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Lecture 4: MIKE models



MIKE Models

b)

d)

Flood Management
«  MIKE 11=» For Analyzing Open Channel Flow
« MIKE 21=» For Analyzing surface complicated overflow
River Basin Management
. MIKE BASIN
Hydrological Cycle
. MIKE SHE
Urban Drainage

« MOUSE=» For Analyzing Urban Sewage
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MIKE Hydrological and Hydrodynamic Models

¢ 1 Dimensional

« MIKE 11
s 2 Dimensional

« MIKE 21
s 3 Dimensional

 MIKE SHE

« MIKE 3
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MIKE Zero-fication!
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ArcMap with MIKE ZERO
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MIKE 11 GIS

K/ K/
000 000

O/
000

Fully integrated GIS based flood modelling
Developed in ArcView GIS

Pre-processing:

Post-processing:

Floodplain schematization

*Flood depth maps
Comparison maps
eDuration maps

Analysis with other GIS data

Mike 11 Modules

» HD : hydrodynamic - simulation of unsteady flow in a network of
open channels. Result is time series of discharges and water

levels:

» AD : advection dispersion
» WQ : water quality
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Open channel flow

% Saint Venant equations (1D)

» continuity equation (mass conservation)

» momentum equation (fluid momentum conservation)
% Assumptions

» water is incompresible and homogeneous

» bottom slope is small

» flow everywhere is paralel to the bottom ( i.e. wave lengths are large

compared with water depths)
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Discretization - branches
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IHE, 2002
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Discretization — branches

Contd...

actual stream
corridor

14

stream corridor
represer
CONCEr 1=
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IHE, 2002
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Discretization - cross sections

» Required at representative locations throughout the branches of the river

» Must accurately represent the flow changes, bed slope, shape, flow

resistance characteristics

right floodplain 1

left floodplain -
) _

left bank right bank

L l _

| BN |
streambed

IHE, 2002
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Discretization — cross sections Contd...

» Friction formulas
U Chezy
U Manning

» For each section a curve is made with wetted area, conveyance factor,

hydraulic radius as a function of water level
R

[

v

IHE, 2002
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Typical Model Schematisation

(Source: http://www.crwr.utexas.edu/gis/gishyd98/dhi/mikel11/M11_main.htm) Module 9



Mike 11 main menu
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Extraction from DEM
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Import to MIKE 11
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Menus and input files editors
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Network editor
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Network editor
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Network editor Contd...
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Parameter file editor
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Parameter file - coefficients

Time

m
A\
m
\\%
M
\\Y)

X
m
\\)

\ v
m m
\\
m
\\
m
A\

Spac
e >
%(3 + 2? _ q — Qn+1 ,Bi hin+1 + )/i Qir:]r_l _ 5i
2
e a(“ (i) o 9QQ
po + o +gA PW C AR =0 ;h™ + BQM + x0T

Time step n

=0,

Time step n+1

Time step n+1/2

Module 9




Limitations of MIKE 11

“*Because of its numerical limitations, MIKE 11 cannot model the supercritical
flow downstream of the weir.
»For the low-flow case, the downstream water level is over-estimated by
a factor of 8 .This high tailwater, impacts on the flow conditions on the

weir, causing a significant error in the upstream water level.

» The incorrect tailwater has less impact for the high-flow case. There is

still significant error in the predictions across the weir, but the upstream

water level is almost correct.
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MIKE SHE

**Advanced integrated hydrological modeling system

**Simulates water flow in the entire land based phase of the hydrological cycle

rainfall to river flow, via various flow processes such as,

v'overland flow,
vinfiltration into soils,
v’evapotranspiration from vegetation, and

v'groundwater flow
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MIKE SHE Features

Integrated:

Fully dynamic exchange of water between all major hydrological components is
included, e.g. surface water, soil water and groundwater

Physically based:

It solves basic equations governing the major flow processes within the study area

Fully distributed:

The spatial and temporal variation of meteorological, hydrological, geological and
hydrogeological data

Modular:

The modular architecture allows user only to focus on the processes, which are

important for the study
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Canopy interception

Net precipitation

Infiltration
Root zone

Unsaturated flow

Moving water table

Groundwater flow

Rain and Snow

b

Overland
Flow

Hydrological Processes simulated by MIKE SHE
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The arrows show the
available exchange
pathways for water
between the process
models.

Evapotranspiration

i

o SWAT
* Kristensen and Jensen
o 2-Layver Water Balance

3

%Rain & Show

Snow melt

s Degree-day melting

Channel Flow (MIKE 11)
10 St Venamt Equations:

« 20 Finite Difference - Diffusive Wave

Overland Flow
e« Semi-distributed

£

I

4

+ Kinematic wave approx.

+ Diffusive wave approx.

+ Fully dyhamic

+« Higher-order fully dynamic
Flow Routing:

+ hlo-routing

« Muskingum

+« fuskingum-Cunge

Unsaturated Zone Flow
+ 10 Finite Difference;

» Hichards Equation
* Gravity Flow
s 2-Layer Water Balance
» Net Eecharge (e.g. DAISY)

[

S SV

i

Groundwater Flow

o 30 Finite Difference - Darcy Flow
o | umped, Conceptual - Linear Ee servoir

Schematic view of the process in MIKE SHE, including the
available numeric engines for each process.

(V.P. Singh & D.K. Frevert, 19
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Flow System Inputs and Outputs
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MIKE FLOOD

» Hydrodynamic Integrated model with 1D and 2D

» The result of either 1D or 2D model can be transferred as input

of another model

» This model simulates simultaneously the flow in the sewer, the

drainage system and the surface flow
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Conceptual Representations
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