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. Introduction Mikell

Hydraulic Modelling

1D River Modelling
with Mikell



Introduction Mikell

Overview
Software Tools for 1D River Modelling

 examples for numerical simulation tools

1D Hydrodynamic Simulation
* assumptions

* river modelling elements
Theoretical Background

* unsteady flow, Saint-Venant equations
e numerical method Abbott-lonesco scheme

Mike 11 Product

* components

e exercise: simple academic test case, simplified river model
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Part 1
Software Tools

1D River Modelling
Examples

25.11.2018 Introduction Mikel1 FM/BTU 4
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1D River Modelling Software Tools

Numerical Simulation Tools

 physics:  based on the Saint-Venant Equations
* numerics: mainly Finite Difference Method

* examples
Mike11 DHI (DK) -> MIKE HYDRO River
HEC-RAS U.S. Army Corps of Engineers (USACE)
Hydrologic Engineering Center (HEC)
1ISIS1D Halcrow/CH2M/Jacobs(UK) -> FloodModeller
SOBEK Deltares (NL)
KalypsolD TU Hamburg-Harburg
Bjornsen Consulting Engineers (D)
25.11.2018 Introduction Mikel1l FM/BTU 5
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1D River Modelling Software Tools

HEC-RAS

:IE][EE] M

Overview e —
. . . ::a. [Rusan LA +off Sraches | 3[8] Profles > o] ] MR itan | (NS0 |
* numerical simulation of e _Pm e
1D hydraulic water flow in = ENYL=| JEE
natural and artificial channels & :
subcritical, supercritical, mixed flow regime, .f;—'

bridges, culverts, weirs and structures

[ofi| 7 ol |

e simulation of:
- steady flow
- unsteady flow -
- sediment transport
- mobile bed computations
- water quality
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O 1D River Modelling Software Tools

HEC-RAS

Overview

e provider: U.S. Army Corps of Engineers
Hydrologic Engineering Center

* license: public release (see web page for details) since 1995
* version: 5.0.6 (2018)

e approach: unsteady flow: 1D Saint-Venant equations
finite difference method
Preissmann implicit scheme or 4-point Box scheme

 Web page: http://www.hec.usace.army.mil/software/hec-ras/

25.11.2018 Introduction Mikel1l FM/BTU 7
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1D River Modelling Software Tools

ISIS1D

Overview

e full hydrodynamic simulator for flows and levels in open channels and
estuaries, complex looped and branched networks

* complex structures and operating rules
* unsteady, steady, subcritical, supercritical and transitional flows

e water quality and sedlment transport modules

2 GIS Visualser - W:\Projects \WB RHPS River Hull P 500\02_N =101 x| (TN T
te_yen , : Gesise s imsaccn] =
\960 QQ‘QQ:.QQI’"EB 8 K A,== =HH ;;a‘.‘:’.‘:‘s.ﬁ-qz: . e
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O 1D River Modelling Software Tools

ISIS1D -> Flood Modeller Suite

Overview
e provider: Jacobs/CH2M / Halcrow (UK)
* license: ISISFree and ISIS1D (see web page for details)

 approach: unsteady flow: 1D Saint-Venant equations
finite difference method
Preissmann implicit scheme or 4-point Box scheme

 Web page: https://www.floodmodeller.com
integration in Flood Modeller Suite
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1D River Modelling Software Tools

MIKE11

Overview

* steady and unsteady flow in branched and looped channel
networks, and flood plains

e flow through a variety of structures
e subcritical and supercritical flow

e additional modules:
- advection-dispersion
- water quality and ecology
- sediment transport
- rainfall-runoff
- flood forecasting
- real-time operations
- dam break

25.11.2018 Introduction Mikel1l FM/BTU 10
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O 1D River Modelling Software Tools

MIKE11-> MIKE HYDRO River

Overview
e provider: DHI (DK)
* license: commercial and DEMO mode

 approach: unsteady flow: 1D Saint-Venant equations
finite difference method
Abbott-lonescu implicit scheme (6-points)

 Web page: http://www.mikepoweredbydhi.com
Mikell succeeded in the Mike2016 edition by:

MIKE HYDRO River

25.11.2018 Introduction Mikel1l FM/BTU 11
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1D River Modelling Software Tools

Conclusion

* several similar tools available
commercial, freeware, open source

e similar functionality

* same theoretical background
e.g. Saint -Venant Equations

e similar numerical approaches
e.g. implicit FDM scheme

-> software is no problem

» key factor of success
- data availability
- knowledge and expertise of the user!

