) (MILLER, 1994)
~——Crump H1/Hb=0.5 (BOS, 1989)
04
——— Crump H1/Hb=1.5 (BOS, 1989) ‘\\\\“
03 H = Short-crested (Abou Seida & Quarashi, 1976) (MILLER, 1994)
~——Broad-crested (Abou Seida & Quarashi, 1976) (MILLER, 1994) \
02 1= sparpcrested (Villemonte, 1947) (MILLER, 1994)
~——Sharp-crested (Varshney & Mohanty, 1973) (MILLER, 1994)
01 —
~—USER defined
0.0 T T T T T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
H,/H,

Figure 5-5 Weir Submergence Curves using Villemonte Equation
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Table 5-9

Default GIS
Attribute Description

Name

Weirs: 1D Model Network (1d_nwk) Attribute Descriptions

Command

Unique identifer up to 12 characters in length may contain any
character except for quotes and commas, and cannot be Blarsk
general rule, spaces and special charactgrsd0 ) s houl d
although they are accepte@ihe same ID can be used for aohel
and a node, but no two nodes and no two channels can have the
ID.

Digitised nodes can have their ID left blank and TUFLOW will ass
an ID.

Char(12)

2 Type

The weir channel type as specified using the flagsainle5-1 and
Table5-7. For example,aMhot ch weir woul d

Chard@)

3 Ignore

If a ATO, At O, AY0O or Ayo is s
True and Y for Yes) Any other entry, including a blank fil will
treat the object as active.

Char(1)

4 ucs
(Use Channel
Storage at nodes

I f left blank or set to Yes (
based on the width of the channel over half the channel length is
assigned to both of the two nadeonnected to the channdi set to
No (ANO or fAnodo) or False (AFO
contribute t o. Sedsectionbddldodferthes t or
discussion.

Char(1)

5 Len_or_ANA

Only used in determining nodal storages if the UCS attribute is se
fi'Y 0 o Motiis€din conveyance calculations.

Float

6 n_nF_Cd

Not used.

Float

7 US_Invert

All Weir (excluding WO) Channel Types

Sets the weir invertNote that the invert is taken as the maximum (
the US_Invert and the DS_Invert attributésor W and WW weirs
use-99999to use the bed of the cressction as the invedr weir
crest

The maximum of US_Invert and DS_Inté& used in conjunction
with theWidth_or_Diaattribute to define a rectangular section 5m
(16.4ft). The automatic height given theweir is 5m(16.4ft) so that
thegeneration of node storage areas from channel widths are wit|
realistic range of elvations UseDepth Limit Factorto allow water
levels to exceed the 5(06.4ft) range if required Note: For W and
WW weirs if a crosssection for the channel exists, the cresstion
profile will prevail over tle automatic rectangular shape.

WO Channel Type

The absolute difference in height between the US_Invert and

Float

TUFLOW USER Manual i Build 2016-03-AA

g TUFLOW


http://www.tuflow.com

1D Domains 5-43

Default GIS
Attribute Description

Name

Command

DS_Invert is used to set the height of the weir above its sill (usual
denoted as P), which is used
coeffident each timesteplf the US_Invert and DS_Invert are the
same value the primary upstream channel bed will be used to set

value of P.
8 DS_Invert See comments above for US_Invert. Float
9 Form_Loss Not used. Float
10 pBlockage W Channel Type: Float

Not used Reserved for future builds to fully or partially blo

W channels The 1d_xs Skew attribute can be used to part

block crosssections of these channelsee

Table5-14.

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.

WV Channel Type:

The V-notch angle is adjusted progionally by the % blockage.
11 Inlet_Type This attributeis used tananageMIKE 11 1D crosssection data If Char(256)

attribute is not blank, TUFLOW searches the active esession
database for hydraulic properties data (processed-seasi®n data)
as bllows:

If a MIKE 11 database (.txt file), finds the processed data based (
Inlet_Type(River name)Conn_1D_2QTopolD) and Conn_No
(XSect ID or Chainagegttributes

12 Conn_1D_2D | See description for Inlet_Type abolee MIKE 11 crosssection data | Char(4)
Usedto reference th&opolD from the MIKE 11 crossection datdf
desiredl f Conn_1D_2D is #A$LI NKo,
network (.nwk11) file for the link crossection details

This attributeis also used tsmnanage Flood Modler crosssection

data If a Flood Modelledatabase (.pro file), finds the processed
based on the label specified in the Conn_1D_2D attribute

13 Conn_No See description for Inlet_TymndConn_1D_2D abovéor MIKE 11 Integer
crosssection data
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Default GIS
Attribute Description
Name
Command

If being used for a MIKE 11 crossection this attribute should matct
the hainage spedidto the nearest integer.
For links, Conn_No must equal or fall within the upstream and
downstream chainages of the link.

14 Width_or_Dia [ All Weir (excluding WT and WV) Channel Types: Float
The weirwidth in metres For W and WW weirs, this attribute is
ignored ifa crosssectionfor the channel existsSee discussion for
the US_Invert attribute aboveFor operational weirs, the width of
the weir when fullyopen.
WT Channel Type:
The widthat the basef thetrapezoidalwveir.
WV Channel Type:
Angle of the \¢notch in degreesMust be between 20° and 100°.

15 Height_or_WF | For non-operated weirs this value can be used as aimcoefficient Float
adjustmentactor 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 oy
time in the _TSL GIS layerlf zero or negative an adjusent factor
of 1.0 {e. no adjustment) is appliedSeeSection5.7.3
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, G, in its dimensionless formif less than or equal t
zero the default value for the weir typeTiable5-8 is used
Note that for WO and WV weirs the default @srecalculate gevery
timestep Entering a value greater than zero (0) will override this g
apply a fixed G. For WD weirs the user must specify a reaTo
positive value.
Note that published weir coefficients may be based on other non
dimensional odimensional forms of thereir equation, therefore cary
should be taken in ensuring the coefficientasnpatiblewith the form
of the weir flow equation presented in Sector.3.3

18 | WConF_or_WEx| W Channel Type Float
Not used.
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Default GIS
Attribute Description

Name

Command

All Weir (excluding W) Channel Types

Weir flow equation exponent Ex in theeir flow equationpresented
in Section5.7.3.3. If less than or equal to zero thefault value for
the weir type irTable5-8 is used The default value is 1.5 for all we
types except for WV which is 2.5.

19 EntryC_or_WSa | W Channel Type Float
Not used.

All Weir (excluding W) Channel Types

Setsthedbnmer gence f act o WVilenanteEqatigno
for calculating the weir submergence facter(@fer toequations in
Section5.7.3.3and5.7.3.9. If less than or equal to zero the deit
value for the weir type ifable5-8 is used

20 ExitC_or_WSb | W Channel Type Float
Not used.

All Weir (excluding W) Channel Types

Sets the submer ge nc eVilénootd Equatiori
for calculating theveir submergence factorrefer toequations in
Section5.7.3.3and5.7.3.9. If less than or equal to zero the default
value for the weir type ifable5-8 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 |&ye¥ structure must be

digitsed wi t hin a 1d_nwke | ayer (as opposed to a 1d
original structure typeFor example, to model a bridge and a weir representing overtopping of the road
deck, s p e c i. fTe weirycpest levelBaWwiddimensioare specified within the additional

attributes contained within a 1d_nwke layer and are explain@alie 5-10. The original W weir
approach is adopted for calculating the flow (see Sebtios.d.

The weib s  sishaaspreed to higvo rectandes on top of each other. The lower rectangle is reduced
in width according to the percent blockage applied to the rail (ie. the EN4 attribtaeleb-10), and

its height is te 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 separate 1d_nwleir channel
parallel to the original bridge or culvert struetuie. 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 andRW channels, the flow width of weir (m) over the tog  Float

of the B, C or R structurelf < 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 {fd 0.001 Float
assumes solid or no radepending on the EN4 attribute entry

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

27 EN5S For BW, CW and RW channels, the weir calibration facterset to 1.0 Float
if <0.001 is specified.

28 EN6 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 WV (variableweir) channel allows the modeller to vary the cresstion geometry of W weir
over time using a trapezoidal shafe set up &W 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-adfch weir. Variable weir channels
must be specif.ied as type fAVWO
In the 1d_nwk layer, the folleing attributes are required:
9 ID = ID of the channel
Type = "VW*,
Len_or_ANA = Nominal length in m (only used for calculating nodal storage if UCS;is on)

1

1

1 US_Invert =-99999 (the invert level is specified in the .csv file discussed below)
T DS_Invert =-99999 (the invert level is specified in the .csv file discussed below)
1

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

1 Height Cont = Trigger Value (the upstream water level to trigger the start dhithes;
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 founteditivéng 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 thiteeo The labels for the columns are optional.
(i) Time from start of breach in hours.
(i) Weir bed level in metres.
(iii) Weir bed width in metres.

(iv) Side slope (enter as the vertical distance in metres for one metre horizdraal)
example, a value of 0.5 means gegl@f 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 atlde5period of time for the erosion
is 0.5haurs.

Although in most cases the weir is eroded, the weir can also be raised/accreted as well or a combination
of the twa Simply enter the change over time using as many rows as needed.

The original W weir approach is adopted for calculating the flow$setion5.7.3.9.
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E3 Microsoft Excel - WV.xls [Read-Only]
i3] Fle Edit View Insert Format Tools Data

FlashPaper Window Help

! AdobePDF  TUFLOW Tools .2 .
Eljﬁlgh‘a‘|‘-=‘|ﬂ.|_L'i§a*|"'I!:lEvl[ﬂ1|:n:|-=;f=. ,@Egm - B
12 ! By ! Yok !  Activesheet to csv Entire Workbook to csv -
D7 v A
A | B | C | 0 | E —
Time from Breach Bed Level Bed Width > 0¢ 3!0P® I
(h) (m) (m) (1 horizontal to
1 X vertical) g
2 0 270 0 0c
. 0.5 254 20 0:
4
; v
<> v/ |< 3l
Ready
L TUFLOW
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5.7.4 Spillways (SP)

Spillways (6SP&6) wer e i-h2raeasd, and may alfode used im eperdtionall O W
mode as a gated spillway (see Sectidi). Spillwaysmay also be simulated and operated as Q or QO
channels where the user provides the stage discharge relationships (see 5&&2tiand
Section5.9.2.9. The 1d_nwk attributes are presented @ble5-11.

Spillways use the same equation asafitvanced weirs (Sectién7.3.3. For ungated spillways (ie. SP,
nonoperated spillways) the same parameters as for Ogee Weireatefault (se@able5-8), except
for Cd, which is fixed with the default value of 0.75. For Ogee Weirs @calculated every timestep
(see Sectioh.7.3.3.). The 1d_nwk attributes ihable5-8 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 channelefer to Sectiorb.9.2.5.

SPand SPCchannels can also drown out as per the submergence curves for advanced weirs.

5.7.5 Sluice Gates (SG)

For sluice gatesefer to Sectiorh.9.2.4 The same approacplies as for SGO operated gates, except
that the gate is assumed to be in a fixed position based on the 1Heigtk or WFattribute value.
The 1d_nwk attributes are presented able5-11.
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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 chanrel This is particularly important where:

1 There is no change in velocity magnitude and direction as water flows through a strircture
this situation, there is effectively no entrance (contraction) or exit (expansion) losses and the
losses need to be natkd to zero Examples are:

0 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 titere
significant bend or change in grade.

1 There is a change in velocity, but the change does not warrant application of the full entrance
and exit lossThis is the most common case where the application of the full entrance and exit
loss coefficients {pically 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 intelade
where the velocity transitions from still water to fast flowing and to still water.

The entrance and exit losses are adjusted according to the equationgcb&d&er into account the
change in velocity caused by the structure. The first equiatempirical, while the second equation to
adjust exit losses can be derived from first principles.

Vapproacﬂ
VstructureH

Centrancgadjusted‘ Centranc -

_ € departur(,g
Cexit_adjusted‘ Cexn el
e Vstructureu

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

As the structure velocity approaches theoming andor outgoing velocities, the loss coefficient
approaches zeroWhile, when thencoming and/oroutgoingvelocity approaches zeree(water is
leaving/entering a large body of water), the loss coefficients approach their full value.

Tullis and Robinson @08) provide an excellent proof for the need to adjust losses for different flow
regimes using the exit loss equation aboVée paper benchmarks different exit loss equations used
within the industry methods against experimental flume test results.

The ajustment 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 (ie. Regimes D, E, F, H and J irigure5-2), and the adjusted exit loss is
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only influential where the flow is downstream controlled (ie. Regimes D, F, H and J (subcritical at exit)
in Figure5-2). For bridges, the application varies as discussed below.

If Structure Losses= ADJUST EXCEPT BG TABLES (default), the adjustment of the losseslys

applied to culverts and B bridges with automatically generated loss tables using the 1d_nwk Form_Loss
attribute (sedable5-5). There is no adjustment fortBidgeswith a user specifie8G or LC energy
losstable becausdridgeenergy losesare most often based on coefficients from publications such as
Hydraulics of Bridge Waterway$B(adley, 1973 that have already tek into account the effects of
contraction and expansion.

For BB bridges (Build201603-AA or later), the LC table should only represent pier and submerged
deck losses (see Sectibry.2.9, as the adjustment of entrance and losses every timestep as per the
equations above is always applied irrespective ofStihecture Lossesetting. The equations above
conform with the approach for determining contraction and expansion lospablications such as
Hydraulics of Bridge Waterways.

For B bridges and culverts, tructure Lossefs set toRADJUSTO, or A A0 has been sp
1d_nwk Type attributeeg. BA, CA, IA or RA) the entrance anekit losses are adjusted according to

the equationsibove. For B bridges, because entrance and exit losses are combined adosse

coefficient, the entrance and exit lagsmponentsare proportioned onrthird / twothirds respectively

when applyingtie above equation§or the new BB bridge, entrance and exit losses are always adjusted

as per the equations above and3hrecture Lossesetting is not relevant (also see Section2.4).

The selection of the upstream and downstream channels on which to base the approach and departure
velocities is as follows:

1 The upstream channel is determined as the channel which has a positive flow direction into
the structurevhoseinvert isclosest to that of the upstream invert of the structifireo 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 positiveefitiandi
to that of the structure.

1 The downstream channel is selected on a similar basis to that for the upstream channel.

1 The selected upstream and downstream channels are listed in the .eof file feheokssg
(search for APrimary Channel 0) .

1 X channe$ can be used to connectditionalchannels 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 zatowing this featureto 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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1 Any bend or addibnal loss for a culvérentered using the Forrhoss attribute in the 1d_nwk
layer. This coefficient can be used to apply additional losegspft or bend losses) that are
not affected by changes in the relativity of the approach/departure and stugbtaites.

1 Any additional loss coefficient componefdr BB bridges entered using the Form_Loss
attribute in the 1d_nwk layefThis coefficient can be used to apply additional loseg9l(er
losses) that are not affected by changes in the relativitye@pproach/departure and structure
velocities.

9 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 thisption 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 domdirfor further informatiorsee thigdf presentation

If Structure Losseis set to FX , or AFO0O has been specidgiBE,€CF IFn t he
or RP), the loss coefficientfor B bridges and culver@are not adjustedFixing the entrance and exit
losses for BB bridges is not availalileise a B bridge instead.

The variatimm in time of the loss coefficients can be viewed using the _TSL output layer (see
Sectionl3.2.3.

If there is a manhole at the culvert end, a manhole energy loss approach (see5Segtfjois used
instead of the culverts contraction/expansion loss, and the above description does not apply.

This pdf of a presentatiqorovides 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 channedl{ysustructure) based onuaer
specifiedflow matrix. To set up M channels follow the steps below:

1.
2.

In the 1d_nwk layer, populate the required attributes as showaie5-11.

Create the flow matrias shown irthe image below and export the file to .csv using the Save csv
tool. The .csv file is referenced in the 1d_nwk Inlet_Type attribiNetes using the example in
thebelowimage are:

a)

b)

d)

TUFLOW searches through theegtt 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 AfgJlowed byupstream depth values
(in the directiorthatthe channel is digitised)The depth values aezlded to the channel invert
to set the water level.

The next rows have the downstream depth in ColumnFows are listed in the adjacent
columns relating to the above upstream depth value (Row 3)

Note at present the matrix must be square and thati/fhand 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 verahaglow 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 aéff;"..\UD_Q.csv | \UD_A.csv").

The factor value in the A3 cell is not usedhe flow aea matrix(the value in the flow matrix
is however used tdactor 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 otheelshag.
adjusting structure losses)

If an area matrix is not provide@UFLOW will calculate the area based on thannel vidth
multiplied by thepBlockageand theaverage of the upstream and downstream depths.
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E3 Microsoft Excel - UD.xls [Z|E|g|
@ Fle Edit Wew Insert Format Tools Data FlashPaper Window Help Adobe PDF  TUFLOW Tools V.2 -8 X
F0) G50 (30 i e s Bliv s B == m) oA B
@ ! E Py ! g;ﬂ ! ActiveSheet to csv Entire Workbook to csv !
114 A fid
A | B | ¢ [ b [ E [ F | 6 | H | I

1 |UD Channel Flow Matrix Example

2 |y2 y1

3 T 0 0.2 0.3 0.4 0.5 0.6 0.7 0.8

4 0 i 0.1 05 0.7 0.9 1.1 1.3 1.5

5 0.2 -0.1 0 02 0.5 07 0.9 1.1 1.3

6 0.3 -0.2 -0.1 1] 0.2 05 0.7 049 1.1

7 0.4 -0.3 -0.2 0.1 0 0.2 05 07 0.9

b 0.5 -04 -0.3 -0.2 -0.1 0 02 04 07

9 0.6 -0.5 -0.4 0.3 -0.2 -0.1 0 0z 04

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

419 v
M4+ HMPBUDS < >
Ready

The default method for interpolaginto the matrix is Method BT he previous method (pre BuiD12
05-AB) utilises Method A which can be enabled using the .ecf commathannelApproach==
Method A orDefaults== Pre 2012 For further information refer to the release notes for the 2012
release or contacupport@tuflow.com

5.8.2 Q Channels (Upstream Depth-Discharge Relationship)

Q channed are used to modébw througha chanrel usingan .ecfDepth Discharge Databasdhe
Depth Discharge Database is the samh@Bit Inlet Databasased for Q pitswith the same database
used for both Q chnels and Q pitsRefer to SectioR.

In the 1d_nwk layer, the following attributean be used to set up a Q charfaldo sed able5-11).

ID = Unique GhannellD.

1

1 Type=A Qo .

1 US_Invert =Elevation corresponding to zero depth in the dejisbhage curve.

1 Inlet_Type =Thedepthdischargeurve in theDepth Discharge DatabagePit Inlet Database
This isanalogoudo a Q pit (se&ection0). Note that the flow is automatically adjusted for
being drowned out using the Bradley relationship for weirs (see Séctidor Figure5-3),

and if the flow reverses the same depth dischaungee is used.

1 Width_or_Dia= For Q channels can be used as a flow multiplignis is useful if the depth
discharge curve is a unit flow, ie. flow per unit width. Therefore, if the discharge is unit flow
specify the width of the flow, otherwise specdyalue of 1.0 (noting that a zero value is
treated as 1.0).

1 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 thdlovajpath They are digitised
as a line or polyline wit.hNootheaattribates aravrequied S | ayer

Use of an X connector has the advantage of allowing different endsgogns (see Sectidnl0.9

or WLLs (see SectioB.5) to be specified for the side channel, rather than using the enesexdgm

on the main channelThey can also be used in pipe networks to ensure that the angle of the inlet and
outlet culverts hasden digitised appropriately as this influences the manhole losses calculated when
using the Englehund loss approach (see Sebtibh5.4.

The direction of the X Connector must be digitised starting from the side chadreziding at the main
channel If two or more connectors are used at the same locatoio(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, gradientifte 6 G6) and nor mal (type 6bl ank
in the current release of TUFLOWSloping ( t y p eopedcBainels are the preferred method of
modelling open channels as it incorporatesflow regimescovered by normal and G channels, and

include the additional ability of handling supsmitical flow. Refer to Section5.6 for further

information

A normal flow channel is defined by its length, bed resistance and hydraulic prop@&tieshannel
can wet and iy, however, for overbank areaesg(tidal flats or floodplains) ®r Schannels should be
used For steep channels that may experience supercritical flow, use S chaNotts For open
channels it is recommended to use the S Typar the reasons giverabove

A gradient channel has been designed for overbank areas such as tidal flats and floodplains

upstream and downstream bed invert attributes must be specified to define the slope of the channel
They are similar to normal channels, except wihenwater level at one end of the channel falls below

the channel bed, the channel invokes a-tremrfall algorithm that keeps water flowing without using

negative depthsThe al gorithm takes into account both ¢t
cortrolled 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 1D Model Network (1d_nwk) Attribute Descriptions (Special Channels)

Default GIS
Attribute Description

Name

Command

1 ID Unique identifier up to 12 charaes in length It may contain any Char(12)
character except for quotes and commas, and cannot be Blarsk
general rule, spaces and special charackgré0 ) s houl d b
although they are accepte@ihe same ID can be used for a channel an
node, btino two nodes and no two channels can have the same ID.

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

2 Type The channel type as specified using the flageaible5-1. Char(4)

For X (connectors), no other attributes are required.

3 Ignore If a ATo, Ato, AYO or AyoOo is sp| Char(d
True and Y for Yes) Any other entry, including a blank field, will treat
the object as active.

4 UCs I f 1l eft blank or set to Yes (A Char(1)
(Use Channel| based on the width of the channel over half the channel length is asg
Storage at | to both of the two nodes connected to the chanifisket to No( i N o

nodes). Aind) or False (AFO or AfO), t hid
node 6s. SedSectioasgle.1for further discussion.

5 Len_or ANA [Only used in determining nodal Float
or .fN®tdaised in conveyance calculations.

6 n_nF_Cd | M, P,Q Channel Type Float
Not used.

SG, SP Channel Type

Dischapge coefficient for the structure if using a fixed coefficielithe
value is less than or equal to zero, the default Cd value of 0.6 for SG
0.75 for SP is used.