25.11.2018 Introduction Mikel1l FM/BTU 12
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O—————

Part 2

1D River Modelling

by
1D Hydrodynamic
Numerical Simulation
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1D River Modelling

Approach

* reduction of the real-world flow processes to a 1D problem

Basic Assumptions

e water is incompressible and homogeneous
no significant variations in density

* the bottom slope is small
sin(a) = a and cos(a) =1

* wave lengths are large compared to the water depth

flow everywhere can be regarded as having a direction parallel to the bottom
vertical acceleration can be neglected
hydro-static pressure variation along the vertical can be assumed

* horizontal water level and equal velocity in a cross-section

25.11.2018 Introduction Mikel1l FM/BTU 14
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. 1D River Modelling

River Var Flood Modelling

* What do we need ?
- steady or unsteady flow ?
- subcritical or supercritical flow ?
- sediment transport, morphodynamics ?
- water quality ?

 Which physical state variables we are looking for ?
* Which coordinates (space/time) are relevant ?

25.11.2018 Introduction Mikel1l FM/BTU 15




O 1D River Modelling

Steady and Unsteady Flow

 steady -> all the time derivatives of a flow field vanish

% _o M _,

ot ot

e unsteady (transient) -> some time derivatives # 0

Q20 L4y
S - examples for time derivatives
dt ot
25.11.2018 Introduction Mikel1l FM/BTU 16
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1D River Modelling

Var Flood Modelling - Assumptions

unsteady flow

subcritical flow

supercritical flow nearby structures only

no morphodynamics (assumption!)

no water quality study and or impact to HD
physical state variables: water level and discharge

coordinates: 1D along the river and time
2D cross-section vertical to river: value integration / average

25.11.2018 Introduction Mikel1l FM/BTU 17
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1D River Modelling

River Model Information Components

* geometry river location by points (geospatial location)
cross section vertical to river branches

* topology connection of branches -> channel network

 physics parameter for physical descriptions

of phenomena's such as gravitation, friction, ...

e structures description of different hydraulics structures,
e.g. weir, culverts, bridges, pumps, ...

* boundary cond. physical state variables at spatial model boundary
* initial condition physical state variables at begin of simulation period

 simulation period, time step, spatial approximation,
numerical parameter, stability criteria

25.11.2018 Introduction Mikel1l FM/BTU 18
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1D River Modelling

Geometry and Topology Data

e list of points in a 2D earth surface coordinate reference system
-> global 2D geospatial coordinates

e connection of points to a line as river branch
-> local 1D coordinate along river -> chainage

e upstream/downstream connections -> river network

-> topological network structure

e cross section -> cut vertical to local 1D river longitudinal axis
-> 2D: local horizontal coordinate, global vertical coordinate

e structures: bridge, culvert, weir, pump stations, ...
-> |ocation by 1D river coordinate (chainage)
-> relevant geometry of structure

25.11.2018 Introduction Mikel1l FM/BTU 19
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e 1D River Modelling

Physics — Bed Resistance

e friction between river bed and
water flow due to gravity in channels
* depends on bed type and slope
-> |ess friction for smooth concrete

-> typical friction for normal gravel
-> high friction for rough stones/rocks and vegetation

e part of Saint-Venant equation
head loss (potential energy) due to friction along a channel

25.11.2018 Introduction Mikel1l FM/BTU 20
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e 1D River Modelling

Physics — Bed Resistance

e Gauckler—Manning—Strickler formula (empiric)
vV = % Rh2/351/2

v cross-sectional average velocity

n  Manning coefficient

R, hydraulic radius (-> wetted area / wetted perimeter)

S slope of the hydraulic grade line, channel bed slope (constant water depth)

e coefficients

Chezy coefficient C=1/n RY®
Manning coefficient n
Strickler coefficient K.,=1/n (->in Mikell called Manning value M)

* mathematical relation between values

* North American / UK and European point of view

25.11.2018 Introduction Mikel1l FM/BTU 21

“ @ UNIVERSITAT POLITEGNICA ¥ Vrije bt ?ra:dcntl:_.-zischc | wﬁewcaslﬂe @ e /"H | o
Universiteit echnische University niversity POLITECHNINA WARSZAWSE -
Erasmus+ e eATALU U sty @ Universit A

DDDDDDDD



1D River Modelling

Physics — Bed Resistance

 Manning values - examples
Minor Streams (top width at flood stage < 30 m)