7 US_Invert | M or P Channel Type Float
Invert level of channel.

Q Channel Type
US_Invert sets the level from which the upstream depth is to be
calculated for interpolation into the deplfscharge curve
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SG Channel Type

The higher of US_Invert and DS_Invert is used to set the structure ¢
or invert.

SP Channel Type:

Sets the spillay crest

optionally flow area matrix file See Sectios.8.1

P, SG, SP Channel Type:

Only used to specify the name of the <control_id> forcgtires
controlled using operatingrulee(t ype fAPOO0, ARGOO
The <control_id> is referenced within the .toc file and specifies whic}
rules are used to operate the chanffer to Sectio®.8.

Q Channel Type (for QO see further below)

For nonroperated Q channels the name of dafiitharge curve in a
depth discharge database (identical approach to inlet Q BitQ)
channel is distinguished from a Q pit, in that a Q channel is a polylin

the 1d_nwKayer and a Q pit is a point objech depthdischarge

8 DS_Invert | M Channel Type: Float
Invert level of channel is taken as the maximum of US_Invert and
DS _Invert.
Q Channel Type
Used toset to the invert of the joining channel downstreatherwise nof]
used.
SG Channel Type
See comments abote US_Invert
SP Channel Type
Sets the level of the gate seat (if SP is operaed,SPO channel).
9 Form_Loss | M, P,Q, SPChannel Type Float
Not used.
SG Channel Type
If no weir is specified in the Type attribute, it is assumed that the gat
seats on to the bottom of the chanriebr this case the flow calculations
where the gate is not surcharged uses$-thren_Lossattribute to apply an
energy loss to the structure to represent contraction/expansion losse
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 6s ded asper the pBlockagavalee. r ¢
11 Inlet_Type | M Channel Type: Char
The relative path to the flow matrix file (must be a .csv file), and (max 256)
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database is the same as a pit inlet database as used for Q pits, and
same database file can be used for both Q channels and Qlpitaew
.ecf commandepth Discharge Databaaad the existing commarkit
Inlet Databas@erform the same functiorNote that the depth dischargg
curve is depth (not water elevation) and the depth is taken as the up
water lee | l ess the Q channel 6s i ny
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 chanrigtse
Section5.8.1
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 provide@gfer to
Inlet_Typeattribute above
Q Channel Type(for QO see further below)
A multiplier applied to the flow interpolated from the deglischarge
curve Particularly useful if the discharge values are per unit width (
m?/s or f€/s). If set to zero (0), the mutlier is set to one (1).
QO Channel Type
Used to determine the flow area at different stages by multiplying by
upstream depthThe area is used to determine the velocity that is out
otherwise, it does not play a role in the hydraulic calcutatio
SG, SP Channel Type
The width of the gate/spillwayThe flow area is assumed to be
rectangular in shape.
15 | Height_or_WF| M, Q Channel Type Float

Not used.

P Channel Type

Can be used to set the pump flow capacity for operated puenpsRO
channel). The pump capacity can also be set and changed during the
simulation using the operating control commandseful where the
operating control definition is generie, 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 positidihan underlying
weir is specified, the weir is assigned a coefficient adjustment factor
1.0, which cannot be modified using this attribute.

SPO Channel Type
For an operated (¢gd) spillway (SPO), sets the vertical height of the ¢

in its fully open position The fully open height can also be changed
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during the simulation using the operating control commands (this is
useful where the operating control definition is geneeimon-structure
specific) Not used if channel is neoperationalje. a SP channel.
16 Number_of | P, SG, SPChannel Type Integer
The number oparallel channelslf set to zero, one barrel is assumed
M, Q Channel Type:
Number ofparallelchannelsflow 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.
SPChannel Type:
Weir flow coefficient, G, in its dimensionless form as in the equation
below. If less than or equal rero the default value fapillwaysin
Table5-8 is used Entering a value greater than zero (0) will override
and apply a fixed £
Note that published coefficients may be based on othedimensional
or dimensionaldrms 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
0 -6 66 ¢QO
RG, SGChannel Type
As for the weir channedh Table5-9 if a weir has been specifiedd.a
ASGWBO channel).
18 | WConF_or_W| M, Q Channel Type Float
Ex Not used.
SPChannel Type
Weir flow equation exponent Ex in the equatfonHConF_or_WC If
less than or equal to zero thefault value fospillwaysin Table5-8 is
used ie.1.5.
RG, SGChannel Type
As for the weir channeh Table5-9 if a weir has been specifiedd.a
ASGWBO channel).
19 | EntryC_or_WS M, Q Channel Type Float

a

Not used.

SPChannel Type:

Sets the submergence factor fia
calculating the submergence factar. Gf less than or equal to zero the
defaultvalue forspillwaysin Table5-8 is used

0] P O
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RG, SGChannel Type
As for the weir channeh Table5-9 if a weir has been specifiedd.a
ASGWBO channel).

20

ExitC_or_WSb

M, Q Channel Type
Not used.

SPChannel Type

Sets the submer genc eweif flowdquation fi b
above for calculating the weir submergence factar I€less than or
equal to zero the defawlalue forspillwaysin Table5-8 is used

RG, SGChannel Type
As for the weir channeh Table5-9 if a weir has been specifiedd.a
ASGWBO channel).

Float
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5.9 Operational Channels

Gated rectangular culverts, pumps, sluice gates, gated spillwaysand Q channels can bperated
using logical scriptsA n  firgpéflag is requiredvithin theld nwk layeifor structures that are to be
operated using an operating control definitidror example, an operated pump would have a Type
attribube a@aOPBPOO

Operating rulesre contained within a .toc fil@ UFLOW QOperationsControl) 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 referenceusingRead Operating Controls Fida the .ecf file or via the .tcf

file within aStart 1D Domairblock orbypre c e di ng t he command with @Al1Do

The operating rules for a control can only occur withitoe 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 structuréme-series data is output to th&d_O.csv file The file reports the time varying
status of the structure and the resulting flow.ratalues of user defined variables and other information
are also output to this fileThis is discussed in greatestdil within ®ction13.2.2

5.9.1 .toc File Commands and Logic

59.1.1 Define Control Command

A .toc file can only contaibefine ControlandEnd Defineblocks.

EachDefine Controimust include a keyword indicating the type of structure/device as per below:

Define [ Culvert |Pump|Q Channel|Sluice| Spillway  |Weir ] Control == <control_id>

é .
End Define
Where<control_id> is a unique control definition napmoting that mee than one structure can refer
to the same operational control definitioffor example, several pumps of different capacities may
utilise the same operational control logithe 1d_nwk Inlet_Type attributes used to link a @ntrol
definition with the sructure

Within the control definition, commands specific to the type of structure/device can be used to adjust
t he struct ur e./Tdeecammandstagailablgfer eagah typeaf control are described below.

EachDefine Controblock consists of three sections:

4 The default setti ngs. Theseare ishadly placed &t the tbpdos thec o mma
definition and prior to the logical rulesThese default settings are useat the start of the
simulation/ogration 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_8 to 1 ! Define the sget of commands for "P_& to 1"

! Default Settings

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 Sets the wariable 'wday' to a day of the week

! Provide Logic

IF wday »>= MON AND wday < =FRI ' If the day of the week is Mon - Fri
IF t > 6 BND t < 18 ! If the simulation time is between 0600 and 1800hrs
Pump Capacity == 0.1 ! Sets 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 simualation time is between 1000 and 1600hrs
Pump Capacity == 0.1 ! 5ets the pump flow to a constant 0.1 m3/s
Pump Operation == CN ! S5ets the pump to on
ELSE
Pump Cperation == OFF ! Set 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 | féEnd | f bl ock, it is treated as
<variable> == <variable_value>

Where<variable> is the variable name, while <variable_value> must conform to one of the options in
Table5-12. Any characters can be used for the variable name, but it is recommended to use only letters,
numbers and wterscores and to avoid spac®ote that variables can be redefined at any pointinvith

the control definition Also note that these variables only apply to the confol global variables, use
the Set Variabldeatue.

Table 5-12 Variable Value Types

Variable Value ‘ Description ‘

constant Sets the variable to the value of <constarittust be a number.

Time of Model | Sets the variable to the simulation time in hours.

Time in 24H Sets the variabl® the simulation time in hours on a 24 hour claekwill
always be between 0 and 24 hour8)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 Saturddhes
keywoSuwmsd,A AMono, ATueodo, #AWed?o, AT
when using the variable in a logic rule
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Variable Value ‘ Description ‘

Period No Changgq Sets the variable to the time in hours since there was last a change in operé

H1D <node_id> | Sets the variable to the watewel at the 1D node named <node_id>.

Q1D <node_id> | Sets the variable to the flow in the 1D channel named <channel_id>.

H2D <x>,<y> | Sets the variable to the water level at the 2D cell located at the XY coording
<X>,<y>

H2D <2d_po_ID>| Sets thesarialle to the water level at the 2D plot output location given by the
output ID.

HU Sets the variable to the 1D water level at the upstream node of the channel,
on the digitised direction of the channel.

HD Sets the variable to the 1D water leaethe 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 chaniiebe
negative ifflow is in opposite direction to digitised direction.

H1 Sets the variable to the upstream water level of the channel based on the fl¢
direction.
H2 Sets the variable to the downstream water level of the channel based on the
direction.
dH12 Sets he variable to the difference in water level between the upstream and
downstream nodes based on the flow direction of the chalvidllalways be
positive.
YU Sets the variable to the depth above the structure invert of the upstream no

based on the ditised direction of the channel.

YD Sets the variable to the depth above the structure invert of the downstream
based on the digitised direction of the channel.

Y1l Sets the variable to the upstream depth relative to the structure invert base
flow direction.

Y2 Sets the variable to the downstream depth relative to the structure invert ba,
the flow direction.
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5.9.1.3 Logic Rules

The | ogic rules consist of wusing |IféEnd I f block
If <condition_1>[[and | or] <con dition_2> ] [ [ and | or ] <conditio
éenter one or more commands or variable definition | ine

[ Else If <condition_1>[[and | or] <condition_2>] [[and | or ] <condition_3>

] é.

éenter one or more commands or variable definition | ine
[Els e | férepeat as needed]

éenter one or more commands or variable definition | ine
[ Else

éenter one or more commands or variable definition | ine
End If
<condition_1> must be a conditional operation th

fi < = Dhe left and right sides of the condition must be a single value or a variable Qgtienally
the variable may be operated onthgfollowing:

T A A+, M* 0 or A/ o0.RBad aexampbéanad wahdieti on co

1 Speciyi ng AHI GHERO or ALOWERO to compare the cu
at the start of the current period of no cha
be true i f the current val ue ek wasaobhangesin | es s
operation.

If more than one condition is to be applied, the conditions must be separaittcby n A and.0 or A«
<condition_2>, <condition_3>tc. have the same format as for <condition_1> above.

| féEnd | f bl ockisde amt tber nlefndeRimigistiorigly fedorancekdstt
makethe control file easier to read.
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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.

1

Define Pump Control == P_8 to 1 ! Define the set of commands for "P_8 to 1"

! Default Settings
Pump Operation == OFF ! 52t 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 WEEEK ! Sets the wvariable 'wday' to a day of the week

! Provide Logic

IF wday »>= MON RND wday < =FRI ! If the day of the week i=s Mon - Fri
IF ¢t > & BRND t < 18 ! If the simulation time is between 0600 and 1800hrs
Pump Capacity == 0.1 ! Sets the pump flow to & constant 0.1 m3/=
Pump Operation == ON ! Sets the pump to on
ELSE
Pump Operation == OFF ! St 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/=
Pump Cperation == CN ! Sets the pump To on
ELSE
Pump Cperation == QFF ! Set the pump to off
END IF
END IF
End Define
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The xample 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
DepartmentWales).

1

Define Pump Control == PG Pump

! Define the set of commands for "PG Pump™
! Default Settings
Pump Capacity == 19.3 ! Sets to flow capacity of the pump to 19.3m3/s
Pump Operation == COFF ! Set the pump to off

Period Startup/Shutdown (min) == 10 ! Set a 10min period in which the pump takes to gtariup/shutdown

! Set User Variables
H2D 275300, 286250 ! Set the wvariable to the water level at the 2D cell located

h Reservoir =
! at the specified coordinates

! Provide Logic
IF h Reservoir > 337.4

When the water level at the 2D cell exceeds 337.4mAHD...

Pump Cperation == ON ! Set the pump to on
ELSE IF h Reservoir < 337.3 ! When the water level at the 2D cell is lower than 337.3mAHD...
PUMP Cperation == OFF ! Set the pump to off
ELSE ! For all other situations...
Pump Cperation == WO CHANGE ! Make no change to the operation of the pump
END IF
End Define
!
Define § Channel Control == { Release ! Define the set of commands for " Release”

! Default Settings
Period Cpening/Closing (min) == €00 ! Sets a 600min period in which the gate takes to open/claose
Gate Opening == CLCSE

Sets the gate to closed

! Set User Variables
h Reservoir == H2D 275300, 286250 ! SBet the wariable to the water lewvel at the 2D cell located
! at the specified coordinates

period no_change == PERIOD NO CHANGE ! Define a wariable for 'PERICD NC CHARMNGE'
wait_period rise == 1 ! Sets the wvariable 'wait period rise' to a constant of 1
wait_period fall == 1 ! Sets the wvariable 'wait period fall' to a constant of 1

! Provide Logic
IF period no change < wait_period rise ! If the last time there was a change in operation of the
! gate is less than the constant for wvariable 'wait period rise’

Gate Cpening == NO CHARNGE ! Make no change to the operation of the gate
ELSE IF h Reservoir > 337.5 AND h Reservoir == HIGHER If the water level at the 2D cell is greater than 337.5mAHD and
Gate Cpening == ++10 ! Increase the gate opening by 10m

wait_period rise == Set the wvariable 'wait period rise' to a constant of 1

1
3

wait_period fall == Set the wvariable 'wait period fall' to a constant of 3

ELSE IF period no_change < wait_period fall If the last time there was a change in operation of the

gate is less than the constant for wvariable 'wait period fall'

NC CHRNGE

Gate Cpening =
ELSE
Gate Opening == --10

Make no change to the operation of the gate

Decrease the gate opening by 10m

wait_period rise 1 ! Sets the wvariable 'wait period rise' to a constant of 1
wait_period fall 1 ! Sets the wvariable 'wait period fall' to a constant of 1
END IF
End Define
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5.9.2 Types of Operational Structures
5.9.2.1 Pumps (P and PO)

Pumps can be mod étjpOaahnedlrsnoreoperational mode (P channel), the pump

flow is interpolated from a head discharge curve inQketh Discharge Databadefinedvia a head
differenceversusflow relationshipi seeSection0. 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 attributean be used to set up the pufalso sed able5-11).
1 ID = Unique GannellD.
Type=fiP0 or A POO.

1

1 US_lInvert =Intake elevatiorof the pump.

1 DS_Invert =Outlet elevation of the receptor.
1

Inlet_Type =The pumpdischargecurve in theDepth Discharge Databasd&his curve is a

head difference versus discharge cutherefore, for a pump this curve would usually have
greater flows for smaller head differences. If the head difference is negative (ie. the receptor
water level is below the intake water level) the discharge used is that for a zero head difference.

f Width_or Dia= Di ameter of the pumpébés outl et pipelnh
below) and for calculating the velocity.

1 Height_or_WF= For PO pump the initial operating pump capacity (subject to not being
overridden by an operational control coamm).

1  Number_of= Number of pumps.

P and PO pumps are simulated as dry (zero flow) if the upstream node is dry or the upstream water level
is below the intake elevation plus the output pipe diameter, ie the upstream (intake) water level is below
US_Invet + 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 umpsare typicallyoperatedon a time basis or bas@w hydraulicconditions elsewheri the
model. Operational control commansigecific to theDefine Pump Controcommandare provided
below Subject to not being overridden by an operational control command, PO prergssumed to
be OFF at the start of the simulation.

1 Pump Operatioturns the pump on or off.

9 Period Startup/Shutdovsets the time taken to start the pump up or shut indow

1 Pump Capacitgets the flow capacity of the pumft is possible to set a constant flow rate or
a headdischarge curve referenced within thepth Discharge Database

1 Pump Numbesets the number of pumps in parallel.
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5.9.2.2 QO Channels

For QO channelsdepth discharge curves for different structure openings is used to vary and control the
discharge. The relationships are containedasawaile in a similarformat as used for M channdiee
Section5.8.). Th e

verti

cal

axi s

S

t he

depth
percentage opening as shown in the example béfothe example, Column A contains the depth above

above

invert values and Row 2 the % opening valubiste tha the value in cell A2 is a flow multiplierlf
this value is empty, negative or set to zero (0), a multiplier of one (1) is d$edflow through the
mestep

channel is interpolated from this taldee a ¢ h

depth abovéheinvert

=

0.0
7.0
7.2
74
7.6
7.8
8.0
8.2
8.3
8.4
8.6
8.8
9.0

W0 |~ (|| jw M

==
Bw (M= e

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
0.00

5

0.00
2.90
2.91
2.92
2.92
2.93
2.54
2.94
2.95
2.95
2.96
2.98
2.97

10

0.00
2.87
5.89
5.50
3.92
5.93
5.54
5.96
5.597
5.97
5.99
6.00
6.01

20

0.00
10.97
11.00
11.02
11.05
11.07
11.09
11.12
11.13
11.14
11.17
11.19
11.21

30

0.00
16.14
16.18
16.22
16.26
16.30
16.33
16.37
16.39
16.41
16.45
16.48
16.52

ti

G

H

Opening (%)

40

0.00
19.50
19.94
15.58
20.03
20.07
20.11
20.15
20.18
20.20
20.24
20.28
20.33

50

0.00
23.64
23.69
23.74
23.79
23.584
23.89
23.94
23.96
23.99
24.04
24.09
24.14

60

0.00
26.82
26.88
26.94
27.00
27.06
27.12
27.18
27.21
27.24
27.30
27.36
27.41

70

0.00
29.24
29.30
29.37
29.43
29.50
29.56
29.63
29.66
29.69
29.75
29.82
29.88

based

80

0.00
32.00
32.14
32.21
32.28
32.36
3243
32,51
32.54
32.58
32.85
32.72
32.80

a0

0.00
33.90
33.98
34.06
34.14
34.22
34.30
34.37
34.41
34.45
34.53
34.61
34.68

In the 1d_nwk layer, the following attributean be used to set up a QO channel.

)l
1
)l
1

1

ID = Unique GhannellD.
Type =i QOO .

on

100

0.00
33.36
35.45
35.53
35.61
35.69
35.78
35.86
35.50
35.54
36.02
36.10
36.18

US_Invert =Elevation corresponding to zero depth in the dejgbharge curve.

Inlet_Type =The .csv file ontaining the matrix of flows for different openings and upstream

water level as per discussion above.

t he

t he

stru

Width_or_Dia= Not used other than to estimate the velocity and contribute to nodal storage.

The following commandarespecific to theédefine Q Channel Contreommandised for QO channels

1
)l

5.9.2.3 Gated Drowned Rectangular Culverts (RO)

Rectangular culverts with a gate on the exit can be operated using the .toc commands bélefwfer a

Gate Speedets the speed at which the gate moves

Period Opening/Closingets the time taken teansition from zero to 100% openingvice

versa.

Gate Openincets the position thepeningto be operated towardsThis can be specified

incrementally or as an absolute value

Culvert Controlblock. The command is applicable foperated ectangular (R®) culvertsonly, and
uses the eqtian below as implemented into TUFLOW for a project based in Floriiee equation

TUFLOW USER Manual i Build 2016-03-AA

AL TUFLOW


http://www.tuflow.com

1D Domains 5-24

below is for UK Customary (English) Units, but RO culverts can be used in metric or UK Customary
units Note that the equation is for submerged culverts only, thergf@reser must ensure that the
culvertis drowned at all times.

2g(H —h)
[ 4, Y A, gn’lL
.

\{ 420 (1-22 g

) YE
A'(,- 1.49 Rn
Criteria: 7W = Heand HW = He

|
0=C,A, |

where (O = discharge (cfs);
(4= discharge coefficient;
Ap= area of the culvert flowing full (ft%);
Ag = the flow area underneath of the opening gate (ft);
@ = acceleration due to gravity (32.2 fi*/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 (ft);
' =h— culvert invert elevation at tailwater side (ft);
(ro = gate opening (ft);
Hg = gate height (f1).

Discharge coefficient of 0.75 is used for STA 3/4 culverts.

Gate Typesets the type of gate arrangement

Gate Speegets the speed at which the gate moves

Period Opening/Closingets the time taken to fully open a closed gate or to fully close an open gate

Gate Height Fully Opesets the height (not elevation) of the gate when fully open abogedhe e 6 s s e a't

~

for vertically movinggatel f not set, the 1d_nwk AHeighto attri

Gate Width Fully Opeisets the width of the gate(s) when fully open for horizontally moving géftes
notset,theld nve AWi dt h_or Diad attribute is used.

Gate Openingets the position the gate is to be operated towdrdis can be specified incrementally
or as an absolute value

Cd sets the discharge coeifentCy in the equation above.

5.9.2.4 Sluice Gates (SG and SGO)

Sluice gates can be operated using the .toc comnfiarider below for aDefine Sluice Control block.
The approacto calculating the flovthroughthe gate is &sed on thalocumented in the HERAS 4.0
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Reference Manuals describetelow. For nonroperated sluice gates (SG) the gate is assumed to be in
a fixed position based on the 1d_nidkight_or_ WHFattribute value.

For a free flowing sluice gate, ie. upstreaomtrolledQ is calculated using:

™

0 0 wd ¢
Where

0 Discharge

0  Discharge coefficienipstream controlled flow (default = 0.6)
@  Width

0 Height of gate openingbove crest level

'O Upstream energy levélCrest level

For downstream controlled flaw
0 6wd YO
Where

0  Submerged discharge coeffici€default = 0.8)
YO Upstream energy leviélDownstream level

Transition between upstream controlled and full submerggmwastream controlled flow:
0 6 wé ¢BYO

Thetransition 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 aratio below0.67 upstream controlled flow appfieabove 0.8 downstream controlled flow and in
between the transition equation applies.

Note that by default the energy level is used for calculatinand YO, however, this can be changed
globally to water surface level usir@jructure Flow Levels= WATER or by usingthed E6 or fAHO
optional flag for the Type attribute (s&€able5-1).

When the flow is not in contact with the gate one of the following options apply:

1 One of the advanced weir types (see Sedi@rB.J can be specified for the sill by adding the
weirtypetotheld _nwk Type attpoi but @SGCe@gVBonaGWBaccenpt
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 (ie. WB, WD, WO or WR).

1 If no weir is associated with the SG chanrtbe 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 attributean be used to set up the SG or SGO channel.

1 ID = Unique GhannelD.
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Type=ASGO0 or ASGOO.
US_Invertand DS_Invert: The higher value is used for iheest

Width_or_Dia= Width of the gate

= =4 =4 =4

Height_or_ WF= Theheight above the sill crest of the gate when fully opdealject to not
being overridden by an operational contraenand).

1 Number_of= Number of(identical) parallel gates

The following lists commands specific to thefine Sluice Controacommands.

1 Gate Speedets the speed at which the gate nsove

1 Period Opening/Closinsets the time taken to fully open a closed gate or to fully close an open
gate

1 Gate Height Fully Opesets the height (not elevation) bktgate when fully open above the
gatebs seat for.lvferntaotcasldty, ntohved nlgd grawke fiHei g

1 Gate Openincsets the position the gate is to be operated towaftés can be specified
incrementally or as an absolute value

1 Cd Gatesets the discharge coefficient of the g&le
1 CdGateSubmergedsets the submerged discharge coeffici€nt,
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5.9.2.5 Spillways with Gates (SPO)

Gated spillways can be operated using the approach documented WrsAtieE Hydraulic Design
Criteria Sheet 31for Vertical Lift Gates on Spillways.

Forflow over the spillway unaffectelly a gate the following equation applies:

0 56 w0 ¢'Q0
o
Where 0 Discharge
0  Discharge coefficientdefault = 075)

@  Width of the spillway (rectangular crosgction assumed)
'O Upstream energy levélCrest level

NOTE: Cqprior to the 201603 release was based oft 5 [ f(@s per Sheet 312), with a
default Cq4 value of 0.5. As of the2016:03 release, SPO channels now use the same formula as SP
and weir channelsand use a default value of 0.75

The ratio of thegateddischarge to the ungated discharge is derived as:

o 0
[}

C-z| c
o | o

Where 0 Discharge coefficienfdefault =6 )
Ow¢ O See diagram below from Sheet 312

If QG is lessthanQ, 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 Séttioh

NOTE: Q=FREE-FLOW DISCHARGE AT
AD H

POOL EL_ Qu=DISCHARGE AT HEAD H AND
—— GATE OPENING Gg
GATE LIP EL Hi=Hz - Ggq
4 Hz
CREST EL Y G

¥
GATE SEAT EL

VERTICAL LIFT GATES
DEFINITION SKETCH ON SPILLWAYS

DISCHARGE COEFFICIENTS

HYDRAULIC DESIGN CHART 312
REV I1-68 WES |-68

REPARED 8 U. 5 ARMY ENGINEER PATERWATS EAFERIMENT 314 1IUN, VICKSBUHG, MISSISSIFRI
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Note that by default the energy level is used for calawgdtie H values however, this can be changed
globally to water surface level usir@jructure Flow Levels= WATERor by wusing the #l
optional flag for the Type attribute (s€able5-1).

In the 1d_nwk layer, the following attributean be used to set afsPO channel.Note that the 1d_nwk
values can be overridden by their equivalent operational control command.

1 ID = Unique GannellD.

1 Type=fA BOO .

1 US_Invert= Spillway crest levie
1

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.

1 Width_or_Dia= Width of the gate.
1 Height_or WF= The height of the gabove the gate seahen fully opened.

1 Numbe_of = Number of (identical) parallapillways

The following section lists commands specific to fregine Spillway Controcommands.

Gate Speesgets the speed at which the gate nsove

Period Opening/Closingets the time taken to fully open a closed gate or to fully close an open gate

Gate Height Fully Opesets the height (not elevation)bfe gat e when fully open a
for vertically movinggatel f not set, the 1d_nwk fAHeighto attri

Gate Seat Vertical Offssets the difference in height between the spillway crestlee seat of the gate
ie. the CREST EL minus GATE SEAT EL in the diagram above from Sheet 312

Gate Openingets the position the gate is to be operated towdrdis can be specified incrementally
or as an absolutealue This value is G in the diagram above from Sheet 312.

Cd Spillwaysets the discharge coefficient of the spilln@y. Default value is 0.75.

Cd Gatesets the discharge coefficient bétgateCes. By default assumed to be the saas€d Spillway
seeSheet 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_nwk attributes for noperated weirs (see Sectibry.3.3 the following criteria
is used to set the limiting dimensiovia the 1d_nwk attributeas follows:

1 Width_or_Dia = The width of the weir when fully open, or if the width remains unchanged
throughout.

1 Height_or_WF = The height of the weir wherdlywp. The invert of the weir (when fully
down) is set by the maximum of the US_Invert and DS_Invert attributes. Note that for
operational weirs this attribute cannot be used to set the Weir Calibration Factor (a value of
1.0 is used).

The followingarethecommands specific tbefine Weir Controlblocks for operating weirs

Weir Heightsets the height above the weir crest to operate towards.

Weir Width sets the width of the weir to operate towards.

Weir Width Speedsets the speed of the weir in the horizontal.

1
1
1 Weir HeightSpeedsets the speed of the weir in the vertical.
1
1

The generic command®peratiorand "Period Opening/Closing ==" also apply.
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5.10 Cross-Sections

Crosssection hydraulic properties tables may come from a number of sources:

9 Calculated using a crosection profile in a .csv or sirait formatted file.
1 A hydraulic properties table in a .csv or similar formatted file.

9 External sources such as MIKE 11 processed data .txt file®od Modeller.pro files.

Crosssection profile and hydraulic properties data are accessed using a@l& beyer and the .ecf
commandRead GIS Table LinksTypei XZ 0 i s speci f i eattiongrofila(distaecesi ng
versus elevation) and a type ACSO0 or Alevdion i s U S e
versus width)

Table5-14 presents the attributes required for the 1d_xs GIS .lagenumber of optional flags are
available for both AXZ0 and ACSO0 or OAHWO and are

External sources are defined using M DatabasandM11 Networkcommands Crosssections are

extracted using theld _nwk attributes Inlet_Type Conn_1D_2Dand Conn_No as described in

Table 5-2. The hydraulc properties table is automatically created from the external sourbe
conversion from these sources preserves all the hydraulic properties li$tdzies-13 including any
vertical wvariation i)waluéesed resi stance (Manningos
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Itis possible to let the water level at a cresstion 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 instabilitwitriggered SeeDepth Limit Factorfor 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 hydrg
properties apply.

Width n/a | Mandatory| The storage width in m.

Area A Optional | The effective flow area in fn If omitted, the area is calculated base
on the elevations and widths starting at an area of zero at the lowe
elevation.

Wetted P Optional | The wettedpberimeterin m. If omitted, the area is calculated based ¢
Perimeter the elevations and widths assuming a symmetrical channel.
Mannin N Optional | The variati on i n .Nbefaulvalnegsite n
Ma n ni n g 6 sssigneditoghe thhnmdl usiag the Manning_n
attribute.
Manni n F Optional |A mul ti plication factor that
Factor n value This option may be used instead of the N flag above.

Table 5-14 1D Cross-Section Table Link (1d_xs) Attribute Descriptions

Default GIS
Attribute Description

Name

Command

1 Source Filename (and path if needed) of the fidontaining the tabular data Char60)
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)

i X Z d&rosssection XZ profile (can include horizontal variations in
resistance) The firstcolumn is the distance column, and the second t|
elevation column Other optional columns are described under the Fl4
attribute below.

iCS0 or Crosk¥éotion hydraulic properties tabl&he first two
columns must be elevation and wid®ptioral flags are described undg
the Flags attribute below

3 Flags Optional flags are as follows: Char(8)
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Default GIS
No. Attribute
Name

Description

Type

Command

XZ Tables:

iRO, @ MO Therelativérésistance (Column 3) is used to vary
bed resistance value (Bprermi RyO :
flag for relati WMe féaigstancsef i
anNofi fl ag for a.Manningébés n val

fi P oThe position values (Column 4) are used to indicate whether ai
point is left bank (1), mainstream (2) or right bank (B)valies must be
entered as 1, 2 or Bee Section.10.1.1.4

fi A 0The addition values (Column 5) are used to raise or lower the :
valuei this is useful, for example, for modelling siltation or erosion of
crosssection, raising, or adding blocked rails to, a weir caEsgion, etc.
AEO orSpeToafy an AEO to use eff
area when calculating the flow area (see Se&itf.3andFlow Areg).

If neither is specified, the global value set usithgw Areais used.

CS or HW Tables:

A OFlow area (Column)3

P oWetted perimeter (Column) 4

F arfi N o0Veertical change in resistance (Column®s e AFO
mul tiplication factor .and ANO f
fi E oEffective flow width (Column 6)

o 1 S | S 1§

4 Column_1 | Optional Identifies a label in the Source file that is the header for thel Char@O0)
first column of data Values are read from the first number encounterg¢
below the label until a nenumber value, blank line ond of the file is
encountered
If this field is left blank, the first column of data in the Source file is uj
5 Column_2 | Optional Identifies a label in the Source file that is in the header for | Char@0)
second column of data
If this field isleft blank, the next column of data after Column_1 is us|
6 Column_3 | Optional Identifies a label in the Source file that is in the header for | Char@0)
third column of data
If this field is left blank, the second column of data after Columa_1 i
used.
7 Column_4 | Optional Defines the fourth column of data. Char0)
8 Column_5 | Optional Defines the fifth column of data. Char0)
9 Column_6 | Optional Defines the sixth column of data. Char0)
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Default GIS
Attribute Description

Name

Command

10 Z_Increment | Optional Sets the heigt increment in metres to be used for calculatin|  Float
hydraulic properties from a XZ crosgction profile If less than 0.01,
the increment is determined automatical®nly used for XZ cross
section data.

11 Z_Maximum | Optional Sets the maximum elation in metreso be used for Float
calculating hydraulic properties from a XZ cresection profile If less

than the lowest point in the cressction profile, Z_Maximum is taken g
the highest elevation in the profil®©nly used for XZ crossection data.

12 Skew Optional Adjusts the crossection properties for XZ and CS/HW data| Float
(in degrees) | according to the skew angl&seful where the crossection line is
surveyed oblique to the flow directioiThe skew angle is zero degrees
the directiorof flow and 90 degrees if surveyed a right angleto the
direction of flow For example, a value of 45 adjusts the horizontal
di mensions by dividing by the {
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5101 Ty p e @pHodadFlags

5.10.1.1 Relative Resistances

Varying the resistance across an @ffsetelevation)crosssection is possible by using either a tigka
resistance factor (R flagdifferent materialD values (Mflagor di f f er ent Manni ngés
These are discussed further in the sections below.

The relative resistaecvalue applies midway to either side of thea{ue (except the first and last X
values where it only applies to midway to the single neighbouriuglXe) The reason for this is that
material or n values can be correctly sampled from a GIS layer atithey points This is slightly
different from some other 1D hydraulic modelling software that apply relative resistance values from
the previous Xvalue to the current Xalue or from the current to the next

Sectionsofacrossect i on c am e Eriregatve eng) for a resistance vallidis
feature is particularly useful when developing a linked 1D/2D model where the 1Bseigms are
typically trimmed to the top of bank to avoid double counting of floodplain storage

The relative resistance factor (R) is a multiopld.i
the channel Wherever the R value changes across the @®stion, a new parallel stdhannel is

created The total convegnce for the whole crosection is determined by carrying out a parallel

channel analysis of all the sghannels This approach allows the variation in bed resistance across a
crosssection to be accounted for, and to force a parallel channel anadyfes sonveyance does not

decrease with height when the wetted perimeter suddenly increasaeghén overbank areas just

become wet).

If using effective area (see Sect®A0.9, an R of 1.0 must occur at some point inghafile to indicate

the primary sulchannel If a value of 1.0 is not found an ERROR 1070 occurs, as grossly incorrect
channel velocities can occur when using effective.aledh e Manni ngdés n value of
channel is that specified in the 1d_lnlayer for the channelThe primary sukthannel does not have

to be the lowest part of the cressction

I f using materi al values (M), t haMabwalsDefinigod s n v e
File (seeRead Materials File If the Positoni P60 f |l ag i s not wused, the mat
(crosssection bed) is used as the primary material, which then corresponds to a relative resistance factor

of 1.0. If no materialvalues are specified, a material value of one (1) is applied over the whole cross
section If the P flag and values are used, the primary material is determined as that at the lowest Z
value in the mainstream channel (see Se&i@f.1.1.3}.

When using materials, the nnF_Cd value in the 1d_nwk layer becomes a multiplier and should
be set to one (1.0) If justified, it can be adjusted for calibration purpos€sr example, if a slightly
higher resistance is desired alonghammel, rather than setting different material values, change the
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nnFCdvalue in the 1d_nwk | ayer to, say, 1-1 t
section by 10%.

A negative material values in the M column of a XZM crssstion table canow be specified to disable
(ie. block out or remove) sections of a creestion The negative value must be the negative of a valid
Material ID in theMaterials Definition FilgseeRead Materials FilandSecton 6.9).

Example

In thefollowing example theTUFLOW Tutorial Model {liscussed irsection2.4) will be modified to
demonstrate howla nni ngodés n val ues -sediygns laged @ndmsiwvghmehe t o
Materials Definition File

A n ﬁ M 0 f I a g | Info Toaol @

1d_xs layer referencing th source:| 14_xs_04 C13_012csv |
B . Type: | xz

crosssectional data of the ope Flogs: [ 9

Channel Column_1:

Column_z2:
Column_3:
Column_4:
Column_5:
Column_§:
Z_Increment: | g

Z_Maximum: | g

<o) 2x || List]_4d_xs_MO04_creek_012 -

An additional third column is A B C
then added tO the csV sour 1 Cross-section written from SMS
' 2 X z M
file, containing one or mor: 3 0 41.86 10
Material ID valuesfrom within 1| 0.660668 41.852 10
] o ) 5 | 154971 41.7583 10
the Materials Definition Fileln 6 | 6.59121 411738 10
the figure below, a Material IL 7| 6.74283 41.1564 10
i 8 9.27349  40.8554 10
of 10 has been assigned to 1 o | 9.27492| a0.8552 10
Wh0|e CrOSSECtion 10| 9.55985 40.6679 10
11 9.56812 40.6635 10
12 9.56985 40.6623 10
13 11.7945  3B8.9385 10
14 11.7945  3B8.9385 10
15 13.2116  38.9397 10
16 13. 118 38.9397 0
This correl at e A B C
value of 0.08 as shown in tt 1 Material ID Manning's n Infiltration Parameters |
) o ] 2 1 0.06
Materials Definition File 3 5 0.022
a 3 3
5 4 0.03
6 10 0.08
7
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Wh en us i nlggtadbfiee nfaterial vdluediten ik Cd o at t r i bubeeomésma t he 1
multiplier (refer toTable5-2). In most caseghis should be set to 1, as has been carried out for this
example

Once the model has been compjlad check of the Manni ngo-section val ue:
may be viewed in the _ta_tables_check(csfer toTable12-2).

Section XS00015 [xzM from Cols 1,2,3 in C:\TUTORIAL\Test_Models\TUFLOW\model\xs\1d_xs_M04 _C113_012.csv]

Point Distance Elevation Manning n Elevation Depth Width Eff Width Eff Area Eff Wet PeRadius  Vert Res FK (n=0.080)
1 1] 41.86 0.08 38.938 o 0.001 0.001 1] 0.001 1] 1 1]
2 0.661 41.852 0.08 39 0.062 4,825 4,825 0.28 4,795 0.059 1 0.5
3 1.55 41.758 0.08 35.1 0.162 5.11% 5.118 0.78 5.045 0.134 1 2.8
4 6.591 41.174 0.08 39.2 0.262 5.413 5.413 1.31 5.297 0.246 1 6.4
5 6.743 41.156 0.08 39.3 0.362 5.707 5.707 1.86 5.552 0.335 1 11.2
6 9.273 40.855 0.08 3%.4 0.462 6.001 6.001 2.45 5.81 0.421 1 17.2
7 9.275 40.855 0.08 39.5 0.562 6.295 6.295 3.06 6.071 0.504 1 24.2
) 9.56 40.668 0.08 39.6 0.662 6.589 6.589 3.71 6.299 0.588 1 32.5
9 9.568 40.663 0.08 39.7 0.762 6.883 6.883 4.38 6.53 0.671 1 41.9
10 9.57 40.662 0.08 39.8 0.862 7.177 7.177 5.08 6.772 0.75 1 52.5
Bed 11.754 38.938 0.08 35.9 0.962 7.471 7.471 5.81 6.984 0.833 1 64.3
Bed 11.794 38.938 0.08 40 1.062 7.765 7.785 6.58 7.209 0.912 1 77.3
13 13.212 38.94 0.08 40.1 1.162 8.059 8.059 7.37 7.444 0.99 1 91.5
14 13.218 38.94 0.08 40.2 1.262 8.331 8.331 8.19 7.668 1.068 1 106.9
15 13.961 38.94 0.08 40.3 1.362 8.602 8.602 9.03 7.895 1.144 1 123.5
16 16.444 38.943 0.08 40.4 1.462 8.874 8.874 9.91 8.125 1.219 1 141.4
17 16.445 38.943 0.08 40.5 1.562 9.145 9.145 10.81 8.355 1.294 1 160.4
18 18.362 40.104 0.08 40.6 1.662 9.416 9.416 11.74 8.589 1.366 1 180.7
19 18.364 40.106 0.08 40.7 1.762 10.192 10.192 12.7 8.838 1.437 1 202.3
20 19.137 40.65 0.08 40.8 1.862 11.526 11.526 13.79 9.216 1.496 1 225.5
21 19.142 40.653 0.08 40.9 1.962 13.168 13.168 15.02 9.728 1.544 1 250.7
22 15.148 40.653 0.08 41 2.062 15.215 15.215 16.43 10.432 1.575 1 278.1
23 22.566 40.942 0.08 41.1 2.162 17.28 17.28 18.06 11.314 1.596 1 308.3
24 28.302 41.411 0.08 41.2 2.262 19.356 19.356 19.89 12.346 1.611 1 341.7
41.3 2.362 21.442 21.442 21.93 13.489 1.626 1 379

5.10.1.1.3Manni ngd6s n Values (N)

I f using Manningés n v aldieahs nofindthat thaé tren Cavalvednl ue i s
the 1d_nwk layer becomes a multiplier and should be set to one §e8)discussion above for using
material values A value of-1 ignores that section of the profile

5.10.1.1.4 Position Flag (P)

The position valueare used to indicate whether an XZ point is left bank (1), mainstream (2) or right
bank (3) The P value is used to indicate where the mainstrearatsmanmel is locatedlf materials (M

flag) are used, the primary material is taken as that at the |@wedte in the mainstream sgbannel

If the P flag and values are not specified, the primary material is that at the lowest Z value across the
whole section.

It is intended that the P values be used for other processing anprposssing of resultsifuture
releases.
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5.10.2 T y p dWoptional Flags
5.10.2.1 Flow Area (A)

The effective flow area in I If omitted, the area is calculated based on the elevatiothsvidths
starting at an area of zero at the lowest elevation.

5.10.2.2 Wetted Perimeter (P)

The wetted perimetenimetres If omitted, the area is calculated based on the elevations and widths
assuming a symmetrical channel.

5.10.3 Parallel Channel Analysis

To calculate total conveyance, a crgsstion needs to be sdivided into panels for which the velocity
is uniformly distributed Conveyance for each paneliscalculates i ng t he Manni ng6s

) p‘—oY
£
Where:
U = conveyance of panel
€= Manningés n roughness coefficient

0 = Flow Area ()
'Y = Hydraulic Radiugm) 1 area / wetted perimeter

The conveyance of a cresection may reduce with height where there is a sudderas&ne the wetted
perimeter compared with a relatively small increase in flow area, causing the hydraulic radius to reduce
despite the water level increasinfithis occurs, a WARNING is issued and it is strongly recommended
that the crossection be reewed and corrected.

The most common cause for the reduction in conveyance with height occurs when the extent of
inundation across the cressction increases markedly during the transition frotreink to outof-bank
flow. The reducing conveyance withiget problem is usually resolved by forcing a parallel channel

analysis by specifying a change in resistance using the R, M or N flag discussed in the sections above.

Conveyance Calculation= ALL PARALLEL is the default setting This forces a parallel channel
analysis based on splitting the cr@estion into parédl channels at every distancevdlue This
approach generally ensures that conveyance does not reduce with Heggyht) this approach to

calculde the hydraulic properties has a tendency to produce a slightly more efficiensection
(higher conveyance), similar to the resistance radius formulation used by some schieenefore, a

slightly higher Manni ngos achievesimilaeresfliby ~10%) may

Figure5-6 illustratesthe ALL PARALLEL method of conveyancealculation
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ny n; N3

Kiotal = Ky + Ky + K3+ Ky +Kg + Kg + K7 + Kg + Kg + Ky

Figure5-6 6 Al | Parall el d Conveyance Calcul ation

Conveyance Calculatior= CHANGEIN RESSTANCE may be used as an alternative to the default
ALL PARALLEL approach In this case, the parallel channel analysis splits the -sextfon into
separate parallel channels based on wherever there is a change in resistance (due to ditfeeent rela
resistancgR flag), material type(M flag) o r Manni n g(bldlag)h Thisaid illugtrated in
Figure5-7:

ny Ny E]

\ /

Kiotal = K1 + Ky + K

Figure5-7 6 Change in Resistanced Conveyance Cal cul ¢

It should be noted that differee in resultsare expectedetween théwo methodsof conveyance
calculation The total number of peels for each calculatiomethod will be different as demonstrated
in Figure5-6 andFigure5-7, thereby influencing the total conveyance

The ALL PARALLEL approach has been chosen as the currentltleémveyance calculation method
for ESTRY. This is not to imply that this method produces the more accurate result,ir&debeen
chosen a# generally does not cause conveyance reducing with height warnings
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5.10.4 Effective Area versus Total Area

For XZ (offset elevation)CrossSections, the flow area is calculated as an effective area (E flag) or a
total area (T flag) Use of he flag will override the global setting setByw Areawhere the default is
approach isa use the effective area

If there is no variation in relative resistance across the -sexgton there is no difference between
effective and total aread his is dependent on the relative resistance being 1.0 across the whole section
(An ERROR 1070s produced if the relative resistance is not 1.0 somewhere along thesectss

when using effective area.)