Streams on Plain Manning n Strickler K
1. Clean, straight, full stage, no rifts or deep pools 0.025-0.033 30-40
2. Same as above, but more stones and weeds 0.030-0.040 25-33
3. Clean, winding, some pools and shoals 0.033-0.045 22-30
4. Same as above, but some weeds and stones 0.035-0.050 20-29
5. Same as above, lower stages, 0.040-0.055 18-25
more ineffective slopes and sections
6. Same as 4, but more stones 0.045-0.060 17-22
7. Sluggish reaches, weedy, deep pools 0.050-0.080 12-20
8. Very weedy reaches, deep pools, or floodways 0.075-0.150 07-13

with heavy stand of timber and underbrush
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e 1D River Modelling

Structures - )

1 5 — —— . __ energyline
Y2

. = 2 ﬁ_
h
*  weirs I s e . P R
- S /' /e Q 3

2
g
=
=
3
hu
he

* culverts 4 sty o -

e control structures m_ B

e bridges

*  pumps

o dams Sharp-Crested Weir Not Sharp-Crested Weir
integration of empirical equations T ——

in the numerical scheme I iy

-> Q/h relationships, empiric parameters P

3
example weir —> Poleni equation Q = g U+/2g B hz
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O 1D River Modelling

Boundary Conditions

 J|ocation: atthe border/boundary of model

e time: at any time within the simulation period
* types of boundary conditions:
-> 1sttype Dirichlet -> water level is given
-> 2nd type Neumann -> discharge is given
-> 3" type Cauchy -> Q/h relationship: rating curve

water level depending discharge

values for boundary conditions
-> constant values
-> time series

additional application: external sources as lateral inflow
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O 1D River Modelling

Boundary Conditions for Rivers

* typical examples for upstream boundaries
-> constant discharge from a reservoir
-> discharge hydrograph for a specific event

* typical examples for downstream boundaries
-> constant water level, e.g. in a large receiving water body
-> time series of water level, e.g. tidal cycle
-> rating curve (Q/h), e.g. from a gauging station

* What do we need for lower part of the river Var ?

25.11.2018 Introduction Mikel1l FM/BTU 25




e 1D River Modelling

Initial Conditions
* location: everywhere in the model
* time: for the begin of the simulation period

* methods to specify initial conditions
-> manual specification of local and global values
-> steady state calculation
-> result of another simulation: “hotstart”

* impact of initial conditions to results
* strategies to specify initial conditions

25.11.2018 Introduction Mikel1l FM/BTU 26
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e 1D River Modelling

Simulation
* time: simulation period, time steps
* space: simulation grid points

numerics: scheme parameter, iteration parameter, ...
stability criteria
implicit/explicit schemes -> solver type

results: storage frequency,
type of physical state variables
location of physical state variables
25.11.2018 Introduction Mikel1l FM/BTU 27
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Part 3
Theoretical

Background
Mikell
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O Mikell: Theoretical Background

Simulation Abstraction Steps

* reality
abstraction by physical system using assumptions, simplifications

e physical system
physical behavior described by physical laws and principles

* physical laws
described by differential equations

* numerical method
differential equations -> system of algebraic equations

 mathematical algorithm
solving the system of algebraic equations

25.11.2018 Introduction Mikel1l FM/BTU 29




Mikell: Theoretical Background

Reality
River Var
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. Mikell: Theoretical Background

Physical System
* river network

* Cross sections

* flood plains

e structures
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Mikell: Theoretical Background

Physical Laws

1D Saint-Venant Equations
simplification of the shallow water equations in 2D
depth-integrated Navier-Stokes equations
Continuity Equation (Conservation of Mass)
Momentum Equation (Conservation of Momentum)

* assumptions
- incompressible and homogeneous fluid
- flow is mainly one-dimensional
- bottom slope is small
- small longitudinal variation of cross-sectional parameters
- hydrostatic pressure distribution
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. Mikell: Theoretical Background

Physical Laws - 1D Saint-Venant Equations

Continuity Equation (Conservation of Mass)

h(t+dt)
;. ...................... j ﬂ R e j .............. < attime t+dt
_____________________________ ettt

Q
—x —

2 A Q L
Q-dt—p-(Q+—dx)dt=p-dA-dx=p-—dx-dt —~-B-—=0
p-Q-dt—p-(Q+—=dX)dt = p 7 a & A

increase of mass from t to At =

mass flux into control volume (t->t+At) + mass flux out of control volume (t->t+At)
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Mikell: Theoretical Background