For an open channel, the total conveyance of a-sesion is not affected by whether effective or total
area is usedin the case of effeise area the wetted perimeter is adjusted to compensate for the change
in flow area so as to produce the same conveyance as would occur for totdl@arepecial channels

that use crossections such as bridges, weirs and irregular culverts, the feawsed is the effective

or total area as specified his can be useful if the effects of blockage or congestion within the section
needs to be modelled.

The primary differences between using effective and total area are:

1 The channel velocity calculated the depth and width average of the primary (normally
mainstream) parallel suthannel if using effective area, and theragediepth and width of
the whole crossection if using total area.

1 Where the effective and total areas are significantly diftetée channel velocities used in
the 1D momentum equation will be significantly differentf the channel velocity is
sufficiently high and different depending on whether effective or total area is used, the inertia
terms in the 1D momentum equation nadfigct the resultsNote the frictional (bed resistance)
term in the momentum equation is NOT affected as the hydraulic properties for the cross
section are adjusted so that the total conveyance is the same irrespective of whether effective
or total areas used.

Effective area gives a more reliable calculation of the mainstream velocity, and therefore, a more
accurate estimate of approach and exit velocities of structures, and more appropriate velocities for
advectiondispersion and sediment transportc#tions Where velocities are not high or significantly
changed when using effective or total area, the water level and flow results are usually identical or very
similar.

5.10.5 Mid Cross-Sections

Crosssectiongmay bespecified using lines digitised withinlal_xs layer partway along the channel
The upstream and downstream invert levels of the channel are both assigned the invert leuelss the
sectionif a value 0f-99999has been specifiadithin theld_nwk channgrefer toTable5-2). If either

of these attributes is greater th@9999 the inveriof the channeis set to th&sl1S attribute value rather
than that of the crossection bectlevation
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The midcrosssectionapproaclhis the only approach available for struetssuch as bridges, weirs and
irregular shaped culvertst can also be used for open channels, howgnestigitisation of crossection
lines within a 1d_xs layer that have besrapped to the channel ends (as described in Séctibrb
below) has added advantagesl is recommended

5.10.6 End Cross-Sections

Crosssectionsfor openchannelgS channels and the superseded G chahrels be specifiedsing
lines digitised within dd_xslayerat the channel ends, rather than a singlessectionmidwayalong
the channehs described abovd his approachasthe followingbenefits:

1 The upstream and downstream inverts can be based on the beds of tseatioss, thereby
saving some effort to enter this informatiaithin the 1d_nwk ife. To do this, set the
US Invert and [3_Invert attributes in the 1d_nwk layer-89999 If either of these attributes
is greater tharP9999 the invert is set to the attribute value rather than that of the seotsn
bed.

1 Crosssection surveys firm someother 1D models often have the creggtions at the channel
ends, therefore, this makes it easier to use thdasenaldatasources

There are a few rules on how end cresstions are interpreted and appliasl follows:

9 The 1d_xs crossection ines must have a vestsnapped to the channel end.

1 If a 1d xscrosssectio line occurs elsewhere along an ophannel with end crossections,
the midway crossection prevailsThi s i s particularly wuseful w
shapped to an eratosssection, but the end cressction is to be applied to only one of the
channels €g. one channel is a river channel using end esestions, and the other is an
overbank channel)For the overbank channel, specify a cfssstion line somewhereaalg
the channel, and preference will be given to this esestion rather than the end creestion
Alternatively, an X connector can be used if end eeesgions are required for both channels
See Section.8.3

1 End crosssections cannot be used to override previously defined-sems®n properties for
a G or S channelYou can override the end cressctions using a midway cressction.

1 For channels other thana®d Gchannels, end crosectionsare ignored.

5.10.7 Interpolated Cross-Section Protocols

Crosssections may be interpolated for channels (excluding C and R culvert channels) that have not been
assigned a crossection A series of channels may now be digitised between two -sexsfons, and

the crosssection properties at each channel are linearly interpolated between the twsectuss

The protocols applied when interpolatingcrese ct i ons and setting Manni nga

1 If a channel has a crasgction at each end, the processath df these crossections is
averaged (as per previous builds).

9 If a channel has a crasgction midway, this crossection takes priority over any end cross
sections (as per previous builds).
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9 If achannel only has one end cresstion, TUFLOW traversagpstream/downstream to find
the next available crossection, and uses this to interpolate the ecsassion properties for
that channel The next available crossection can be a midway or end crgsstion.

91 Ifachannel has no crosections attached it, TUFLOW traverses upstream and downstream
to find the nearest crosections, and interpolates the channel properties based on these cross
sections.

1 When traversing upstream/downstream to find a esesson:

o If ajunction (three or more channels ppad together) is reached (excluding pits and
connectors), an ERROR is issued as it is not possible to determine which branch to
follow. Not e, channels connected to a junctior
used for traversing, therefore use conaexto connect side channels to the main branch
to avoid interpolating sections from side channels

o The digitised direction of the channel is important and controls the direction used to
traverse upstream and downstreaBnsure the channels are digitisadai consistent
direction (usuallyfrom upstream taownstream).

9 If a channel has an end cresesction only at one end, and no cresstion is found when
traversing, this end crosection is used at both ends for that channel only.

1 The inverts are also tierpolated using the cresgction beds (unless the inverts have been
manually entered into the 1d_nwk attributeSpecify-99999for the 1d_nwk channel inverts
to have them interpolated.

Crosssections that are interpolated can be of any format exeeidno longer supportefiked field
formats This includes CS or HW 1dsformats (see

 Table5-14).
T The Manningés n value a#etoiigasfltbwst o t he channe
0 Ifthecrosssecti ons used for interpoliledarKZon have
crosssections, M or N was not specified, or for CS/HW ciesstions, N was not
specf i ed), the 1d_nwk Manningés n attribute
o Ifthecrosssecti ons used for interpol ation hayv

interpolated from the crossection n values (at the bed) and multiplied by the 1d_nwk
Manni ng 6 s ofthe channhet In thisuchse the 1d_nwk n_or_n_F attribute is a
multiplier that can be used to calibrate the model.

o Ifoneofthetwocross ecti ons used for interpolation
other does not, the n value used is interpolatedi tn g t he channel 6s 1d_
n value and the crosse c t i 0 n.0ldeally, the raodal should be set up using the
same approach everywhere so that this situation does not arise as it may cause
undesirable resultsA WARNING is issued if this oaars.

The interpolation of crossections is the defaultnterpolate CrosSectionscan also be used to switch
this feature ON or OFF.

AL TUFLOW
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5.11 Nodes

Nodes are created in a several ways:

91 Digitised points in a 1d_nwlayer;
1 From a pitin a 1d_nwk layer (see Sectiof2.);
1 From a manhole in a 1d_mh layer (see SedidR.5, or

1 If none of the above, automaticatlyeated by TELOW atchannel ends.

Not e: The use of the t er nbotlimanuhly digitised notdds anrel ma n u a
nodesthat are automatically created at the ends of channels where no digitised nodes exist

If a node has not been digitised at the end dfiannel a new node is automatically creafigue ID of
automatic node is the first ten charfacl@riss ods ¢ d
the node is at the st ar tlfnwfethantoee clahhs connectedtathed . 2 0
created node, the Channel ID that occurs first alphanumerically isTise@utomatic creation of nodes

can be switched off usirgreate Nodeslf automaticcreation of Nodes is turned off, a maily defined

node must be specified at the ends of each channel in the model.

If an ID is specified it must be unigue amongst all nodes, and up to 12 characters in lenggly

contain any character except for quotes and comrhasa general rule, spas and special characters

(eg.M0 ) , should be avoi de.dA mdetiDhcarubg bsedifdr a ghandet & a c c e f
channel and node can have the same ID), but not for another Tloelédgnore attribute can be used to

ignore anode ltisrecanmended for the 1d_nwk Type attribut e
distinguish nodes from channels when guerying objects in the GIS, or alternatively place the nodes and

pits in separate 1d_nwk layers

Table5-15below lists the available node types.
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Table 5-15 1D Node and Pit Types (1d_nwk Point Objects)

Channel/Node Type Description

Primary Channel (Line) or Node (Point) Types

Node Node [ No special node type
(orleave
blank)
Circular C Circular (in the vertical) pit channel inlet.
Culvert
Depth Q A pit channel whose flow is defined by a degplischarge curve from a databas
Discharge of curves (see Sectidd).

Pit or Channel

Rectangular R A rectangular (in the vertical) pit channel inlet.
Culvert
Weir W A weir (in the vertical) pit channel inlet.

Storage at a node is defined using either a storage table of elevation versus surface area or using the
widthsand length®f the connectedhannels All nodes must have their storage defined by one of
these approachesNote that checks are also made for the following.

i The lowest elevation of a node must be below the lowest channel connected to the node.

1 The highest elevaih of a node is used to detect instabiliti€aerefore, the highest elevation
should be above the highest expected water level, unkgss Limit Factois used to extend
storage properties above the highest dlexna

1 The storage (surface area) of a node must not be zero at any level.
It is important to note the logic in assigning node storage:

1 User defined NA tabletake precedencsee Section.11.3. The overwrite principle apps, so
that if a NA table has been previously defined, the latter NA table prevails.

2 Nodes wihout any NA tables assigned fis Step 1 above, and have one or more connected
channels that have the UCS attri but A tablleef t bl
automatically calulated from the channel widths (seection5.11.7).

3 ThelLen_or_ANA #ribute of a node (or pit) in a 1d_nwk layer can be used to add additional surface
area to the NA tablelf no NA table exists after the above steps, and the Len_or_ANA attribute is
greater than zero, a NA table of constanfasi@ area is created.

4 If there are any nodes remaining without a NA table, an ERROR occurs.

Manually digitised nodes may be automatically linked to 2D domains without the need to digitised
objects within a 2d_bc layeRefer to the discussion within Sexti5.12.4

Table5-16lists the attributes required for manually created nodes

g TUFLOW
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Table 5-16 Nodes: 1D Model Network (1d_nwk) Attribute Descriptions

Default GIS

Description

Attribute Name

Command

Unique identifier up to 12 characters in lengthmay contain any
character except for quotes and commas, and cannot be Blarsk
general rule, spaseand special characteeg(fld0) shoul d
although they are accepte@ihe same ID can be used for a channe
and a node, but no two nodes and no two channels can have the
ID.

Digitised nodes can have their ID left blank and TUFLOW wiligrs
an ID.

Char(12)

Type

Leaving this attribute bl ank
feature as a Node typéi N o dseegdommended for easy
identification.

Char@)

Ignore

fa ATO, At O, AYO or #fAyo i s(Tferp
True and Y for Yes) Any other entry, including a blank field, will
treat the object as active.

Char(1)

ucs

Not used.

Char(1)

Len_or_ANA

Adds the value specified as additional nodal area (surface aré ir
If no nodal area data existg fihe node, either by using the UCS
attribute above, or using a NA table, TUFLOW automatically crea
an NA table of constant surface asgd to this value with an elevatic
range based on the US_Invert and DS_Invert values

If a negative value is speiftl, this value is used as a multiplier of t|
node storageFor example, a value e1.5 increases the nodal stora
table (NA table) by 50% (or to reduce storage use a value betiveg
and 0) Increasing storage can be useful to stabilise problemitic ]
nodes, provided that the added storage does not adversely distor
results This multiplication is applied after amgffectof Minimum
Channel Storage LengtiMinimum NA is applied after the
multiplication.

Float

n_nF_Cd

Not used.

Float

US_Invert

If no NA table exists and Len_or_ANA is greater than zesed to
set the upper elevation of the NA table. Nibt&tin this casef

US _Invert is less than DS_InvedS _Invertis set tothe DS _Invert
plus 5 metres

fConn_1D 20 s set to
which to lower the 2D cell.

ASXLO, US_1n

Float

DS_lInvert

If no NA table exists and Len_or_ANA is greater than zeseduo
set the bottom elevatiarf the NA table.

Float
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Default GIS

i Description
Attribute Name

Also used to set the upstream and downstream inverts of connec
openchannelsculverts/pipes and other channel types an examplg
see discussion for US_Invent Table5-2. Also seeSection5.11.4

If set t0-99999 not used.

9 Form_Loss The Form_Loss value is applied as an energy loss to all outgoing|  Float
culverts (e. culverts that are digitised as leaving the pit/fnpde
thereforethe Form_Loss value should be based on the outgoing |
velocity. Note, it may be necessary to zero or reduce the Hriss
and/or Exit Loss attributes of culverts connected to the pit/node sf
that duplication of losses does not occlihis loss coefficient is not
adjusted according to the approach and departure velocities as
documented in Section 7.6

10 pBlockage Not used. Float

11 Inlet_Type Not used. Char@56)

12 Conn_ 1D 2D (Used to specify a ASX0 or ASX| Char@4)
SX cell and connection at tl&D cell within which the 1D node
occurs This negates the nédo create SX objects in a 2d_bc layer
(see Flags attribute ihable7-5). Notes:

T ASXLO can be specified to c|
and lower the 2D cell by the amount of the US_Invert attributg

1 By default, if nore than one 2D cell is automatically connecte(
nodesare assumed to be connected using the Sag (S) approg
(see Sectio®.12.9. To override the default approach specify
fi S X @®oban ongrade connectian

13 Conn_No I f ASXO0 i sCosnpl® 2 dam be dsed tacontrol the Integer
number of 2D cells connected as follonwBee Sectioh.12.4for a
discussion on how the 2D cells are selected

1 A positive valie increases the number of automatically selecte
2D cells by the value of Conn_No.

1 If negative, this ignores the automatic approach and fixes the
number of 2D cells connected to the absolute value of Conn_|
For example, a value et would only connedhe pit or node to
one (1) 2Dcell irrespective of the width.

Note that if a culvert with more than one barrel is connected to
the node, the number of barrels is used to set the width, which
controls the number of automatically selected SX cells.

14 Width_or_Dia I f A SX0 i sComnpl® 2D dam be dsed tocontrdie Float
number of 2D cells connectedror example, if a width of 3.6m is
entered on a 2m grid, two boundary cells are automatically select
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Default GIS _r
Attribute Name Description
15 Height or WF | Not used. Float
16 Number_of Not used. Integer
17 HConF_or_WC [ Not used. Float
18 WConF_or_WEXx| Not used. Float
19 EntryC_or_WSa | Not used. Float
20 ExitC_or_WSb | Not used. Float

Table 5-17 1D Model Network (1d_nd) Attribute Descriptions for Nodes

Default GIS
Attribute Description

Name

Command

1 ID Unique identifier up to 12 characters in lengthmay contain any Char(12)
character except for quotes and commas, and cannot be Blarsk
general rule, spaces and special charactgréd ) s houl d b
although they are acceptedihe same ID can be used for a channel ar|
node, but no two nodemd no two channels can have the same ID.

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

2 Type Not wused for Nodes although it Char(4)
for easy identification.

3 Ignore Ifa AMt0qg, AYO or fAyo is speci fi e Logical
True and Y for Yes) Any other entry, including a blank field, will treat
the object as active.

4 Bed_Level | If no NA table exists and Len_or_ANA is greater than zeseduoset Float
the bottom elevation of the NA table.

Also used to set the upstream and downstream inverts of connpeted
channelsculverts/pipes and other channel types an examplsee
discussion for US_Inverh Table5-2. Also seeSection5.11.4

If set t0-99999 not used.

5 ANA Adds the value specified as additional nodal area (surface arép ilf m|  Float
no nodal area data exists for the ndd#-LOW automaticallycreates an
NA table of constant surface aresing this value

If a negative value is specified, this value is used as a multiplier of th
node storageFor example, a value 1.5 increases the nodal storage
table (NA table) by 50% (or to reduce storage a value betweeh and
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Default GIS

Attribute Description
Name

0). Increasing storage can be useful to stabilise problematic 1D nodj
provided that the added storage does not adversely distort the.result
This multiplication is applied after any effectidfnimum Channel
Storage LengthMinimum NA is applied after the multiplication.

6 Conn_ 1D 2D|Used to specify a ASX0 or ASXZ( Char(4)
cell and connection at ti#D cell within which the 1D nodeccurs This
negates the need to create SX objects in a 2d_bc(EseiFlags attribute
in Table7-5). Notes:

T ASXLO can be specified to con
lower the 2D cell by the amount of the US_Invert attribute

1 By default, if more than one 2D cell is automatically connected,
nodesare assumed to be connected using tlge(Saapproach (see
Section5.12.9. To override the def afarl
an ongrade connection.

7 Conn Width |I f ASX0 is specified for Conn_1] Float
of 2D cells connected as followSee Sectiol.12.4for a discussion on
how the 2D cells are selected

1 A positive value increases the number of automatically selected
cells by the value of Conn_No.

1 If negatve, this ignores the automatic approach and fixes the nur|
of 2D cells connected to the absolute value of Conn_Ray
example, a value ofl would only connect the pit or node to one (1
2D cell irrespective of the width.

Note that if a culvert with more than one barrel is connected to the
node, the number of barrels is used to set the width, which controls
the number of automatically selected SX cells.

8 R1 Reserved for future use Float
9 R2 Reserved for future use Float
10 R3 Reserved for fture use Float

5.11.1 Storage Calculated from Channel Widths

The channebtoragei s , by default, automatically .alkesi gned
channel storage approach is invoked usindltheawkUCS attribut@able5-11. If the attribute is left

bl ank or set to fAYO (stwragayassmmed tih@ tivongdesatihechannditsh e ¢ h a
ends, with thestorage split equallpetweenthe nodes For each node the surface area at different
elevations iscalculated as the product of the channel width by half the channel .lefigéhchannel

slope is taken into account when distributing the storage.
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This approach does not require any specification of a NA table and is therefore theéeaspement

It is suited to nodes where the storage is accurately defined using the channel wadtlesxample,
nodes connecting channels that model theainkflow pathsof a river. It may not be a suited to, for
example, floodplain areas where the storage migrdiignificantly from that calculated using the
widths of the floodplain channels.

Care should be taken using this option for G or S channels that have very steep shgmsthat the
resultingcalculatedNA table in the .eof file is satisfactory.

Nodal storage isotautomatically calculated based on the channel width and lertg#lii_nwkUCS
attribute i s s(lse) Thizs wdull equifenrmanual specifidatioftan NA table (see
Section5.11.3.

5.11.2 Storage above Structure Obverts

For models where the storage contributed by culverts and bridges is signiigaah (irban pipe
model), usétorageaboveStructure Obverto minimise the strage contributed by these channels above
their obvert (note that some storage is necessary to prevent a divide by zero in the equations).

5.11.3 Storage Nodes (User Defined NA Tables)

Storage at a node can tmanuallydefined using an elevation versus surfagadable (NA tablé NA
stands foNodal surfaceArea) This provides the opportunity to accurately define the storage of the
floodplain including any backwater areas that do not aftbaspaths

The NA table must be ima comma or space deiited text fle linked to a 1d_nkyerusing the command
Read GIS Table LinksSimilar to the other table link GIS layers (1d_xs and 1d_bg), 1d_na GIS layers
and .csv files are often stored in a separate folder underneatiotiet folder (same level as the mi or
GIS folder):

1 1d_na for nodal surface area tables in a moddblder

Unlike the other table link GIS layers (1d_xs and 1d thg)1d_na layer must be digitised as a point
and not a line Table5-18 presents the attributes of a 1d Gk layer

Minimum NA is useful for stabilising 1D nodes that have small surface areas, particularly at shallow
depths or when wetting and dryinfhe Minimum NA value is not applied to automatically created NA
tables for any node with a 1d_nwk Length_or_ANA value that is greater than 6,G0bmided there

is no NA table that has been manually specified or created from channel st@agaso Minimum

NA Pit.

Minimum Channel Storage Lengtian be useful to add additional storage for stability reasons to nodes
at the ends of very short channels.
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Table 5-18 1D Nodal Area Table Link (1d_na) Attribute Descriptions

Default GIS
No. Attribute Description

Name

Command

1 Source Filename (and path ifeeded) of the file containing the tabular data Char60)
Must be a comma or space delimited text file such as a .csv file.

2 Type fi N A d\Nodal surface area versus height taldlae first column is Char(2)
elevation and the second surface areain m

3 Flags No optional flagsavailable Char(8)

4 Column_1 | Optional Identifies a label in the Source file that is the header for thef Char@O0)
first column of data Values are read from the first number encountere
below the label until a nenumber value, blank liner end of the file is
encountered

If this field is left blank, the first column of data in the Source file is u{

5 Column_2 | Optional Identifies a label in the Source file that is in the header for { Char@O0)
second column of data

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

6 Column_3 | Not used. Char0)
7 Column_4 | Not used. Char@0)
8 Column_5 | Not used. Char0)
9 Column_6 | Not used. Char20)
10 Z_Increment | Not used Float
11 Z_Maximum | Not used. Float
12 Skew Not used. Float

(in degrees)

TUFLOW USER Manual i Build 2016-03-AA A“JFLOW


http://www.tuflow.com

1D Domains 5-50

5.11.4 Using Nodes to Define Channel Inverts

1D nodes can be used to set the invefrtonnected channel€hannel inverts are sourced from either
end crosssectiongsee Sectioh.10.6 or nodes if an upstream or downstream channel inve®9809
is specified within thd.d_nwkfile.

For this option thenodesi DS _I nvert 06 attri bute in the 1D_nwk |
1d_nd format can be used to set the upstream andsticam inverts of any connected channdfis

both nodes and crosectiors are specified the crosection is given higher prioritfrefer to
Section5.10.9. This featureis usefulduring pipe networkmodelling where crossections are not

required (the shape is defined by the culvert tyfdie downstream inverts (of incoming channels) and
upstream invert (of outgoing channels) will be set tortbée elevation In order to modedifferent

incoming and outgoing inverts (for manhole drop losses) these need to be specified on the channels.

5.11.5 Automatically Connecting Nodes to 2D domains

1D nodes may be automatically connddi® 2D domains using thellnwkConn_1D_2Dattribute (see
Table5-16). The approach is similar to the connection of 1D pits to a 2D domain and further discussion
may be found in Sectioh12.4
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5.12 Pipe Networks

Pipe networks can be modelled using 1d_nwk channetptresenpipes 1d_nwk nodes taepresent
pits andld_mh nodeto representmanholes.

In TUFLOW terminology pits are used to convey water between above ground and the underground
drainage layeandmanholes are used to simulate energy losses at juncti®néSection5.12.9 and
manhole (Sectioh.12.5 featurescan exist in the same location

5.12.1 Pipes

Culverts within a pipe network are created by digitising lines within one or more 1d_nwk Gl&ndyer
assigning a type QR or | (refer to Sectioh.7.], Table5-1 andTable5-3). The culverts are considered
linked when the channel ends are snapped to each other

There are a range of mettw for determiimg the losses at these junction this is discussed in
Section5.12.5

5.12.2 Pits and Pit Channels

Pits are created by digitising points within on
attribute to C, Q, R or Wrefer toTable5-15). Pits automatically insert a short channel called a pit

channel to transfer water between the 2D domain on the surface and a 1D pipe network underground
Two nodes arautomaticallycreated: one at ground level for connection to the 2D domain and one at

the pipe junction Both pits and nodes can be automatically connected to 2D domases
Section5.12.4

The term fApit thésnallckahnel automtieally snsettel at a pit node.

The pit channel I D is given a . PO exteifl®i on ba
upstream (ground) node | D of.Thelgmungelevationisepificde | i s
in the US_Invert attribute, and the bottom elevation of the pit is specified in the DS _Invert attribute
TheConn_1D_2Dattribute can be used to specify if this pit is to be connected to an overland 2D domain

(this saves having to create 2D SXbrin a 2d_bc layer).

Pit channels are zero length channels designed to convey water to/from a 2D overland domain to a 1D
pipe network They do not contribute to any storage in the system (noting that the Len_or_ANA attribute
is used to specify the surlaarea or storage of the pit).

If a pit channel cannot be connected to an overland 2D domain (because, for example, it does not fall
on an active cell), a WARNING is issued (see Sectinf) and the pit channel will remain unconnected.

Pits do not have to be snapped to a channel end, and can be automatically connected to the nearest node
(channel end) by usingit Search Distance
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In the variouslD output and the 1d_nwk check files, the pit channels that are snapped to a channel end
are displayed as a small channel orientated in the-sottth axis, not a node (poinfhe display length

of the channel is, by default, set torhQ however, thigan be changed usirgt Channel Offset For

pits connected usingit Search Distangehe pit is displayed as extending frate location toits
connected node.

Minimum NA Pit sets the minimum NANodal Area)of the upstream (ground) nodesr fall pit
channels This command was introduced to differentiate upstream pit channel nodes frigmithem

NA seting. If the pit channel is connected to a 2D domain, this storage has no influence on the hydraulic
computations, and increasing the value has no stability benefits.

Table5-19 describes the 1d_nwk attributes required for pits.
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Table 5-19 Pits: 1D Model Network (1d_nwk) Attribute Descriptions

Default GIS
No. Attribute
Name

Description

Type

Command

Unique identifier up to 12 characters in lengthmay contain any
character except for quotes and commas, and cannot be Barsk
general rule, spaces and special charactgréd0 ) s houl d b
although tley are acceptedrhe same ID can be used for a channel ar|
node, but no two nodes and no two channels can have the same ID.

Digitised pits can have their ID left blank and TUFLOW will assign ar
ID.

Char(12)

2 Type

Used to specify a Pit Channel as ofi€pQ, R or W as pefable5-15.

Char@)

3 Ignore

If a ATO, At O, AY0O or fAyo is sp
True and Y for Yes) Any other entry, including a blank field, will treat
the object as active.

Char(J

4 ucs
(Use Channel
Storage at
nodes).

Not used.

Char(1)

5 Len_or_ANA

Adds the value specified as additional nodal area (surface areé itf m
no nodal area data exists for the node, either by using the UCS attrik
above, or using a NA table, TUFMDautomatically creates an NA tablj
of constant surface area.

If a negative value is specified, this value is used as a multiplier of th
node storageFor example, a value 1.5 increases the nodal storage
table (NA table) by 50% (or to reduce storage a value betweeth and
0). Increasing storage can be useful to stabilise problematic 1D nodj
provided that the added storage does not adversely distort the.result
This multiplication is applied after amgffectof Minimum Channel
Storage LengthMinimum NA is applied after the multiplication.

Float

6 n nF_Cd

Not used.

Float

7 US_Invert

Used to specify the ground elevation of the fihis is used to set the
updream and downstream elevation of the pit chantiedet t0-99999
the ground elevation is set to the ZC elevation of the 2D cell that the
falls within (provided there is a 2D SX connectioreeConn_1D_2D
attribute below)

If Conn_1D 2Dssetb ASXLO6, US_I nvert is

which to lower the 2D cell and the pit channel invert is set to this leve

Float
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Default GIS
Attribute

Description

Name

8 DS_Invert

The bottom elevation of the piCan also be used to set the upstream
downstream inverts of connected chaniiedse discussion for US_Inve
for channels abovelf set t0-99999 not used.

Float

9 Form_Loss

The Form_Loss value is applied as an energy loss to all outgoing cu
(ie. culverts that are digitised as leaving the pit/node), so the Form_L|
value slould be based on the outgoing pipe veloady.the K values)
Note, it may be necessary to zero or reduce the Entry_Loss and/or
Exit_Loss attributes of culverts connected to the pit/node so that
duplication of losses does not occihis loss coefficiat is not adjusted
according to the approach and departure velocities as documented i
Section5.7.6

Float

10 pBlockage

Not used This field is reserved for future builds for blocking pit
channels.

Float

11 Inlet_Type

For Q pit channels, the name of a pit inlet type inRfeinlet Database
(see Sectio). Otherwise not used.

Char@56)

12 Conn 1D_2D

Used to speci f ygthatattSmaicallpareatés@ XX S
cell and2D/1D connectionwhere thelD pit occurs This negates the
need to create SX objects in a 2d_bc layer.

The following options/changes are available:

T ASX0 can also be used to allms g
pitsto the 2D domain

T ASXLO can be specified to con
domain and lower the 2D cell by the amount of the US_Invert
attribute The invert of the pit channel is set to the lowered 2D ce
level. This is useful to helprap the water into the pit as it flows
overland in the 2D domainThis feature works well in combination
with the newRead GIS SAITSoption.

1 By default, if more than one 2D cell is automatically connected,
are assmed to be connected using the Grade (G) approach and
the Sag (S) approach (see SectalR.9. To override these default
approaches specify either @SX

Pit Default 2D Connectiooan be used to set a global default value fol

Conn_1D_2Dand up to four characters is now acceptedviptsly only
three were acceptedji N O 0 alsohenused to not connect the node g
pit to a 2D domain.

Char(4)

13 Conn_No

I f ASXO i sCosnpl® 2D dam be dsed tacontrol the numby
of 2D cells connectedSee Sectio.12.4for a discussion on how the 2
cells are selected

Integer
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Default GIS
Attribute
Name

Description

1 A positive value increases the number of automatically selected
cells by the value of Conn_No.

1 If negative, this ignores the automatic approach and fixes the nu|
of 2D cells connected tti¢ absolute value of Conn_Né&or
example, a value ofl would only connect the pit or node to one (1
2D cell irrespective of the width.

14

Width_or_Dia

C, R, W Pit Type:

Sets the diameter of a C pit channel or the widtaroR or W pit channle
Q Pit Type:

Used as a multiplier of the flow derived from the degigcharge curve
For example, if Width_or_Dia equals 2, the flow is doublHdet to zerg
(0), the Maplnfo default, a value of 1.0 is used the distarge curve
remains unchangg.

Float

15

Height_or WF

Sets the height ofreR pit channel Not used for other pit types.

Float

16

Number_of

C, R, W Pit Type:

Sets the number of pits (of same dimension) within the one pit chanr|
Q Pit Type:

Used as a multiplier of the flow dedd from the deptllischarge curve
For example, if Number_of equals 3, this assumes there are three pi
lumped together and the flow isped. If set to zero (0), the Maplinfo
default, a value of 1 is useit(a single inlet pit is assumed).

Integer

17

HConF_or_W
C

R Pit Type: Sets the heightontraction coefficient, otherwise not used
for other pit types.

Float

18

WConF_or_W
Ex

C, R Pit Type: Setsthe widthcontraction coefficient, otherwise not use
for other pit types.

Float

19

EntryC_or_WS
a

C, R Pit Type: Sets the etry loss coefficient, otherwise not ustxt
other pit types.

Float

20

ExitC_or_WSb

C, R Pit Type: Sets the exit loss coefficient, otherwise not useather

pit types.

Float
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5.12.3 Pit Inlet and Depth/Stage vs Discharge Databases

Pit channels can be specified as a Q Tygeereflow through the pit is controlled by a deglfscharge
curvedefined withinthePit Inlet DatabaseThe database is similar to tB€ Databasand is described
below The alternative namingonventionDepth Discharge Databaperforms the exact same function
and can be used insteadRif Inlet Databas Only a singleDepth Discharge or Pit Inlet Database
should be used.

The databasks a .csv file usually set up and managed in a Microsoft Excel spread3heetlatabase
file sources deptdischarge curves in other .csv files that are also usudllypsand managedithin

the same Excel spreadshe€he TUFLOWMicrosoft Excelmacrocan be used to export these csv files
from the parent spreadsheditis available to download at no cost framvw.tuflow.com The format

of the Pit Inlet Database is described able5-20.

Table 5-20 Pit Inlet Database Format

Column  Description

1 Contains the pit inlet typas referenced by the 1d_nwk Inlet_Type attribute {sgge5-19).

2 Containghe name of the source .csv file that contains the ediptiharge curve.

3 The heading label of the column containing depth withénsource .csv file

4 The heading label of the column containing flow within the source .csv file.

5 The pit inletds noinNateahatahe flofv artalis orfily used/to autp

a velocity for the pit channeig( it does not havany influence over the hydraulic
calculations).

6 The pit inleto6s n.oTiewdthtsesed foérthe automaticdseéldetion ¢
2D cells when connecting to a 2D domain (see Seétibh.4 and for extending the depth
discharge curve.

The image below shows an example dfialnlet Databasecsv file For the example, if the 1d_nwk

I nl et Type attribute is set ¢ol dirtwd, ( NdJRrd)OW rsteialr
highlighted in green in the image belowhe source .csv file, pit_inlet_curves.csv is opened and the
occurrence of the | abels #fADepthd (shaded yello
pit_inlet_curves.csv arsearched forThe numeric values for these two columns, as shown in the second

image below in yellow and orange, are read and applied as thediegtarge relationship for the Q
pit channel.
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Pit Inlet Databasexls [Compatibility Mode

Page@yout or las Dev“per n ns  Acrabat @
o O L U1 O

|

I/

I

=" General 'ﬂlnsert - v ?
_|§ |$ = 9| I Delete - |j*
T tyles | ... Sort & Find &
: i -:'-:-'E ~ | [E)Format~ || (2~ Filter~ Select~
Allgnment Mumber (F] Cells Editing
Al . Jx | MName

A B C D E F
Name 15ource Depth_Col Flow_Col  Area(m2) Width {m)
Type L pit_inlet_curves.csv Depth Type L 072 48
Type M pit_inlet_curves.csv Diepth Type M 0.54 36
Type S pit_inlet_curves.csv Depth Type S 0.36 24

On ibili =
| (- Home Insert Page Layout Formulas Data Review View Developer Add-Ins Acrobat @ - 2 X
Ty i == | - al I r - = - -
_j * T o - | | =| = General Fﬁ Conditional Formatting g™ Insert P ? [ﬁ I
EE| | @' | $om By | @Format as Table = jﬁ" Delete ~ Ij'
||| Paste i - e Sort & Find & i
- £ =2 %6 528 55 cell Styles - [l Format - || (2~ Filter~ Select~
Clipboard ™ Font (F] Allgnment (F Mumber M Styles Cells Editing
Al - fe | Depth (m) ¥
A B Cc D E F G H | J K L M N 0
1 |Depth (m) Flow (m3/s) BRISBANE CITY COUNCIL GULLY INLET CAPACITY
L]
2 | Depth TypeL TypeM TypeS$S
3 0 0 0 0 y(mm) L M S TRAPPED SAG CAPTURE =
4 0.014 0.0487 0.0487 0.0487 14 487 487 48.7 350
5 0.02 0.0634 0.0609 0.0597 20 63.4 60.9 59.7 =300
6 0.03 0.0872 0.0812 0.0781 30 87.2 81.2 78.1 § [
T 0.04 0.112 0.103 0.0959 40 112 103 959 ng f/ Trk
8 0.05 0.135 0.124 0.116 50 135 124 116 = / |
9 0.06 0.16 0.147 0.135 60 160 147 135 %200 P// EE
10 0.07 0.185 017 0.157 70 185 170 157 T e | |
1 0.08 0.212 0.193 0.178 80 212 193 178 @ 150 —#— L LINT
12 0.09 0.239 0.216 0.201 90 239 216 201 S 100 |
13 01 0267 024 0224 100 267 240 224 | & |7 TEMLIN
14 0.M 0.295 0.265 0.248 110 295 265 248 3 50 e S LINMT
15 012 0.322 0.293 0.272 120 322 293 272 ‘ TR AR
16 0 T T T T
17 0 10 20 30 40 50 60 TO S0 90 100 110
18 DEPTH AT UNDEPRESSED LIP OF CHANNEL (mm
19
4 4 » W[ pit inlet_dbase | pit_inlet_curves .~ pit_inlet_curves (wjs) %1 L m |
Ready | 5 EEE]

Figure 5-8 Example of Pit Inlet Database

The depthdischarge curve is applied and extrapolated as follows:

1 The first coordinate on the curve must b@ (e. zero flow at zero dep}h

1 The depth and flow must be in metres arisior fee and fé/s if the model is running in US
Customary UnitgseeUnits).

9 The depth value used to derive the discharge through the pit channel is taken as the water level
in the 2D domain less the pit invert (usually theuyrd/2D level) If the downstream water
level of the pit channel rises above the pit invert, the depth value used for deriving the pit
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channel flow is the difference in water lev@his provides a smooth transition from upstream
controlled flow to drowmd flow. If the pit channel starts to be surchargées flow is
reversed), the flow is extracted from the degdcharge curve using the downstream water
level less the upstream water level (pit invert if dry) as the depth value, and is applied as a
neative discharge so that flow surchard@resn the pipe networknto the 2D domain

1 If required the curve is extrapolatedn fAef fectived flow width of
that gives the same flow at the top of the curve as would orifice flovd loasthe Width value
provide in the database .csv filéThe orifice flow equation is used to extend the curve
indefinitely.

Table5-21 presents the different Q pit flow regimekhese ar@utput to the .eof fil@ext to the velocity
and flow values, and to the _TSF and _TSL output layers (see Seéide$d13.2.3.

Table 5-21 Q Pit Flow Regimes

Regime ‘ Description

N The depthdischarge point is within the bounds of the Q pit curve provided.

0] The depth is over (exceeds) the highest depth in the Q pit curve and the extrapolated orifig
equation is being used.

R Revese (negative) flow is occurring.
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5.12.3.1 Road Crossfall Options

The commandPit Default Road Crossfaiihcreases the depth at Q pits based orctbssfall slope of

theroad crosssection This approach aims taccountfor changes in ground elevation that occur at a

finer scale than the 2D cell resolutioRUFLOW calculates the water depth that is usethlyPit Inlet
Databasaisinganadjacent side triangle depdipproad, instead of the actual cell flow deptfihis is

shown inFigure5-9. Theresultingtriangle has the same area as the vertical flow area in the 2D cell the

pitis connected taé.t he tri angl eb6s area is the depth in the

connection e 2D cell cross-section

R

Road
.

1 T Pit inlet flow

I depth
Road 2D mesh
Aerial View Cross-sectional View (exaggerated vertical scale)

Figure 5-9 Road Crossfall Option

Use of ths command can improve the ability to capture water from 2D cells into pits feeding the pipe
network Especially for larger cell sizes, the shallow depth that can occur in the cell can be
unrepresentative of the depthtlae entrance to the pit, therefore restricting the amount of flow entering
the pit The larger depth using an equivalent triangle will push more water into the pit providing a more
real i stic representation of the pitds capture.

5.12.4 Connecting Pits and Nodes to 2D Domains

Both pitsand nodesan be automatically connected to 2D domains using the 1dCawk 1D 2D

attribute (se€lTable5-19). If Conn_1D 2Di s s et to ASXO0, TUFLOW autom
upstream end of the pit chael or node to the 2D domaihe 2D cell must be active (Code = 1)

no active 2D cells are found from any 2D domain, a WARNING 2122 or 2123 is iS8i&RNING

2037 is giverif there is overlapping 2D domains and more than one 2D cell is active.

The commandPit Default 2D Connectiocan be used to set the global default value for the 1d_nwk
Conn_1D_20Dattribute.

By default TUFLOW will connect the 1D element e or more 2D cells at pit connectionghe
number of 2D cells selected is a function of the flow width of the pit inlet (including the effects of the
Number_of and Width_or_Dia 1d_nwk attributes), or the total flow width of the channels connected to
the node The total width of the 2D cells selectis always more than the pit inlet width or width of
channels For example, a width of 3.6m on a 2m grid selects two.c€lie advantage of selecting more

TUFLOW USER Manual i Build 2016-03-AA /-NTUFI—OW


http://www.tuflow.com

1D Domains 5-60

than one 2D cell is to provide enhanced stability at the 1D/2D connection when the 1D flow width
exceeds the 2D cell siz&he number of 2D connection cells is limited to 10 per pit inlet.

The 1d_nwk Conn_No attribute can be used to change the number of 2D cells connected as follows

1 A positive value adds that number of 2D cells to the automatitber In the example
above, if Conn_No is set to 1, three (2 + 1) 2D cells are connettexlupper limit is 10
connected cells.

1 If Conn_No is negative, this ignores the automatic approach and fixes the number of 2D
cells connected to the absolute vabi€€onn_No For example, a value ef would only
connect the pit or node to one (1) 2D cell irrespective of the width.

If more than one 2D cell is being connected, there are two approaches available for how the 2D cells are
selected

1 For pits, the defult is the G (on Grade) option that selects the 2nd,e3¢d, cel | s by
traversing to the next highest 2D cell that neighbours the 2D cell(s) already selected (this
includes diagonal cellse. all 8 cells around a cell are considered@hese cells arelso
automatically lowered to the same height as the first cell so that their ZC value is at or
below the pit inlet

1 For nodes, the default is the S (Sag) option that selects the 2nct&d, cel | s by
traversing to the next lowest 2D cellhe ZC valus of these cells are not changed as they
are already at or below the node invert.

1 The above approaches can be changed using the G (Grade) and S (Sag) flags for the
1d_nwkConn_1D_2Dattribute The G approach is that adopted by default for pits and S
for nodes To override the default approach, specify G or S as appropfateexample,
if the S approach is preferred for a pit that is draining a depression, spe&ifflag for
theConn_1D_2Dattribute(ie. i S X S Note SX must come first before an igpial flag
is specified.

1 Note: IfDefaults== PRE 200808 is specified, the original approach of only selecting one
2D cell is used, irrespective of tmnn_1D 2Dand Conn_No values.

Note that the conventional approachusfng 2d_bc SX points or lines can still be used to connect 1D
channel endsThis gives the user complete control over which 2D cells are selected and may still be
preferred in situations where large 1D structures are being connected to 2D cells.
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5.12.5 Manholes
Manholes are used at culvert junctions to dissipate energy due to:

1 Expansion/contraction of flow within the manhole chamber and outlet culverts.
1 Change in direction of the culverisg(at a bend).

1 Change in height and/or invert level of the adjoinintyerts.

The presence of a manhole will override the exit loss of any culvert discharging into the manhole and
the entrance loss of any culvert taking flow out of the manHdierefore the corresponding Entry_Loss

and Exit_Loss attributes of the culvartghe 1d_nwk layer are not used (see the notes on these attributes
in Table5-3 for more information).

There are three different types of manholes:

T ACo for circular chamber s.
1 ARo for rectangul ar chamber s.

T

ot

Jo for culvert junctions without a chamber.

And three different energy loss approaches:

T ANOO no special manhole | osses
(thestandard entry/exit losses of the connected culverts apply).

1T AENO fEaogelunddssapproackthis is the default approach)

T AF X0 fFieedloss &pproach.

The manhole loss approach can be selected globally using the comikhamcble Default Loss
Approach

The manholes types, loss methods and dimensions are output in the _mhc_cheélorfilmore
information on the manhole check file, please refer tatheLOW wiki.

5.12.5.1 Automatically Assigned Manholes

By default, manholes are automatically created at all culvert junctions (nodes) where the following
conditions are met

1 Thereis at least one incoming and one outgoing culvadulvert is a C, | or R channel.

1 There are no open channels conneciged© bridges, weirs or any other channel that is not a
culvert).

1 Pit channels can be connected, but are not included in any of the calculations for determining
manhole energy losses.

Three different approaches to the sizing of automatic manholes arapptieation of lossesire
available throughhe .ecf comman®lanhole Approach Thecurrentdefault is Method CThis is the
preferred approach less backward compatibility is requiréar legacy reasonsFurther details on
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Methods A and B may be found by referring to the release notes of previous TUFLOW builds or by
contactingsupport@tuflow.com

The ype of manhole assigned is set usiignhole Default Type If Manhole Default Typéds not
specified the default is to assign a C, R or J type based on the size and-atofigi culverts connected
to the manhole (sédanhole Default Typéor more information).