Physical Laws - 1D Saint-Venant Equations

Momentum Equation (Conservation of Momentum)

Momentum = Mass per unit length * velocity
Momentum Flux = Momentum * velocity
Pressure Force = Hydrostatic Pressure P

Friction Force = Force due to Bed Resistance
Gravity Force = Contribution in X-direction
AM M * U) AP AF; AF,
_ — + — - 7 + —_9
At Ax Ax Ax Ax
Momentum = Momentum Flux + Pressure - Friction + Gravity

increase of momentum t -> t+At = momentum flux into control volume + sum of external forces
OQV
+ ™ +gA—+gASf+gA——O
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. Mikell: Theoretical Background

Physical Laws - 1D Saint-Venant Equations

Momentum Equation (Conservation of Momentum)

dQ . 0QV dh
2+ 4 ga (524 5) =0
ot ax "9 \ox T O
2 1 1 2
V== R3Sz c=21Rs Sp = alom” _ _clol
n n R3 A2 C“R A
Manning equation Chezy/Manning -> rearranging for S;
90 a(Q%) oh Q|0]
— +9A—-+9g—5.—-=0
dt dx dx C“R A
acceleration
local  convective pressure friction
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O Mikell: Theoretical Background

Physical Laws - 1D Saint-Venant Equations
e Continuity Equation (Conservation of Mass)

0Q , 0A _ .
ax Ot o ql q, = ateral intiow
* Momentum Equation (Conservation of Momentum)
Q
aQ | a(Q) | Aah | 010 _
at | ax ! g ax l gC’zRA

* two partial differential equations
two unknowns - two coordinates
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. Mikell: Theoretical Background

Numerical Methods

* Finite Difference Method
implicit Abbott-lonescu 6-point scheme

e two time levels
three space levels

staggered grid
alternate h, Q
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Mikell: Theoretical Background

Numerical Methods
Time and Space for one unknown variable C

time
T.X
rttl
CUxH1
t index gr
C -1
x—1
At
1,1 : Space
’ AX X index
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@ Mikell: Theoretical Background

Numerical Methods
Initial and Boundary Conditions

time
T.X
Cr=1(t) Cyx(t)
1,1 = space
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. Mikell: Theoretical Background

Numerical Methods
Finite Difference Method
Discretisation in Time

aC - ctti_ ¢t

forward difference in time

at At
aC cl—ci-1 . .
PRl = At" backward difference in time
oC citl_ct-1 . o
— = X d central difference in time
ot 2 At
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. Mikell: Theoretical Background

Numerical Methods
Finite Difference Method

Discretisation in Space
aC — Cx+1~ Cx

forward difference in space

E Axt

aC ct —ct_ . :

— = XX backward difference in space
0x . Ax .

aC ct,,—ct_ . .

— = XL X1 central difference in space
ox 2 Ax
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Mikell: Theoretical Background

Numerical Methods

Crank—Nicolson method
linear superposition of difference on old and new time level
superposition parameter0 < 0 <1
example central difference in space
ac Cxi1—Cxii C§+1 Cx—1

— = 0= *+(1-06)

0x 2AX AX

stability given for ® = 0.5 (Saint Venant equation)
in Mikel11: ® = 0.5

t+ t+1
t41 ~t+1 ¢ ¢ CRi+ Chpn CREi+Ch_q
aC O 5 Cx Cx 1 + O 5 Cx+1_Cx—1 — 2 2
6x 2AX 2AX 2AX
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Mikell: Theoretical Background

Numerical Methods

Continuum Equation

-

TMESTEF

20 | 24 04 _ ,h 0Q,,
+—_— = q T hq— 5 q
ox ot ot SOt Ox E}I b /,L\ /J>7
n41 e R 0 _
nt 1 n netl n AN p ,,«""fﬂ\ 1
(Qf"‘]. + J:‘+|} (Qj—] +Q_;'_|) ™ P
_ “ -
a i~ 2 2 1‘1.-""? - - - _ — At
o= CENTREPOINT
ox ﬂ.z,x:; r‘_,ff N )
+ AV e W
on (=) {?/ : \0}‘
ot At _ —= GRIDPOINT
=1 | +1
b Ao_- + AO "
’ A2x;
mt 1 n + ] ntl
;Q; | Bj 3 ;Q; +1 =
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Mikell: Theoretical Background