The minimum diameter/width of a manhole chamber is controlledldayhole Mnimum Dimension
and the default side clearance and clearance between culverts is set using
ManholeDefaultSideClearance

The default energy loss approach is controlled/layihole Default Loss Approach

5.12.5.2 Manually Assigned Manholes (1d_mh Layer)

Manholes are manually assigned to nodes using a 1d_mh layeeaddsIS ManholeAny number of
1d_mh layers can be specifiedl a manhole is repeated either in the same layer or a subsequent layer,
the last one processed prevailhe attributes of a 1d_mh layer are described belolaiie5-22.

A manhole in a 1d_mh layer will overide any automatically created manhole If a manually
specified manhole occurs at the same location more than once, the last occurrence will prevail (
the last manhole at a node will override any previously specified manholes at the same node).

To remare an automatically created manhole, digitise a point at the node in a 1d_mh layer and set the
Loss _Appr o aero manbolei@ne@ylosgesdyote that culvert inlet/outlet losses will apply
instead in accordance with Section.1

Table 5-22 1D Manhole (1d_mh) Attribute Descriptions

Default GIS
Attribute Description

Name

Command

1 ID Unique identifier ugo 12 characters in length (see ID for 1d_nwk Char(12)
layers) The ID is used to label the node that is created at the locatio
the manhole If left blank, then the ID will be automatically assigned
according to the rules for an automatically created nodésaassed in

Section5.11
2 Type ACo0 for circular shaped chambe| Char(4)
AfiJo for a junction, but no man

ARO for rectangul ar shaped.

If left blank, the global default type set banhole Default Typds used.
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Default GIS
No. Attribute Description
Name
3 Loss Approacfi NOO0 f or no manhole | oss appr o]| Char(4)
connected culverts applies).
i ENO fEageluntddssapproach.
AFX0 for the Fixed | oss approa
If left blank, the global default type set bijanhole Default Loss
Approachis used.
4 Ignore Ifsettotrueie.ATO) , the manhol e is i gr Char(l)
to the final network Ot her wi se set to AFO0.
5 Invert_Level | The bottom or bed elevati of the manholeThis attribute $ also used t¢  Float
set the upstream and downstream inverts of connected culverts if th|
culverts have not been assigned an invirset t0-99999 not used.
6 Flow_Width | The flow width in metres of the manhole.(the width of the manhole Float
perpendicular to the dominant direction of flovhor a C manhole this
would be the diameteiUsed to calculate the manhole flow area and
velocity through the manhole.
7 Flow_Length | The flow length in metresf the manha (e. the length of the manhole Float
in the dominant direction of flow)For a C manhole this attribute is noj
used and the diameter (Flow_Width attribute) is usedly used to
calculate the storage of the node at the manhole.
8 ANA Additional storag surface area inffior the node at the manhole Float
Usually set to zero.
9 K_fixed Fixed component of the calculated manhole loss coefficiénising the Float
Fixed approach, this is the only coefficient applied.
10 Km Manhole exit coefficient sed by theengelundapproach Float
If set to zero (0), for C manholes thanhole Default C Exit Coefficient
is applied, and for R manholé&nhole Defalt R Exit Coefficientis
used
11 K_Bend_Max | The upper limit of the combination of,Kand Kyropin theEngelund Float
approach.
If set to zero (0)Manhole K Maximum Bend/Drojs applied.
12 C_reserved | Reserved for future ugeleave blank. Char(12)
13 N1_reserved | Reserved for future useleave as zero (0). Float
14 N2_reserved | Reserved for future ugeleave as zero (0). Float
14 N3_reserved | Reserved for future useleave as zero (0). Float
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5.12.5.3 Digitising Culverts Connected to Manholes

During the simulation, a culvert is determined t@henlet or outlet culvert based on flav direction,

not the digitised direction of the 1d_nwk objedtherefore, if reverse flow occurs this is taken into
account in determining thappropriatdoss coefficients However, the prgrocessing of the nuel

assumes that the culverts have been digitised in the predominant direction. oAfl@miety of checks

are made such as whether both an inlet and an outlet culvert are connected to a manhole, and ERRORs
or WARNINGs and CHECKSs are issued if there s iacompatibility Therefore, it is strongly
recommended that the culverts are digitised consistently in the downstream d{iectiom upstream

to downstream)

5.12.5.4 Engelund Manhole Loss Approach

The Engelundenergy loss approach at manholes is baseti@mork ofF.A. Engelund, and used by

the MOUSE software (DHIMOUSE PIPE FLOW Reference Manual, p9£2009) The adopted
approach has been further enhanced through advice from, and discussions with, staff from Technical
Services Branch of the Gold Cod&sity Council, Queensland, Australid his is the default manhole

loss approach.

The Engelundapproach provides an automatic method for determining the energy loss coefficients
presented below Of note is that the coefficients are recalculated everystepe and therefore vary
depending on the flow distribution between inlet and outlet culverts and the depth of water within the
manhole The calculatedraluesare output to the _TSL layer so they can be reviewed/checked over
time.

1 Kenry covers the expaimn of flow within the manhole at the outlet of an inlet culvefthe
coefficient is applied as the exit loss of the inlet culvéis time varyingvalue is shown as
the third value for inlet culvert in the _TSL output layer.

1 K, represents the losses due to a change in diredgdgon pend) between inlet and outlet
culverts K, is based on thangle of thedigitised lines of the culvertsFor the inlet culvert
the last two vertices of the line are used and for the outle¢rtuhe first two verticeslf the
culvert line is digitised so that it has an unrepresentative first/last segment angle (this may
occur where two parallel culverts have been digitised apart to make it easier to visualise), a
1d_nwk connector (X Type) cdre used to connect the start/end of the culvert to the node, so
that the first/last segment is a correct representation of the culvert angle relative to the other
culverts Refer to Sectio®.8.3for further information.

T  Kuawopis the loss coefficient due to a change in invert level and culvert height between inlet and
outlet culverts.

1 K. and Kyop are added and applied as an energy loss for each outlet cuiertalculated
value isrepated asthe middle value for outlet culverts in the _TSL output laydmy
Form_Loss value assigned to the outlet culvert via the 1d_nwk layer is also applied and will
also be included in the _TSL middle value.

1 Kexit cOvers the contraction from the mandahd reexpansion of flow within the entrance of
an outlet culvert It is applied as an entrance loss of the outlet culvert, and is the first value for
outlet culverts in the _TSL output layer.
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1 Knis the manhole exitoefficient The default value for Kis dependent on whether the
manhole is of a C or R type, and is set usitenhole Default C Exit Coefficierdar Manhole
Default R Exit Coefficient
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The equations used for tBgelundoss approach are provided below.

Q, = Flowin culvert

Q,, = Totalflow in tomanhole

Q,n = Totalflow outof manhole

y, = Heightof inlet culvert

Yy, = Heightof outletculvert

h, = Inletculvertinvert

h, = Outletculvertinvert

g = Anglein degreesof inlet culvertrelativetooutletculvert
(g =0 whentheculvertsarein line, g = 90 whentheoutletculvertis at right angles)
Q, = Flowinoutletculvert

W,, = Flowwidthin manhole=1d_mhwidthattribute

Y., = Deptiof waterin manhole

A, = Flowareain manhole

A = Effectiveflow areain manhole

A, = Flowareaof culvert

K,, = Kmld_mhattribute

K, = Bendlosscoefficient (1d_nwk Fom_Lossattribute)
K, = Fixedloss(1d_mhK_Fixedattribute)

Kgena max = Uppetimit tosumof K, andK, (1d_mhK_Bend_Ma attribute)

drop

Vm - Qom
A
0, = mina> 108
G<om -
' Wm onm
A, =-m
Qim
e &y, @ . . .
Kenty = e1 min aQ/m : 18@ (appliedasanexit lossoninlet culvert)
e ¢'r 4
e ag> @
Ke= & & min q02,49)
inletpipes@ (; U
. e . a éQf(ho'hi)(ho"'yo'hi'yi) q 0
Kaop= @ émin , 0§ 2Q
aror inletpipesé ?a‘xé% yoyi Q %

o
Qo
>
2

R

a
K. = ng- min%—,", 1@ (appliedasinlet lossonoutletculvert)
C =

K drop? KBend_Max)+ K, +K; (appliedaslossusingoutletculvert vdocity)

1
3.
>

=

+
7
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5.12.5.5 Fixed Manhole Loss Approach

The Fixed loss approach applies the 1d_mh K_fixed coefficient as an energy loss on the outlet culvert(s)
This is in accordance vhitpublications that quote K values for different manholes based on the velocity
in the outlet culvert.

The energy loss is applied as an inlet loss to the outlet culv€rtfixed is 0.5 or less If K_fixed

exceeds 0.5, 0.5 is applied as an inlet loss tla@ remainder is applied as a form or bend [&&® inlet

loss component is shown as the first value in the _TSL output layer, and any remainder as the second
(middle) value Any Form_Loss value assigned to the outlet culvert via the 1d_nwk layso isgplied

and will be included in the _TSL middle value.

By default, K_fixed is set to zerd' herefore, to assign a K_fixed value to any manhole using the Fixed
loss approach will require using a 1d_mh layer.

Note that K_fixed is also used by tBagelndloss approach as an additional (calibration) energy loss
if required.

5.12.5.6 Discussion on Approaches to Modelling Pipe Junction Losses

The approach taken to modellingjuncéennd manhol e | osses affects the
and overland flood leats, especially if a large proportion of the flow is within the pipe netwéika
general guide, the following approaches available in TUFLOW will produce the following outcomes:

1. Ideal Scenario: If you are fortunate to have the details and budget tadecmanholes using
1d_mh layers, this will produce the most reliable resuEgher theEngelundapproach or
application of fixed losses based on guidance within the literature, or a combination of these, is
recommendedHowever, in the absence of mamd details, one of the following approaches,
or a combination, needs to be adopted.

2. Least Conservative(flatter hydraulic grade lines along pipes with lower flood levels overall):
No manholesNlanholesat All Culvert Junctions et t o AOFFO and no 1d_ mt
and adjustment of structure losses (the defaldtthis case there will be minor losses at pipe
junctions, because ttiructure Lossdsy defadt will adjust the entrance and exit losses at pipe
connections down according to the approach/departure velocities (see equations in
Section5.6.6. As the velocities are usually similar from one pipe to the next the entrance and
exit losses are reduceldwnwards, often close to zero (as would be expected for a junction of
two pipes with no manhole, no change in direction and no change in invert level).

3. Middle Ground: Automatically create and size manholes and applyEtigelundapproach
(the default s¢ing). The automatic creation of manholes may be slightly conservative as a
manhole (including junctions) is created at every closed node (a closed node occurs where only
culverts and pits are connectedf there are many short pipes in the network goess of
manholes may result thereby causing greater energy lddse®ver, if single very long culvert
channels are used to represent lengths of same sized pipes, any manholes along the long pipes
will not be modelled and losses will be underestimatedhis case it is generally good practice
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to split the long culvert channels into several channels (this will also produce an improved
hydraulic grade line along the pipe).

4. Most Conservative(steeper hydraulic grade lines along pipes with higher flocgldeoverall):
No manholegManholes at All Culvert Junctiosset t o AOFFO and no 1d_ mh
fixed structure losses on all culver&iucture Losses et t o AFI X0 i s speci fi
flag is used); and the entrance and exit loss coefficients are not adjusted, for example if 0.5 and
1.0 are usedThis scenario applies the fukd.0.5 and 1.0) entrance and exit loss coefficients
at the pipe juations It typically produces the greatest energy losses along pipe networks, and
therefore, produces higher flood levels in upper areas.

AL TUFLOW
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5.13 Boundaries and 1D / 2D Links

1D and 2D domains use the same approadefioeboundary conditionsThey both accesthe same
boundary condition database, although sepdfatand 2Ddatabases can lisedif desired They also
use the same commandghin theecf. and .tcf controfiles. For this reason, all model boundaries are
discussed in a separate section of thanual in Chaptéer.

The linking of 1D and 2D domains is discusse@aratelyn Chapter.

AL TUFLOW
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5.14 Presenting 1D Domains in 2D Output

Output from 1D domain(s), whether they be ESTR¥god Modeller XP-SWMM or 12D, can be
combined with the 2D ngaoutput This allows easier viewing of results and the ability to animate the
1D results in combination with the 2D resulRefer to Sectiod®.5for further information

AL TUFLOW
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6.1 Introduction

This chapter of the Manual discusses features specifically relatiee2D model domain 1D domain
features are discussed separately in Ch&med 1D/2D linking is discussed in Chapger
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6.2 Schematisation

The model topography in a 2D domain is defined by elevations at the cell centrsgjesidnd corners
Each cell has the following elevations assigned, tsishown irfFigure6-1:

1T ACO Zpitmiddlezotcell

T AUO Z pitmiddi&right of cell

T AVO ZpitmiddlZtep)of cell

T AHO Z pittopfightthand corner of cell

One of most important aspects of TUFLOW modelling is toeustdnd the roles of the elevation (Zpt)
points.

The ZC point:

1 Defines the volume of active water (cell volume is based on a flat square cell that wets and
dries at a height of ZC plus tk&ll Wet/Dry Deptl;

1 Contrds when a cell becomes wet and dry (note that cell sides can also wet and dry); and

1 Determins the bed slope when testing for the upstream controlled flow regime (see
Section6.3.7).

The ZU and 2V points:

1 Control how water is conveyed from one cell to another;

1 Representvhere the momentum equation terms are centred and where upstream controlled
flow regimes are applied,;

9 Deactivate if the cell has dried (based on the ZC pami)cannot flow; and

1 Wetand dry independently of the cell wetting or drying (Seé\Wet/Dry Depth. Thisallows
fort he model |l ing of Athind obstructions such
cell size Eg.a concrete levee).

ZH points:

1 Play no role hydraulically;

1 Are, by default, the only elevations to be written to the SMS .2dm mesh file (by default, all
output is interpolated/extrapolated to the cell corn@ste: theMap OutputFormat== SMS
HIGH RES option is available for outputting elevations and hydraulic calculations at the cell
centres, miesides and corners.)
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v Velocity
ZN ZH
S5
ZC ZU
u Velocity
Water level
calculation point

Figure 6-1 Location of Zpts and Computation Points
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6.3 Solution Scheme

TUFLOW solves the depth averaged 2D shallow water equations (SYW)SWE are the equations

of fluid motion used for modelling long waves such as floods, ocean tides and storm Jinggsre
derived using the hypotheses of vertically uniform horizontal velocity and negligible vertical
accelerationié. a hydrostatic pressure distributiodhese assumptions are valid where the wave length
is much greater than the depth of watarthe case of thecean tide the SWE are applicable everywhere.

The 2D SWE in the horizontal plane are described by the following partial differential equations of mass
continuity and momentum conservation in the X and Y directions for-aptamCartesiarcoordinate
frameof reference The equations are:

E-}- |J.(HU)+ IJ(LV): 0
M Ky

(2D Continuity)

2

LU VU T R £+ yan n%“ W1
pt le uy Cf g g %_'/ 2 D(O g r

Wp_
X

(X Momentum)

o

ﬂ+uﬂ+vﬂ+ E an Lé 2 - :d ‘v }J‘_ —
crutg-—+gv + JUPHV /7% 1 B
T T T T %@ 7 200y 0 i 8 Y

uy’2 rwy

(Y Momentum)

Where

z =Water surhceelevation

uandv= Depthaveragedvelocitycomponents X andY directions
H = Depthof water

t=Time

xand y= Distancein X andY directions

Dx and Dy= Cell Dimensionsn X andY directions

¢ = Coriolis forcecoefficient

n= Manningsn

f, = Form(Energy) Losscoefficient

m= Horizontaldiffusionof momentuncoefficient

p = Atmosphe pressure

r = Densityof water

Fxand F,= Sunmof componentsf external forces(eg. wind) in X andY directions
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The terms of the SWE can be attributed to different physical phenorfibeae are:

Propagation of the wave due to gravitational forces.
Transport of momentum by advection.

1
1
1 Horizontal diffusion of momentum or stgsid scale turbulence (see Sectif).
1

External forces such as bed friction, rotation of theghe wind, wave radiation stresses, and
barometric pressure.

An Alternating Direction Implicit (ADI) finite difference methods used for thecomputational
procedure It was originallybased on the work of Stelli@984. The method involves two stagper
timestep each having two steps, giving four steps over&ach step involves solving a-ttiagonal
matrix.

Step 1 solves the momentum equation in thdiréction for the Yvelocities The equation is solved
using a predictor/corrector method, wihiinvolves two sweepsFor the first sweep, the calculation
proceeds column by column in thedifection If the signs of all velocities in the-Kirection are the
same the second sweep is not necessary, otherwise the calculation is repeated swbepppgasite
direction.

The second step of Stage 1 solves for the water levels-div@etion velocities by solving the equations

of mass continuity and of momentum in thedXection A tri-diagonal equation is obtained by
substituting the momentum eafion into the mass equation and eliminating theecity. The water

levels are calculated and back substituted into the momentum equation to calculateetbeities

This process is repeated for a recommended two iteratibesting on a number ghodels showed

there to be little benefit in using more than two iterations unless there are rapid changes in the hydraulic
conditions per timestep as may occur with modelling inundation frdamabreak

Stage 2 proceeds in a similar manner to Stage . tivé first step using the-direction momentum
eguation and the second step using the mass equation andlitteetion momentum equation.

The solution as formulated by Stelling has been enhanced and improved to provide much more robust
wetting and dryingf elements, upstream controlled flow regimeg. §upercritical flow and upstream
controlled weir flow), modifications to cells to model structure obvedshfidge decks) and additional
energy losses due to fiseale features such as bridge piers.

6.3.1 2D Upstream Controlled Flow (Weirs and Supercritical Flow)

Where flow in the 2D domain becomes upstream controlled, TUFLOW automatically switches between
either weir flow or upstream controlled friction flow.

If Supercritcalis set to ON (the default) the following rules apphote: the bed slope at ZU and zV
points is determined as the slope fromupstream ZC point to the ZU or ZV point in the direction of
positive flow.

1 Where the bed slope at a ZU or ZV point ighe same direction as the water surface slope,
tests are carried out to determine whether the flow is upstream controlled or downstream
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controlled The adopted flow regime is determined by comparing the upstream and
downstream controlled regime flows ¢berence to the lower flow) and whether the Froude
numberexceeds 1 (unless changed bywude Check The equation used for upstream
controlled flow is the Manning equation with the water surface slope set to the pedi$is
check can be disabled for backward compatibility usimade Depth Adjustment

1 Weir flow only occurs if the bed slope is adverse (different direction) to the water surface
slope Weir flow across 2[zell sides is modelled by first testing whether the flow is upstream
or downstream controlledIf upstream controlled, the broadested weir flow equation is
used to replace the calculations for downstream controlleecf#idal) flow conditions Weir
flow canbe switched off using thieree Overfalloptions.

TUFLOW produces an increase in water level at transitions from supercritical flow to subcritical flow
as occurs with a hydraulic jumgt does not, however, metithe complex 3D flow patterns that occur

at a hydraulic jump, as it uses a 2D horizontal plane solutR@sults in areas of transition should be
interpreted with cautianlt is also important to be careful presenting results in areas of supercritical
flow as complex flows (such as surcharging against a house) may occur that would yield higher localised
water leveld it is good practice to also view the energy levels when providing advice on flood planning
levels.

If Supercriticals set to OFF, andlree Overfalis set to ON (the default), weir flow may occur on both
adverse and normal bed slopes

The weir flow switch may badjusted globally using the .tcf commaatbbal Weir Factar It can also
bevaried spatially over the grid by setting a weir factor of zero where there is to be no automatic weir
calculationsusing Read GIS WrF The weir factor also alles calibration or adjustment where the
broadcrested weir equation is appliedhe weir factor is not the broamtested weir coefficientThe
broadcrested weir equation is divided by the weir factdiherefore, a factor of 1.0 represents no
adjustmentwhile a factor greater than one will decrease the flow efficiermrgfer to Symg2001H

for further information

Note that the global value and the spatially varying value are multiplied togetheii€. one does not
replace the other).

The .tcf commandiX Force Weir Equatiorcan be used to force the weir flow equation to be applied
acrossall active HX cell sides when the flow is upstream controllbbte that the default approach
uses either weir flow or superitical flow when the flow is upstream controlled, depending on whether
the ground surface gradient from HX cell centre to cell side is adverse (weir flow) or not adverse (super
critical flow). When the flow is downstream controlled, regardless of thengisurface slope, the full

2D equations are applied including allowance for momentum across the HX 1D/2D link.

TUFLOW USER Manual i Build 2016-03-AA A-IUFI—OW


http://www.tuflow.com

2D Model Domains 6-9

6.4 Boundaries and 1D and 2D/2D Links

2D boundary conditions adiscussed alongside 1D boundary conditions in Ch&pbérthis manual
The linking of 1D and 2D domains is discusse@aratelyn Chapter.
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6.5 2D Domain Extent and Resolution

Each 2D domain is a rectangle at any orientatitime orientation and dimensions are defined usgg .t
file commands For the orientation it is recommended that thaxis falls between 90° arid®0° of
Eastdue to som@ostprocessing software only oparat within this range

Several options are available for setting the grid location and orientafibe options are:

1 Using a foursided polygon in a GIS layer to define the 2D grid orientation and dimensions
(seeRead GIS Locatign

9 Using a line (two vertices only) in2d_locGIS layer to define therientationof the X-axis
(seeRead GIS LocatigpandGrid Size (N,M)or Grid Size (X,Y)to set the 2D grid X and Y
dimensions.

1 UsingOrigin, Orientationor OrientationAngle, andGrid Size (N,M)or Grid Size (X,Y) No
GIS layers are requiredr this option.

1 Using a DEM to set the size and location of a 2D domainKseel GRID Location This
option is useful where the model extent is the same as the DEM

It is not essential at any point to specifyjndnsions that are an exact multipleCufll Size

Table 6-1 Location (2d_loc) Attribute Descriptions

Default GIS
Attribute Description

Name

Command

1 Comment | Optional field for entering commentdot used. Char(50)

After establishinghe model domain origin, orientation and extent, the .tgc commaildSizeis used
to define the model resolution

Within this computational domain, 2D cells can be set to be active or ina€tioen the 201109-AA
version of TUFLOW, the redundant (inactive) areas in the modemain are removed from the
computation However, when allocating memory for processing of the arrays this is still accounted for.

To determine theedundanarea, searchtheUFLOW | og file (.tlf) for Are
look like thetext stringbelow. If the redundanvalue is largerevisingthe model domain will reduce
the memory usage.

Isolating redundant perimeter sections of 2D domain Domain_001...

...Redu ced computational grid by 8% . Now extends from [5,7] to [196,169].
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6.6 Layering Datasets

A powerful feature of TUFLOW is its capacity to build the 2D elevatiwam any number of GIS
layers and/or TINsThe general approach is as follows

7. All elevations inthe model start with an dnitialised value 089999 TUFLOW will outputan
error if any elevations &#9999(or higher) occur after the processing of the elevations.

8. Adefault elevation is specified first in the .tgc file ustwg Zpt A flood-free elevation is usually
specified.

9. The elevationsead directly from a DEM usingead Grid Zptsor sampled from a DEM using
Read RowCol Zptds specifiednext These elevations will override those previously specified
wherever they exist Alternatively, elevationscan be interpolatedrom a SM$S 12D or
LandXML TIN (seeRead TIN Zpty or TUFLOW can be used toreate a TIN (se€reate TIN

Zpts).

10. If there are areas whetata is eithemissing or erroneous, thesaneasilybe corrected via
interpolaton usingRead GIS Z Shapeegions or polygons This is a&hieved bydigitising a
polygon around the missing or erroneous dat&JFLOW interpolates elevations across the
region based on the existing Zpts around the perimeter of the polpgoexample is shown in
Section6.8.5 Missing or erroneous data often occurs with aerial surveys where the sampling
in areas of thick vegetation, waterwhere post processing has poorly filtered the removal of
elevated objectef.buildings).

11. Sometimes there is a need to remove cut analdilks from the topographyFor examplemodel
calibraton often requires the removal,fome levees, road embankments and developheats
may nothave existed at the time of tihéstoric eventto back date the topography within the
model This is eaily done usindgRead GIS Z Shaplay simply digitising polygons around the
variousfeatures

12. The base elevations set up in the previous step(s) can be modified to represent hydraulic controls,
proposed works, failure offlood defence wall, etcSome examples are:

1 The crests of road/rail embankments, levees, fences and other solid obstructions are easily
inserted usingRead GIS Z Ling Read GIS Z Shaper Read GIS Z HX Line
ReadGlS Z Shapds particularly powerful as 3D lines can be given a thickness making it very
easy to quickly raise, or lower, elevations along a road abghor a diversion channel where
the width of the embankment/channel is wider than the 2D cell size.

1 The proposed cut and fill for a development or other works can be incorporated using
ReadGIS Zpts, Read GIS Z Shapdread TIN Zptsor Create TIN Zpts These powerful
commands can set elevations based on regidfithin regions TINs can be generated from
points and hes, and the perimeter of the TIN can be automatically merged with the existing
Zpts A TIN of the cut and fill produced by SMS or 12D can be read dirgatity TUFLOW

usingRead GIS Zpts
13. If there is a need to simulateetifailure of a flood defence wall or road/rail embankment, or the

collapse of fencesRead GIS Variable Z Shapean be used to control the collapse of the
embankment or fences over tim&he collapse can be tggred to occur at a specified time
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when a water levekached somewherdthin the model or based on thevater level difference

between two locations.

A 2D domai

nés Zpts are built up Tadde6-2 Jhiscaneepto r
of layering datasets may also be applied to other GIS layers including (but not limited to) 2d_mat,

1d_nwk and 2d_code layers.

Table 6-2 2D Zpt Commands

Command Description

Set Zpt

Sets all Zpts over the whole 2D domain to the same vélgeful for providing
an initial elevation prior to other commands as some Zpts in inactive (land)
of the model may not receive a valuehe default value for allpts is99999
Every Zpt must be assigned a value, essentially making this command man

Read RowCol Zpts

Normally used to set the Zpts generated from a DTMe theWrite GIS Zpts
command for TUFLOW to create a GIS layer of Zpts with no elevations
(TUFLOW only writes out Zpts at active (ndand) cells) This layer is then
imported to a Gl®ackage whereach Zpis assigned an elevation from a DTV
The updated layer then expatedand read byf UFLOW usingthe Read
RowCol Zptscommand

Note the use odRowCol (or MID ) in the command, which indicates that only t
.mid file or .dbf file is readié. do not specify a .mif or .shp file when usitigs
command).

This command is specific to the model origin, alignment and cell fizmy of
these change the RowCol layer will need to bgarerated For this reason,

directly inspecting from DEMRead Grid Zptsor TIN (Read TIN Zpt¥is the
preferred approach.

Read GIS Zpts

Note, this command is different to tReead RowCol Zptsommand abovelt is
typically used for simple modifications of sections of the topografixamples
are filling an area (defined by a region or polygon object) to the same eleva
or dredging (lowering) a section of river usiRgad GISZpts ADD.

Read GIS Z Shapaffers greater functionality and maybe preferable to using
Read GIS Zpter Read RowCol Zptto modify Zpts

Read GIS Z Line

Reads 3D breaklines (defined as a polyline with elevation points) to modify
nearest Zpts to the height of the link powerful command for ensuring the cre
height of ridges (levees, embankmets,) is correctly modelled A number of
options exist for this commandilso seeAllow Dangling Z Linesand
PauséNVhenPolyline DoesNot Find Zpt.

ReadGIS Z Shap®ffers greater functionality and maybe preferable in some
instances.

Read GIS Z HX Line

Similar toRead GIS Z Lingbut uses HX lines and ZP points in a 2d_bc layer
(seeTable7-5) to adjust the 2D cell elevations along HX lines.
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Command Description

Read Grid Zpts Directly interrogates an ESRI ASGitid (.asc)or binarygrid (.flt) to define Zpt
elevations This command is similar tBead TIN Zptdut works on a grid rathe
than a TIN

Create TIN Zpts Useful for having TUFLOW create a TIN using polygons for TIN boundaries
points and lines within the polygons to create the.Tif\ho points are snapped
to the perimeter vertices of a pol
perimeter are merged with the current Zpt valuBise resulting TIN can
optionally be exported to SMS and 12D TIN formats.

Read TIN Zpts Reading of a TIN in SMS, 12D format or Civil 3D to set the Zpt values withir
TIN.

Read GIS Z Shape Powerful command to modify Zpt values using points, lines and polydanss
can vary in width fren just the cell sides (thin), whole cells (thick) or be assig
a width (thickness) in metreSINs are created within the polygons and
incorporate elevations from points and lines that fall within the polyJte
perimeter of the polygon can be mergeth the current Zpt values in part, or ir
its entirety.

Read GIS Z ShapandCreate TIN Zptare excellent for removing bad data arg
and for filling in null areas where the aersairvey has provided poor or no datg
Another example is to remove buildings from a DEM.

Read GIS Variable Z Shay| Allows the user to define the eroded 3D shape of a section of the 2D domai
specify the periodor collapse, and how the collapse is triggeliedat a specifiec
time or when a water level is reached or when a water level difference is
exceeded) Raising of the Zpts over time is also permitted.o model the
influence of a landslide filling &ver).

Maximum Points Use these commands to increase the maximum number of elevation points
Maximum Vertices maximum number of vertices in a single polyline or polygon.

Default Land Z Now rarely used in lieu obet Zpt
Interpolate ZC Allows the interpolation of Zpts from other types of Zphsow rarely used as
Interpolate ZHC nearly allmodels assign values directly to all the Zpt$e original TUFLOW

code only required input of ZH points, alderpolate ZUVCprovided a tool for
interpolating the other Zpts.

Interpolate ZUV
Interpolate ZUVC

Model s with #fbummyfrom dreome laser surveys, might

Interpolate ZUVH benefit from usindnterpolate ZHCor Interpolate ZUV

Models through urban areas where the DTM includes the buildings may ber
from usinglnterpolate ZCALL LOWER, which reduces the amount of cells th
become blocked out due to high ZC elevations from buildings.

ZC == MIN(ZU,ZV) Rarely used Sets the ZC (cell centre gkion) to the lower of the ZU and Z2V
(cell sides).
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6.7 Active / Inactive Areas

Each cell in a 2D domain is assigned a code to indicate itsltgteist have a value of one of the types
in Table6-3. The default code value is one fby active ori wat er 0.

Commands used to modify the cell codes @e¢ Code Read GIS Coddor Read GIS Code BG
ReadRowColCodein the .tgc file Read GIS BGn the .thc filealsoautomatically sets the Boundary
Cell code of 2 along external boundaries

A typical approach is to set the cells to Heralctive with the (Set Code == 0) and then read a GIS layer
defining the active cells with Read GIS Code == <laydrbe GIS layer would have the attribute set to
1 for active For example:

Set Code == 0 ! Setallcellsto inactive ( ie. Code 0)

Read GIS Code == .. \ model\ mi\ 2d_code_MO01_002.MIF

Note when using theRead GIS Codecommand, code values are extracted from objects in a
2d_code layer (se@able6-3). When using theRead GIS Code BG code values are extracted from
objectsina 2d_bc layer (segable7-5 t hat have a Type attribute of
from the 2d_bc f attribute. Confusing the two GIS layer types and commands will result in a
WARNING 2320message being issued

For models containig multiple 2D domainsa useful option for setting the cell codes is the INVERT
flag (seeRead GIS Coder Read GIS Code Bzwhich allows the same code layer/polygons to be used
for both 2D domains.

Other useful commands incluékead GRID Codewhich allows for the assigning of cell codes from an
ASCII grid andSet CodeandClean Zpf which assigns cells as actigeinactive based on whether an
elevation has been assigned to the cell

TUFLOW automatically strips any redundant rows/columns around the active area of the model to
reduce simulation timesThis is described in Sectidh5.
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Table 6-3 Cell Codes

Type Code Description
Land or 0 Land cells are cells that are totally removed from the computalidme n a me
Redundant comes from coastal hydraulic studies whéxeland was the permanently dry area.
Cells Maximising the area of land cells reduces computation time and output file sizes.
Water or 1 Water cells are active cells that can wet and dry.
Active
Cells

Boundary 2 Boundary cells indicate water cells thaivie an external boundary (including some
Cells types of 2D/1D dynamic links)There must be a water cell on one side and a null orf
land cell on the otheat an external boundary

Note: It is not necessary to manually specify each boundary Bellindary linesare
digitised in the GIS and TUFLOW automatically assigns the boundary code to the
(seeSection7.4.1andRead GIS B

Null Cells -1 Inactive cells used to deactivate cells within @leéive domain Null cells are often
preferred to land cells as they are not excluded when TUFLOW outputs in SMS.fo
For two simulations to be compared in SMS, they must have exactly the samelime
an area in a model is removesy(filling part of a floodplain), use null cells or raise th
ground elevations in preference to using land cells so that the two simulations can
compared.

Note: In earlier versions of TUFLOW null cells were used to indicate the outside s
of an external boundaiiythis is no longer the cas€ells on the outside of a boundary
can be either a land or a null cell.

Table 6-4 2D Code (2d_code) Attribute Descriptions

Default GIS
No. Attribute Description

Name

Command

1 Code The code value (sekable6-3) to be assigned to cells falling on or Integer
within the object.
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6.8 Elevations

6.8.1 Direct Reading of DEM Grids

The use of thetgc commandRead Grid Zptallows TUFLOW to directly interrogate (point inspect) a
DEM to set the Zpt elevationsThis command is similar tBead TIN Zptdut works on a grid rather
than a TIN.

Grid formats currently supported include the ESRI ASCII Grid format {.@sd binary grids (.flt)
Theseformats are alsaas used by TUFLOW _to_GIS to export gri@ee Sectiod5.2.)).

Nearly all 3D surface software (12D, ArcGIS, Discover, Vertical Mapper) offer the ASCII format for

exporting grids For example, in Vertical Mapper from Grid Manager,Tise o | s > aiElxhoser t é
ASCII grid export (.txt)

Instructions for egorting an ASCII formatgrid usinga number of GIS packagésprovided on the
TUFLOW wiki as per the links below:

 Maplinfo with Vertical Mapper

1 ArcMap
T QGIS

Note that for ArcMap and QGIS ing the binary.flt version is faster to read and write and can be used
instead of theASCII format Instructions for exporting to this format can be found on the foiki
ArcMap and the TUFLOWUtility asc_to_asc.exe (to be renamed grd_to_grd.exe) can readigrco
one, a selection or all grid files in a folder between various forasatéscussed here

TUFLOW will accept any file extension at presemts t her e d o e standatd If hefdem t o
extension is .flt the binary float version is assumed, TUFLOW will assume the file isA8@iléformat

for any other extensions=ERROR 233%r ERROR 2334will be issued by TUFLOW the file is not

in the ASCII format

By using this command, your TUFLOW model will very likely become cell size independent
change cell size onlyvolves changing the .tgc comma@idll Size and modifying your timestep

Like other .tgc commands, the commaebd Grid Zptean bespecifiedmultiple times An option to
specify ADD, MIN or MAX in the same way as for other similar commands is alsdadlai

Clip regions can bspecifiedas a second argument in the comm@aedd Grid Zptfand alsdRead TIN

Zpt9) by reading in a GIS layer containinge or more polygons to clip the area of Zpts to be inspected
For example, the command below will only assign elevations to Zpts that lie inside polygons within the
2d_clip_DEM layer:

Read GRID Zpts == DEMDEM_MOL.txt | DEM \ 2d_clip_DEM.mif
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The attributes of the clip layer are not used, and only polygons are procdssedich, any of the
TUFLOW empty files can be used as the template for this.lagetygons can have holes in them if
required.

This is particularlyuseful for clipping out a TIN or DEM due to unwanted or irregular triangulation
around the periphery, especially for secondary TINS/DEMs of proposed developments lying within the
primary TIN/DEM.

Note: For your base Zpts from the primary DEM or TIN, do not clip this with your active 2d_code
layer as this will cause problems with Zpts along any external 2d_bc boundarie#f no clip layer
is specified, theRead GRID Zpts or Read TIN Zpts commands assign all Zpts falling within the
Grid / TIN an elevation irrespective of whether a cell is active or inactive.

6.8.2 Zpt Layers (2d_zpt)

2d_zpt layersare used to modify Zpt elevations over an ardéhen the layer contains point objects,
these aredcated at th&C, ZU, ZV and ZH locationsvithin a 2D cel] with each point being assigned
an elevation The layer is usually initially generated by TUFLOW usifigte GIS Zpts which creates

the .mif.mid or .shp/.dbf fies. Elevations are then assignedtie fourth (Elevation) attributeom a
DEM using3D surface modelling software (for example, Point Inspection Analysis tool in Vertical
Mapperor the Extract Values to Points feature in Spatial Analyst

Unlike nealy all other layers, TUFLOW only reads the .nod .dbffile for the 2d_zpt layer The
.mid/.dbf file contains the attribute data in comma delimited formatad RowCol Zptseads the
attribute data and locates the eton within the 2D domain using the n, m and Type attribuld®
attributes of the 2d_zpt layer are listedimble6-5.

Read RowCol Zptcan be used as many times as neediedthe .tgc fie, a second instance of
ReadRowColZptscan be used to read in the new elevation values to override the original ones

The Read RowCol Zptscommand has two disadvantageshe GIS layer is cell size dependerdand
the point featuresare processed by TUFLOW based on their computational grid location (m,n),
not the realworld coordinate location. This meansthe 2d_zpt layer may need to be updafeatie
model cell size, originr extentare changeé. For this reason, the preferred approach is téeseal Grid
Zpts(see Section.8.1) or Read TIN Zptdo define the basBpt elevations A combination ofeatures
discussed irsection6.8 may be used tprovide further definition to key features of the topography

2d_zpt layers may also be referenced using the .tgc comRead GIS Zpts In this case, the format

of the 2d_zpt layer is different and as showrTable 6-6. Any Zpt (ZC, ZU, ZV and ZH) falling
within/on an obj ect .iThe objectsmiagbe a ckgionapgon),ditejorepoitt 6 s v a |
noting that lines may also be digitisedthim a 2d_zIn layer and referenced using the command
ReadGIS Z Line (seeSection6.8.3.
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The ADD option adds the value dfe A El evati onodo attr i.bUsdaenegatite t he
value to subtractThe MAX option will only raise a Zpt from its existing value, while the MIN option
will only lower the Zpt value from its existing value.

The Read GIS Zpts format islssupported, however, the Read GIS Z Shape offers afutiationality
of the Read GIS Zpts and a lot more, it is therefore the preferred appidecRead GIS Z Shape layer
offers greatetraceabilityin terms of check files and also allows min / nmgtion to bespecifiedfor
each object rather than for the whole layer.

Table 6-5 2D Z-point (2d_zpt) Attribute Descriptions (Read RowCol Zpts Command)

Default GIS
Attr ibute Description
Name
Command
1 n 2D grid rowin which the cell is located. Integer
2 m 2D grid columnin which the cell is located. Integer
3 Type One of ACo, AUO, 0 Vo thoeaevafioHdis atthe | Char(l)

ZC, ZU, ZV or ZH location as shown Figure6-1.

4 Elevation Elevation of the pointlt is good practice to change the name of this Float
attribute from AEl evationodo t o {

Table 6-6 2D Z-point (2d_zpt) Attribute Descriptions (Read GIS Zpts Command)

Default GIS
\[oR Attribute Description Type

Name

Commands

1 Elevation Elevation of the point or polygon in a 2d_zpt GISdgyor a polyline Float
within a 2d_zIn GIS layer

When the ADD option is used, the valuetleéii E| ev at i ono
added to the value of the existidgts

TUFLOW USER Manual i Build 2016-03-AA A-I-LJFLOW

o


http://www.tuflow.com

2D Model Domains 6-19

6.8.3 3D Breakline Layers (2d_zIn)

2d_zIn layers are used for adjusting the closest Zpttidergo lines representing the crests or highpoint
of levees, flood defences, roads, railways and other embankments that obstrudthfiolines can be
3D in shape and height using elevation poir2d_zIn GIS layers use the same format as 2d_zptdayer
as shown imable6-6. They are referenced using the .tgc commiaeddGIS Z Line.

TheReadGISZLinedef ault i s to model a Athind | ine which
only. If the THICK option occurs, interpolated Z values are applied to whole oelkst the cell centres

(ZC), all cell sides and cell cornergpther optional flags such as MAX, MIN, RIDGE or GULlare

also available

Users should also be aware of thead GIS Z HX Lindor assigning Zpt elevations along HX lines.

The use oboth the 2d_zpt and 2d_zIn layewgre previously the most powerful metlsddr easily
manipulating the 2D geometryThey continue to be supported, howewasers should familiarise
themselves with th&ull range of capabilities available with the usedf ztin (Sectior6.8.4), 2d_zsh
(Section6.8.95 and 2d_vzshSection6.8.9 layersas described in the following section®ne of the
advantages of continuing to useth the 2d_zpt an2id_zIn layers is that they only require one attribute
and are therefore simpler to use.

6.8.4 3D TIN Layers (2d_ztin)

TINs (triangulations) ofelevation points and 3D lines within a polygon can be carried out using
CreateTIN Zpts This is particularly useful for modifying the Zpt elevations where there have been, or
are proposed, changes to the base DEMvZjptes

This feature can also be used as an alternative to dsing) RowCol Zptfor the base DEM elevations,
although it is noted that if dealing with large data sets, it is likely to be much more efficient to use 3D
surface modelling software to triangulate the data,Rmeld Grid ZptsRead RowCol Zpter Read TIN

Zptsto read the data into TUFLOW.

The protocols gpliedto theCreatelT IN Zptscommand ee:

1. ATIN s created for each polygon in the 2d_ztin layer
2. Any points found within a polygon are used when generating the TIN.

3. Any lines are converted to points, and those pdailing within the polygon are used for the
TIN creation Lines are converted to points as follows:

(i) All vertices (nodes) of the line are converted to points.

(i) The dMax attribute is used to inseFor addi't
exampe, if dMax is set to 10, then additional intermediate vertices are inserted at least
every 10 metrefetween the existing vertices where the distance between the existing
vertices exceeds 10nif the dMax attribute does not exist or is zero, half thel2®ma i n 6 s
Cell Sizeis used as the dMax value.
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@yl f there are any points snapped to the | ine
to set the elevations at all the vertices generated along théditieés way,a 3D breakline
effect can be produced withinthe TINf t her e are no points snap
elevation is used giving the effect of a horizontal line.

4. The perimeter of the polygon/TIN can either be merged with the current Zpt valuegotshav
own values as follows:

(i) If there are no points snapped to the perimeter of the polygon, the elevations of the
polygonb6s perimeter vertices, and of any a
current Zpt values€. the Zpt values assigned bByy prior commands)

il f there are one or more points snapped to
is not merged with the Zpt values, and the elevations of the snapped points are used to
assign elevations to the perimeter vertices and atoynatically inserted vertices.

(i) The frequency of any automatically inserted points around the perimeter is controlled by
the dMax attributel f t he dMax attri bute does not exi
Cell Sizeis used.

A useful quality control option dEreate TIN Zptss the WRITE TIN option If this option is specified,

a SMS .in file is written for each TIN generated, and the triangles are written to the
2d_sh_obj_check.rhiayer. This means that the TIN can be crabecked in SMS, viewed in 3D, and
edited and modified if desiredread TIN Zptan be used to assign Zpt elevations from the modified
SMS TIN.

A second argument to specidyGIS layer containing one or more polygons to clip the area of Zpts to
be inspected can be used with flead Tin Zpteommand Refer to Sectios.8.1for more information.