Numerical Methods , oz

. TIMESTEP = A x| ——— Suon 41 "
Momentum Equation t
8({122) rit 1 Ad:}"‘x @ ,_«L\/b_‘
00, \ A/, ah+gQQ . -
ot o CAR n+1;2—————CE—MRED'"1—:,L————— at

n+l i — -~
00 % Y n S\~ I SR
ot At \IJ

2 2_n+ls R j=1 i j41 — GRIDPOINT
Ei(ctg) [ug] - [ug]
A/l A lj+1 Al _ 4
ox A2x; a; = fl4)
(L)) B+ ) B, = A0}, At,Ax, C, 4, R)
oh _ 2 2
ox A2x, Y = f(4)
hn|1+ rrll ntl o« E‘i:ﬂA Ax. AL a vghﬂ Qn+x§Q Qn+/}
- 1 BQ jh_,r+1 _b_.l' l,r L) a kL :qa » T — 12 f | ] Ja _.?+|:' J;+|
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Mikell: Theoretical Background

Mathematical Algorithm
e equation system structure(one branch, no connection)
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Mikell: Theoretical Background

Mathematical Algorithm

e equation system transformation
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Mikell: Theoretical Background

Mathematical Algorithm
@ Water level in node

hse 5 Water level in point j in
O branch X -====== (Center line

O Dascharge in point j in Branch B
Y branch X

River bank

* node point solution
-> branch network

- Limit for cont.

. d'll-.-- ! equation
* boundary equations Branch A /& —s  Dinctionof
P o positive l] W

->h known oo
->Q known
-> Q/h relationship

Branch C

e matrix bandwidth minimization

* Double Sweep algorithm
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Part 4

MIKE11
Components
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. Mikell Components

Mikel1 File Structure (HD Simulation)

e Simulation File *.sim11 file

* Network File *.nwk11 file

* Crossection File *xns11 file
 Boundary File *.bnd11 file
 Hydrodynamics Parameter File  *.hd11 file

* Time Series File *.dfs0 file

e Result File *.resll file (MikeView)

-> each file type do have a related editor tool within MikeZero
-> central core file is always the *.sim11 file (file to start modelling)
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Mikell Components

Exercisez_Model [_ O] =]
Models Input | imulation | Resulte | Start |
— Input File
[ ] [ ] [ ] Hetmork A .| Edt |
Boundaty dats  [1ike11_vatiodehEvercise2\E serciseZ_Boundabnd1l .| _Edit.. |
RR Parameters | Lo Edit I
HD Parameters |e11_VarMude\\Exerc\seZ\ExerclseZ_HDF‘arameter hd11 _I Edit... I
. .
* simulation type/mode hydrod ic/stead ore | e
y y ro ynamIC Stea y ECOLsh Param. | L] _Edi.
ST Parameters | | _Ed |
. . FF Parameters | | Edt
L4 I n p ut fl Ies DA Parameters | | | Edit
Ice Parameters | Lo Edi
. . HD Results | =]
* simulation data ot | 5
tl m e WI n d OW J Exercise2_Model [_ O[]
_ ti me Ste p Models | Input  Simuiation | Results | Start |
[~ Simulation Period
. .t . | d -t- Time step type Time step it
I n I I a CO n I I 0 n S IAdaptatlve time step j |BD ISec j Settings...
Simulation Start Simulation End
Period: [11/4/1554 12:00:00 PhEREEI bets bR Rl 1] S0 ] Apply Default m

d s i m u I a t i O n re S u Its STimestepmultipher [ AR tine step muliplier |
- result file, storage frequency

Type of condition Haotstart filename file: Date and Time:

HD: |SteadyGtate I I i (R

~| T [Fiss0 zoo00Fs

I
H : AD:  |PaameterFie x| |
¢ SI m u Iat|0 n ru n CO ntrOI st [PaameterFie ] | _| T [AAzsniz0000rm
. | s| T [i71580 120000 FM
-warnings and errors

3 | |

RFR Parameter File 4

0% | [ i
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Mikell Components

Exercise2_Networkweir

L FOveen—————
5 Netwark r~Defiriticns ribu
Points (43) H-Coordinate Y-Coordinate: Branch [wvar Chainage [0
mmz’j;z““ m [ag0450 [184280 Chainage Type | Spstem Defined ¥
Routing
Fluncl/graundwater inks - Dveni
. . . Giid pairts XCoord. | YCoord. | Branch | chainage Type | Chainage ]
. 0450 54280 |Yar ystem Define: o
river branch(s) geospatial location =R
0470 83310 |Var iy skem ine 85058387
0370 82740 |Var iy stem ine: ‘1559 2893

0320 82410 |¥ar ystem

1 52030 [Yar ystem

- branch name E T Ta—
i 81160 [Var ystem

9 B0ED [Yar ystem
] 5 179950 [¥ar ystem

- topological id (e.g. year of measurement) == = =
- geospatial points (x-y system)

H

| Overview

o ~ Definton E
[ ] C O n rO S r u C u re Peints (49) Branch Name  Topa D Upst.Ch DownstiCh  FlowDiestion  Maximumds  Branch Type
Branches (1] Var 1994 0 242802 [Postve v] [600 Reguar -
Stuactures
Riouting C o .
. ornections
eX a m I e S . W e I r. S Furoftigoundweternks A — Edt Lirk. Chenel Peramers,
p . (G paints U | -

Downstream

- Dvervi

l Id OI l I ts e TopoID | Upstr. Ch, | DOwnstr Flow [Maximum | g T Upstr.Conn.[Upstr.Conn.| Downstr.
g p

Downs
Conn.

Direction ‘onn. Name|
1 Var [1994 o |24012,5026 |Positive  |500 |Reaular | |

- generated points for numerical simulation |
staggered grid for h and Q nodes (grid points) e .

\ ExerciseZ_NetworkWeir:2 [_ToIx] W Exercise?_NetworkWeir:2 [_[O]x] I

[-Overvien [-Overv Losation ~Head Loss Factor
& NE‘V;D* @ Generate Grid Points '."“";“”" . ICW'NEW C@SS = iD Inflow Ouflow  Free Overllon
oints H "oiriks ar
i Positive Fl 05 1 1
Branches (1) Branches (1) Type [Reaular =] _Edireservo peve o

Stuctures Simulation Output Control Stiuctures NegaiveFlow [05 i [T

Routing & Save resuls from all giid paints Weirs (1) iibu

Runofffgroundwater inks T e e Culverts [0) Type [Brozd Crested i Graphic

- Gid poirts Bridges (0]
Siid Pors (0) Pump (1) Walve None ha ’7 Horizontal offset from marker2 |0 Flot. ‘
Fiegulating (0]
T Sewp Teien [iwe [0 | = ContalSh, 01 Geomelr Free Dverflow O/helation:
B Exercise2_NetworkWeir + 000 h Kiec Darmbraak Sti. (0] Tpe  |LevelWidth = No of Q/h-elations |20 Calculate O /h-relations
B Var + 23680 0 User defined (0]
= Var 0-24013 + 47360 h Tabulated Structures (0) Dt | Q H-Pos H-Neg H-Weir Width Area -
+ 710.39 q - Energy Loss 0] 1 0
4719 h Hydrauic Control (MIKE 12, B 157.209 %75 6316
+ 118399 ¥ Routing 3 444,654 18931 12632
¥ 142079 h Runoff/areundwater links 4 |sie.e82 8128 18947
S 1257.67 7312 . 5263
: 1657.58 a : fitdpors 6 1757.65 6489 .194¢ 1579
- 183438 h Ree [~ 7 2310.49 18,5662 260 7895 |378.948
« » 215494 a | 4 v & Jesinss  |m.sis 3239 4211 442,108 S|
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Mikell Components

Brussel

Technische Universitit VU

S v

POLYTECH

L] L River name Tepa D Chainage Crass ssetion 1D [meter] Var- 1994 - 7500.0000
[Var D [7500.00 w0 Lao
Section Type Radius Type Datum k :
[Open | [Resistance Radus = o 845
Coordinates————— ~Comection of X coor Model X Las
I appy % Y Apply I™ Divide Section 840
o . et o [5 Caloudaiz ongle || | Levelof Divide \
e crossection location S o g ol
Resistance number: 830
b h Transversal Distibution [Disibuted - s l T} Fee
- Resistance T [Felstvs rssance. ¥ ‘ ‘ -
ra n c n a m e esistance Type elative rssistancs e
. RN % | 2 [Resist. B % \ I Fop 2
- chainage o s fis
010 st
s o | \ | |f
- topological id (e.g. year of measurement) s A = 7
15000.00 e0n Lag
1600000 - R \}' L I
. . 1230000 795 ] \ T
* crossection points
785 \1
. . ¥ Synchronizs processed dats Insext Cioss Section.. | View Processed Dala e
= p r0f| | e COO rd I n ate (X) st dn e Update Markers e 0 50 100 150 200 250
Cross section X data [rneter]
. .
- vertical elevation (z)
ExerciseZ_Crossection: [_[O]x]
[wes =1
d l I I a r ke r Fiver name : [ar TogolD : [1558 Chainage: [750000 fmeten Ver- 1994 - 7500.00
850
exa m I es . I Protect data [Dalau:[;::d € Notupdated ¢ Edited by user 845
p . _I Cross storage 30
= Var Level |section | Radius width
= 1954 area I
- left levee bank EIN = o
4500.00 [ 7E 9. 461] 2 830
. 7500.00 | T 4, 1499
- lowest point (bed) o | i Ee
16000.00 _7; T 2 820
- s | [ 7 5o
right levee ban .- ;
8.0
805
* processed data
. . 785
- e.g. A/h relationship
785
¥ Synchionize raw data 780
Recampue | Deletedll | ViewRanData Levek. 0 200 O o 0™ [:H‘A”Z?
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Mikell Components