Table 6-7 2D Tin (2d_ztin) Attribute Descriptions

Default GIS
Attribute Description

Name

Command

1 4 Point: Elevation of the point. Float

Line: Elevation of the line Ignored if there are any points snapped
the Iinebs vertices.

Polygon: Not used.

2 dMax Point; Not used. Float

(optional) Line: Maximum distance between automaticaltgatedntermediate
vertices If set to zero or this attribute does not existlf the 2D

d o ma Cail 8izeis used If less than zero no intermediate vertices
are inserted.

Polygon: Same as for Line above.
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Example 1:Haul Road Example of Using Create TIN Zpts

The images and text below ifitrate an example of usingreate TIN Zptsto easily incorporate a
proposed haul road into a TUFLOW modélead GIS Z Shapean also be used in a similar manner
The data for thisxample was provided courtesy of Hatch

The image below shows the base DEM and a layer of points provided from a civil design CAD package
in XYZ format. The points represent a proposed haul road to be built across the floodplain.

The points were copieidto a Mapinfo layer named 2d_ztin_haul_road_pts.tab, with the only attribute
being the Elevation attribute that contains the Z valuds new layer was created and named
2d_ztin_haul_road.tab, and the polygon shown as the black solid line in the inagemasl digitised

Note the polygon does not need to snap to any of the points and can be digitised raligiigatively

the points and polygon can be placed in the same layer if desired.

2 www.hatch.com
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Create TIN Zpts= 2d_ztin haul_road.mif was used to have TUFLOW create a TIN within the polygon
as shown in the image below, and override the DEM Zpt values.

The image below is of a DEM created from the TUFLOW Zpts with the polygon shown inkgegan
be seen the haul roadN has merged seamlessly with the existing Zpts from the base DEM.
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. d
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The WRITE TIN option (se€reate TIN Zptkcan be used to write the TUFLOW TIN as a SMS .tin
file. This file can be opened in SMS for viewing andiadithe TIN The image below shows the haul
road TIN in 3D If the TIN is modified Read TIN Zpt€an be used to read the TIN back into TUFLOW

T SMS 10.0 - [untitled.sms]

Fie Edit Display Data Triangles Scatter Window Help 15 %
SHS @ IECERY
% | ¥: | z | s | i | Yy |
# g Scatter Module Elevation
E--Eﬁ Scatter Data @ 2587
=[] 2d_z¢h_road MIF 236.4
- [123] Elewation ﬁ 2341
E--fi{: Map Data ? 2318
~.[7]€D default coverage i 2206
) 2272
ta 2249
2226
@ 2203
| 215.0
re
0
o
T
&
e
&
A
]
|
i)
(5]
EXY T I”EX FaEs
|
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Example 2 Highway Embankment Removal Example

The figures belovpresat another example where a new highway, which exists in the DEM, needed to
be removed because the calibration flood events occurred before the highway waRédmniival of

the highwayonly required thaligitising of a polygon around the highwaAll attributes were left as
their defaults, and there was no need to specify any elevation .pdtittser Create TIN Zptsor
ReadGIS Z Shapecan be used for this purpose.

Need to remove B , 7 » 2d_ztin or 2d_zsh
highway from DEM i polygon ('_FIN created by
to model calibration 3 TUFLOW is also shown)

event.

DEM of TUFLOW

Zpts after applying

‘ polygon to remove

Zpts as sampled from | highway
DEM ] n ' ‘

DEM of TUFLOW

Figure 6-2 Example of Using a 2d_ztin or 2d_zsh Layer to Remove a Highway Embankment
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6.8.5 Z Shape Layers (2d_zsh)

Read GIS Z Shapaffers a wide range of options for manipulating and modifying the/@pies These
include 3D breaklines and TINg able6-8 provides a description of the different attributes.

When a mixture of different shapes and shape options occur within the same layer the following
protomls are used to control how Zpt values are modified.

1. The order in which objects are processed is:

(i). Polygons: All polygons are triangulated according to the process described for
CreateTIN Zptsin Section6.8.4 The only difference to note is that if a line is to be used
for the TIN generation, thBhape_Optionattribute for the line must include the keyword
ATI NoO.

(ii). Wide Lines: Wide lines are lines that have a Shape_Width_or_dMax attribute value
greaterthan 1.5 times the 2Dell Size A buffer polygon is created along the line, and all
Zpts falling within the buffer polygon are assigned elevations based on a perpendicular
intersection with the lineNote that wide lineare processed in the order that they occur in
the GIS layer, so if the buffer polygons of two wide lines overlap each other, the latter one
prevails In this situation it would be wise to separate the two lines into two different layers
Buffer polygonscan be viewed in the 2d_sh_obj_check.mif layer.

(iii). Thin and Thick Lines: Thin lines have a Shape_Width_or_dMax value of zero and Thick
lines a value less than or equal to 1.5 times th€2IDSize For a more detailed degation
of Thin and Thick lines sdeéead GIS Z Line Thin and Thick lines are applied depending
on theShape_Optionattribute setting as follows:

() All ADD lines are applied first.

(i) Followed bylines without any option (tlse will modify all Zpts affected by the line).
(iii) Followed by GULLY, LOWER or MIN lines.

(iv) And finally any RIDGE, RAISE or MAX lines.

2. The priority can of course be further controlled by using different layers and conttbking
order which layers are listed &@subsequentlprocessed in the .tgc file.

3. Note thatRead GIS Z Shapases a new GULLY line approach (for thin and thick lines)
compared with th&ead GIS Z Linapproach The new apmach assigns Zpt values that are
interpolated using the perpendicular or nearest point along the breakline

Some examples of usimgead GIS Z Shaparegiven below
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Example 1:Triangulating Elevationsover a Null Area

The imagebelow shows an example of a DEM that is missing data over a small area within the 2D
domain Gaps in coverage typically occur over water bodies and occasionally between the tiles of ALS
or LiDAR data received from a third party provider

The .tgc commandset Zptmay be used to quickly an
easily assign elevations #ptsfalling within these areas
however thdimitations of thecommandmean thesame
elevation will be assignet all null Zptsacrosgheentire

2D domain This may not be suitablm situationswhere
there are multiple gaps in coveragevdrere the gajps

locatedon steep terrain.

2d_zshpolygonsmay be used tdriangulateZpt values
based on th&pt elevations of the polygon perimeter.

Import in an empty 2d_zsh GIS layer, and digitise
polygon around the gap in coverage as showmsure
there is a reasonable buffer around the null .aréhe
attributes of the polygon may be left blankiternatively,
a value may be eWidtrle dori
attribute to control the maximum distance betw
intermedi at e points i ne¢
perimeter to interpolate elevationgvhen left blank, this
di stance is half the 2D

This image shows the resultindEM_Z.flt check file
The_zsh_zpt_chedayer can be used to view the fizgdt
elevation assigned
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Example 2: Use of the NO MERGE and ADD Shape Options

The NO MERGE option can be used to assign a single elevationZptafialling within the 2d_zsh
polygon. This may be useful to set the elevation gialygon to a known finished floor level af
proposed developmenDigitise a polygon within an empty 2d_zsh GIS layer, and populatdifite
attribute of each object with the desired elevatiBne t Shapes Opfionsattributeto NO MERGE

The example below will assign an elevation of 42.1mAHD t@ptilocated within th&d_zsh polygon

Info Toaol

\El

Z: 421
dz:| g
Shape_Width_or_dMax: | g
Shape_Optiens: | NO MERGE

<< | | =e | | List _2d_zsh_example -

Note that if the NO MERGE option is omitted and

points are snapped to the perimeter of the polygon, t
attibute will be ignored and thgpt elevationswill be

triangulatel based on th&pt elevations of the polygol
perimeter

Alternatively,to raise the polyon by a fixed valueié. to represent the sldieight of a buildinyyenter
thisvalueinthe Zattoiut e a n 8hape eOptioish € oA ADD

Info Tool @

Z:| 015

dz| g
Shape_Width_or_dMax: | g
Shape_Options: | ADD

<< | | #» ]| List _2d_zsh_example -

TUFLOW will add the value entered in the Z attribute
the existingZpt elevations within the polygorrhe entry
within the figure to the leftvill raise Zpt elevations by
0.15m The use of a negative valuéll lower the Zpt
el evati ons by the v.allhe

zsh_zpt _checlayer can be used to view the elevati
points ¢pts) that have been modified.
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Example 3: Raising anEmbankment

The ADD option may also be used when the 2d_zsh object has been digitised afapulate the Z
attribute with the amount the embankment is to be raisedPby p u | a $hape_tOptiertsattribute
with ADD as shown in the secadffigure ofExample2 above This will raise the existingpt elevations
by the value of the Z attributdy default, TUFLOW will assume a thin line, and only alterZke ZU
and ZV Zpt elevationsfa cell T h eshafje_Width_or dMax at t r i boptibnally specified be
representt THICK or a WIDEline (refer to Sectior®.8.5andTable6-8).

Alternatively, if a 3D breakline has been digitised, the dZ attribatthe snapped pointsay beused

to raiseor lowerthe embankmentThe dZattribute increassor decreassthe elevation ofthe o i nt 6 s
Z attribute by the amount of d4n the example below, a 3D breakline has been created by snapping
points to either end of the polylinghe elevatias along the line aetermined by linear interpolation

of the Z attribute of the point€Entering a positive dZ value aach pointvill raise the elevations at the
points by the amount of d& each poinf0.2mfor one of the points thefigure bebw). The elevations

along the line are then interpolated based on these revised.vdloes zsh_zpt _check layer can be
used to view the finapt elevation assigned.

Info Tool @

Z 325
dz:| g2
Shape_Width_or_dMax: | g

32.5 Shape_Options:

31.9

<4 |23 ] | List _2d_zsh_example -
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Example 4: Removing ridges from a poorly triangulated DEM

The image showsvo false ridges indicated by the
letters Thesewere caused by a poor triangulati
by the TIN software used to create the DEWhese
ridges caused unrealistic flow patterns as show
the velocity vectors

The blue cells at the bottom are the detmeam
boundary cells.

This image is of a DEM produced from t
2d_zpt_check.mif layer (which is shown as
points) This is how TUFLOW sees the DEM de
with the false ridges clearly shown.

To remove the ridges, import an empty 2d_zsh ls
anddigitise a polygon around the ridges as sho
By default {e. using the default attribute values), t
elevations assigned around the perimeter of
polygon are interpolated from the current Zpt valt

One problem with this approach is that the elievest
along the right hand sidée( along the edge of th
floodplain between Locations A and B) ¢
interpolated from the high Zpts along this boundi
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To solve this problem, digitise points either into
2s _zsh | ayer or intsnap
to the vertices of the polygon where the h
elevations occur Assign a Z attribute 0f99999to
each point as shown in the imagéerhe -99999
indicates to not interpolate an elevation from
existing Zpts Instead, the elevations at Locations
and B are used to interpolate elevations at ver
where-99999has been assigned.

UseRead GIS Z Shapt® process the polygon ai
points and generate the TIN as shown in the im
The TIN can be viewed by impang the
2d_sh_obj checklISlayer.

This image shows a D created from the
2d_zpt_checksISlayer with the above 2d_zsh lay
applied As can be seen, the ridges have b
removed and the flow patterns are now realistic
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Table 6-8 2D Z-Shape (2d_zsh) Attribute Descriptions

Default GIS
Attribute Description

Name

Command

1 A Point: Float

Elevation of the pointPoints are only used to assiglevations along
lines and polygon perimeters, or for the creation of TINs within
polygons They do not modify Zpts directly.

An elevation 0f99999has a special meaning when the point is
shapped to a venteof a polygon The-99999indicates to ignoréhe
elevation at thatertex and of any automatically inserted vertices
between thatertex and the two neighbouring verticeBistead the
elevations are based on the elevations of the neighbouring velifice
a neighbouringertex also has a99999point snapped to it, the next
vertex is used, and so orThis feature is very useful, as illustrated ir
the example above.

Line:
Elevation of the line if no points are snapped to the line

If the ADD option is specified, the value entered is useidcreas
(positive 62Z6 values) or decr
the Zpt values by the amount specifiéd. a value of 0.5 will raise
existingZpt values by 0.5m

Otherwise ignored.
Polygon:

If the NO MERGE option is specified, used to tet elevation of the
polygon perimeter if there are no points snapped to the perimeter)

If the ADD option is specifiedhe value entered is used to increase
(positive 6Z6 values) or decr
the Zpt values by the amont specified.

Otherwise ignored.
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Default GIS
Attribute

Description

Name

Point:

Change in elZ&vat t oinbsheapeobjdudt thad h ¢
point To leave@bunchanged, set to zertseful for easily adjusting
the height of the shape object without havinghange the originaizé
value For example, if the Z attribute has been set to 5mAHD, a dj]
value of 0.1m will raise thp 0 i & élévation to 5.1mAHD.

Line:
Not used. Recommend setting to zero.
Polygon:

Not used. Recommend setting to zero.

Float

3 Shape_Width_
or_dMax

Point: Not used.

Line (no TIN):

Provided ATI NO i sShape Optiongitibate, this €
attribute specifies the width (thicknesd)the breakline in metredf
equal to zero, only the elevations along the cell siaeksornersare
adjusted ig. a thin breakline) If lessthan or equal to 1.5 times the 2
Cell Size a line of whole cells is adjustei@(a thick line) Otherwise
all Zpts within a distance of half Shape_Width_or_dMax ajased.

Line (TIN):

I f ATI NO i s Shagpe Odtidnattebdte, thie attributé e
controls the maximum distance between automatically added
intermediate verticesl f set t o zer o Cdllé&itefs
usal. If less than zero no intermediate vertices are inserted.
Polygon:

The maximum distance between intermediate points inserted arod
the polygonds perimeter to in
If equal to zero, half the 2Dell Sizeis used If less than zero no
intermaliate vertices are inserted.

Not used if the NO MERGEr ADD optiors arespecified

Float

4 Shape_Options

Point: Not used.
Line or Polygon:

ADD: Add & hé o tdagioeb@mirrent Zpts If ADD
is specified, any automatic merging around the region perimeter ig
ignored (to merge the perimeter with existing Zpts when using the
ADD option, specifya value ofzerofor theZ and dZattributesfor the
region).

MAX, RIDGE or RAISE Only changes a Zpt elevation if the Z Shg
elevation at the Zpt is higher.

Chax(20)
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Default GIS

Attribute Description
Name

MIN, GULLY or LOWER: Only changes a Zpt elevation if the Z
Shape elevation at the Zpt is lower.

Line Only:

TIN: Indicates the line is only to be used &mgeneration of TNS
from polygons (therefore, only sections of TIN lines that fall within
polygon(s) are used).

Polygon Only:

If none of the options below are specified, the elevations at perimg
vertices that do not have an elevation point snapped to them are
merged with the current Zpt values.

MERGE ALL: Ignores elevations from any points snapped to the
perimeter and merges all perimeter vertices with the current Zpt
values.

NO MERGE: Does not merge the perimeter elevations with the
current Zpt values.
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6.8.6 Variable Z Shape Layer (2d_vzsh)

TUFLOW 2D model topographgan be variedver time to simulatbreaching of embankments or even

the filling of a river due to a landsliddhe 2d_vzsh layer is used to define the final topographic shape

at the end oftte breach and/or fill periodThe first four attributes are the same as for the 2d_zsh layer,
plus there are some additional attributes to define how/when the breach commences and for.how long
The breach/fill can be triggeresing a number of methods:

1 Ataspecified time
1 When the water level reaches a specified height at a specified (trigger) Ipoation

1  Whenthe water level difference between two triggers exceeds a specified amount.

Table6-9 presents the titbutes of a 2d_vzsh layer and an example is discussed and illustrated in the
next section.

This feature should be used instead of the 2d_bc VG option (unless the rate of change of the erosion/fill
is nonlinear) as 2d_vzsh layers aimpler to defineand manage.

Variable Z Shapes can be restored once or repeatEghmples would be a breach of a flood defence

wall or levee that is reinstated 6 hours later, or a sand bar of a creek entrance that repeatedly opens and
closes To use tle restordeature,two additional attributes Restore_Interval and Restore_Pariod

requiredas described below ihable6-9 (note: these attributes may need to be manually atdoad

GIS laye}. If theseattributesdo not exis(ie. there is less than 10 attributes), or Restore_Period is zero

or negative, there will be no restoration of the Z shijme: If additional attributes have been added

t o a 2d_vzsh |l ayer f or ensunreethatuhe eResbore_Intervah andr e f er e r
Restore Period attributes are located in columns 9 and 10otherwise the users additional

attributes will be interpreted as restore functions

Table 6-9 2D Variable Z-Shape (2d_vzsh) Attribute Descriptions

Default GIS o
: Description
Attribute Name
Command
1 Z Same as forable6-8. Float
2 dz Same as forfable6-8. Float

The exception is for a thin line, for which the final elevations
along the line can be set to dZ metag®ve the current Zpt value
For exampleif a thin line represents a fence that is being
collapsed, and the finished height of the collapsed fence is to
0.2m above existing ground levels, specify a dZ value of Rdte
this only applies if the NO MERGEhape_Optionkas not been
specified.
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Default GIS
Attribute Name

Description

3 Shape_Width_or_d
Max

Same as forable6-8.

Float

4 Shape_Options

Point: TRIGGERor TIGGER 1D Indicates the point is not an
elevation point, but a trigger locatioif he trigger must be given
name using the Trigger_1 attributERIGGER 1D is required if
1D node water levas usedo trigger a 2D variable Bhape The
trigger point must be snapped to the 1D node or channehehd
2d_vzsh layeto achieve this

Line or Polygon: Same as forable6-8. Exceptthe ADD option
is not suppoHd.

Thin Line:

NO MERGE: For thin lines (Shape_Width_dMax =0), the
final elevations along the line are as specififdNO MERGE is
not specified for a thin line, the final elevations are set to be th
same as the current Zpt values plus the dZ value
REPEAT:. Specify this option for the variable Z shape to
repeatedly function indefinitely based on thedow trigger and
restoreattributes.

Char(20)

5 Trigger_1

Point: If Shape_ Options set to TRIGGERTr TRIGGER 1D
enter the name of the trigger ldican. The name can contain any
characters and can include spac@sherwise not used.

Line or Polygon: To commence the failure at a specified time
leave blank.

To commence failure based on reaching a water level elsewhd
the model, enter the nametbe trigger location

Thin Line: For thin lines there are two special options as follo
Specify DEPTH to have the failure commence once the depth
water adjacent to the cell side exceeds the amount specified f
Trigger_Value Specify DEPTH DIFRo have the failure
commence once the difference in water level across the cell s
exceeds the amount specified for Trigger_Value.

Char(20)

6 Trigger_2

Point: Not used.

Line or Polygon: The name of a second trigger location (only
needed if the breadh to be initiated on a water level difference
between two trigger locations).

Char(20)

7 Trigger_Value

Point: Not used.

Line or Polygon: If Trigger_1 is blank, the simulation time in
hours that the breach is to commence.

Float
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Default GIS

: Description
Attribute Name

If Trigger_1 is specified andrigger_2 is left blank, the water
level in metrest Trigger_1 that needs to be reached to trigger
failure.

If both Trigger_1 and TriggeR arespecified, the water level
difference in metrebetween Trigger_1 and Trigger_2 that need
to be exceeded toigger the failure The water level difference ig
taken as the absolute of the difference between Trigger_1 and
Trigger_2, so there is no need to specify a negative value.
Thin Line:

If ADEPTHO is specified for
adjacento the cell side that needs to be exceeded to trigger th
failure at the cell side
I f ADEPTH DIFFO is specified
difference in metreacross the cell side that needs to be excee
to trigger the failure

8 Period Point: Not used. Float

Line or Polygon: Time in hours over which the variation in Zpt
elevations occurs.

9 Restore_Interval | The time in hours between when the variable Z siagdinished Float
altering the geometrgnd when to start restoring the Zpts baxk
their original values

10 Restore_Period | Time in hours over which the variation in Zpt elevations octury  Float
restore the Zpts back to their original values

Example 1 Variable Z Shape Example: Breaching of an Embankment

The image bel shows an example of a 2d_vzsh lay@ihe solid magenta line is the polygon, the
magenta dashed lines are polylines used to enforce TIN breaklines, and the four magenta points all have
an elevation of 41.0mThe Shape_Optionattribute for the polygon as set to MIN (this means that

the Zpt elevation can only be loweréé. eroded), and the dashed lines h&ape_Optionsef TIN (to

indicate that they are to be used for TIN generation, and not for Z.lifiég) vertices of the polygon

that do not hava point snapped to them are assigned an elevation based on the existing Zpiveues
polygon vertices with the points snapped to them are assigned the elevation of the point (in this case, all
at 41.0m) The elevation of the dashed lines will be canstat 41m as they are snapped to the 41m
points.

The only other object in the layer is the yellow pin point labelled is is a trigger point and its only
attribute values are: TRIGGER fthre Shape_Optionattribute and A for Trigger_Jattribute This
sets the point as a trigger po.Themagentdpolygorealséi A0 i s
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has attribute values of: A for Trigger_1 (this indicates that the erosion trigger is based on the water level
at Trigger Location A); a Trigger aue of 42.0i€. when the water level at location A reaches 42m,
start the erosion); and a Period value of 1.0 indicating that the erosion takes one hour to complete.

The final eroded Zpt values are based on the TIN created by TUFL@\Wtréy trianglesn the image
below) The central section will be horizontal at 41m sloping up either end to elevations based on the
road level The 2d_vzsh_zpt check.mif layer is useful to view the Zffextedby the variable Z shape

This layer is also shown in thimage below The green triangles indicate that the Zpt level is to be
eroded, and the crosses indicate no change (this is because of tBaapié Options The final eroded

Zpt values are labelled in the image beld®@ther useful attributes are alseadable in this layer.

The images below show tineodelledbreachwhich occuraising the example abov&ach image is in
half hour intervals The colour shading is of the elevations (specify ZH &g Output [ata Typedo
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view the changes in ground level over time)The images below are from SMS using the
Map OutputFormat== SMS HIGH RES option.
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