Boundary File

* boundary condition
- type of boundary condition
- branch name
- chain age %25!332 jrdsperail

Boundary Description| Boundary Type |Branch Name| Chail Chail Gate ID| dary ID
Cpen * | Inflow ar a 0
2 Open Watker Level ar 24012,5026 o]

* boundary condition values

IData Ty'peITS Typel File / ¥alue |T5 Infol
_ constant Va | ue 1 |Discharge: [[TSFile  |Exercise 2_TimeSeries |Edit|@ |
- time series item
1=
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Mikell Components

File Properties

Time Series File -
_tee |

Cancel

Az [nfiormation Help

. . Aviz Type: INon-Equidistant Calendar &xis j
o type Of tl me Se rl es Start Time: |D1.DS.1SSDDD.DD.DD
Time Step: I 0 [days]

- equidistant, non-equidistant
- start time, time step,

I 00:00:10  [hourmin:zec]
I 0,000 [fraction of sec.]

. No. of Timesteps: 722 Aiziz Units: lﬁ
number of time steps —
[ name | Type [ unit |
M 1 |M423 |Discharge [m~3/s [1nstant
* items -

- item name

- type of value, unit <| | o

Ingert | Append | Delete | Item Filtering |

22 MIKE Zero - [M4234Q.dfs0] =] |
W Fle Edit View Settings Tools Window Help == x]
Ded|r=ea¥|aae? o |R=i@onss .|
M4234-Q Tim | 1:M4234-Q ﬁ’
L S o010 2.143
17 : 1 010 2,159
14 2 Jowo 2.175
2] 3 |owo 2.16
- 4 |owo 2.14%
10 5 |o20 2.14
] 6 |02.0 2.125
i 7 |020 2.105
5 8 |02.0 2.09
g 3 |o20 2.074
47 0 |ozo 2.054
3 11 o030 2.043
12 |03.0 2.036
13 |03.0 2.021 |
Ready 26.08.1990 06:42:10 16,
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d d ° J Exercise?z_HDParameter H=] E3
H y ro yn a m Ic Pa ra m Ete r Reach Lengths I Add. Dutput I Flood Plain Fesist. I zer Def. Marks I Encroachment
Heat Balance I Stratificatiui'un I Time Seriez Output I M apz I Groundwater Leakage
.  Initial I wind ~ BedResist | Bed Flesist.TooIbm-:I Wi ave dpprox I Default\n‘aluesl Quasi Steady
[ ]
Bed ReSIStance —Approach Resiztance Formula
- 8Iobal'or branch f)rlented : $pfplm8t [ [arming 1 -
- Manning (m), Strickler (M) or Chezy (C)
- Global Values
141 esiztance Mumber:
e Additional Output Reskiance Nunber [
examples:
. ~ Local Walues
- VelOCIty River Name | Chainage | Resistance
- Froude number 1 30
- Mass error
* several other options/parameters
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Mikell Components

Result File

The results are stored in a file with the suffix res11.

MikeView is used to visualize and analyse the results of Mikel1.

ar02.res11 - MIKE View

File View Flot Anmation Tooks Window Help
ER QA9 E S S B i[RI MY E A+ —|| 2K
Edtiorizontal Plan - varoz.res11 M= S | &9 profile Flot - varoz.res11 _[Olx]
[meter] Standard - Var02.res1 1 Imeter] 5.-11-1994 21:53:59
a0000.0 : 1400.0 I
ss000.0 ; 12000 i
: 1000.0 i
60000.0 -
6000 Seopes
750000 o0 1 = i o
70000.0 4000 4 ER 2 ®
& w
650000 2000 7 e il Seeebes
00 AR 100395 - BRI VAR--‘---- | 69022 - | VAR 50895 - F1B06 - -------- - r --VAR 31606-0----
60000.0 ; | | : | ;
J—— 10000.0 20000.0 30000.0 40000.0 50000.0 600000 70000.0 00000 0000 0 1000000
ml
50000.0 -
It -
35000.0 150001 em fater Level Mumber of Decimals B
300000 water Level Min.Time Max.Time - Draw Graph |
1600.0 1 1 [ [2FFvars oo 1340025 | 1341 062 [4-11-1934 18:00:00|5-11-1334 14:00:00 R
25000.0 2 [|&FFvars 193488 1234.010 | 1235.000 |4-11-1994 15:00:00|5-11-1354 14:00:00 4|
Jo— 140007 3 [|&FFvars 388977 1128010 | 1126508 [4-11-1834 15:00:00 5111954 1205:00
1 4 [|aFFvars sandss 1022010 1022870 [4-11-1994 18:02:00|5-11-1394 13:09:59 Shaw Selected |
150000 - 1200 B [|&FFYARS 773954 16010 916817 |4-11-1994 15:04:00|5-11-1354 13:14.00 S Al
o000 4 B [ &FFYARS 967442 10.005| 610799 |4-11-1934 15:07:00|5-11-1354 13:00:00
10000.0 7 7 [ |&FFvars 1160831 704003 704730 [4-11-1834 15:1300| 5111954 1204.00 7
0000 4 o004 B [ AFFYARS 1354419 598009 | 598675 |4-11-1994 15:16:53|5-11-1354 13:13.00 L‘
) B [ &FFYARS 15475.08 492009 | 492630 |4-11-1994 15:20:00|5-11-1354 13:22.59 Find et
0.0 1 600.0 1 10 [ &FFYARS 17413.95 305050 366624 |4-11-1994 15:01:00|5-11-1354 13:28:00
i | F|aFFvars 1534885 260195 | 263.013 |4-11-1994 19:26:00|5-11-1354 14:07.00
-5000.0 7 - 4000 2 [[EsT 35658 | 835955 [4-11-1894 15:32:00| 5111354 14:00:00 =
-10000.0 -7 - 13 G20.411| 921050 |4-11-1994 18:00:00|5-11-1994 10:00:00 E==Elirpeis
200.0 4 G05.012| 607278 |4-11-1934 15:07:00|5-11-1354 14:02.59 Select G-points
-15000.0 4 - 15 Q05585 | 60723 |4-11-1994 15:05:00|5-11-1354 14:01:59
oo T T T " 16 Q05585 | 60723 |4-11-1994 15:05:00|5-11-1354 14:01:59 Select Al |
200000 40000.0 60000.0 18000 000000 06:00:00 120000 18:00:00 00:00:00 17 ESTER Q05010 G05.707 |4-11-1934 1 5:00:005-11-1354 14:04:00 loar Selocti
[meter] |~ 4111884 5111664 6-11-1854) _ILI I IFSTERON 4727 A RPN | A71 AN 14111554 A ATITN 5111504 140758 = ear Selection
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Part 5

MIKE11
Exercises
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e Mikell Exercise

Exercise 1: Simple Academic Test Case

Set-up of a new model (see tutorial)

e straight channel

5 km length
cross section width =50 m, height =10 m
slope: 0%
material: concrete
* initial condition
horizontal water level 4 m, discharge 0 m/s

* boundary condition:

upstream: water level time series 4 m with 6m peak
downstream: discharge = 0 m3/s (wall)
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Mikell Exercise

Exercise 2: Simplified River Model Case Study
Running a given model (see tutorial)

e given Mikell model files:

network Exercise2_ Network.nwk11
cross sections Exercise2_Crossection.xns11
parameter file Exercise2 HDParameters.hd11

boundary conditions Exercise2_ Boundary.bnd11
Exercise2_TimeSeries.dfsO
simulation model Exercise2_Model.sim11

* boundary conditions
upstream: discharge time series
1) Q=300 m**3/s
2) Q with synthetic flood peak wave

downstream: water level h = 0 (sea level)
* initial conditions steady state calculation
* roughness Strickler value of 30
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._ Mikell Exercise

Exercise 2: Simplified River Var Model Case Study
Simulation Task

e analyse the given river model for normal flow condition

e analyse the given river model for the 1994 flood event

* analyse the impact of the roughness parameter

e analyse the impact of a weir
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