MIKE 11

MKE11l
Danish Hydraulic Institute (DHI)

1 HD Model (Hydrodynamic Model)
2 TD Model (Transport Dispersion Model)
3 WQ Model (Water Quality Model)

3.1 Hydrodynamic Model
(HD Model)
gradually varied unsteady
Saint Venant equation
(Continuity equation) (Momentum  equation)
implicit finite difference method

flow

3

1. Kinematic wave approach -
kinematic wave approach !

(backwater effect)
2 Diffusion wave approach -
hydrostatic gradient
(backwater effect)
3 Dynamic wave approach - (Momentum

equation) (acceleration  forces)
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1. ( beritical flow :
) (supercritical flow :
)
2. loop
quasi two dimention flood plains
4
MKE11 fully dynamic equation
conservation of volume and momentum (Saint Venant

equation)
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Momentum equation

hydrostatic pressure
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3.1.1 Model Parameter
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MKE1L

11 Chezy description
V[0
C2AR
C Chezy coefficient
12 Manning description
r -
! M2aR Y3
M Manning number
Manning number MKE11 Un Manning's
001 ( )-01( ) Manning number
( ) - 100 ( )

Chezy coefficient (O Manning's ()

2) Resistance Readius (R
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hydraulic radius cross sectional area
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Ac = effective area
Ns =

coordinate x -z 1

relative resistance
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(effective flow area)

(total flow areq)
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finite difference schemes
1) Velocity condition
vA't
<12
g B
\Y (.t )
At = 1 computational grid ()
Ax = computational node ( .)
2.) Courant condition
c, = <10- 5 (324
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C = Courant number
v = (J )
= ()
At = ()
Ax = spacestep (M)
g = (/2
MKE11 A t (timestep) AX (spacestep)
At AX
computational grid
At 15-30
! AX
3.13
MCE 11 implicit finite differrence equation
computational grid Q h Q
h At computational grid
Q-point h-point 2
h-point
) 32 Saint Venant Q h
(timestep) Q h

h



3.4
Numerical scheme 6 - point Abbott scheme
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(Continuity equation)
5
dA dh
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3.6 Centering of continuity equation in 6-point Abbott scheme
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3.7 Centering of momentum equation in 6-Abbott scheme
B Saint Venant
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3.14

2
1)

2.)

328 quadratic

timestep

Q@ = IQjndQp{/-1) 0*o*

10 (THETA coefficient)

aihj+it + PjQj1"1 + Yjhl+it = §

aj- iy

@ = f(Q)\ALAX,CAR)

Yi=14

o (A A Alta v 11N R0 ofL oo G2

(Boundary condition)

MKE 11

(Upstream boundary)
Q
Q

- discharge hydrograph !

(Downstream boundary)

h)
)

- rating curve
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3.2 Transport Dispersion Model (TD Model)
TD Model
(one dimentional equation of conservation of mass of dissolved or
suspended material.)

HD Model (Hydrodynamic Model) space step
timestep
TD Model
implicit finite differential scheme
6AC  doc afADde <
- = -AKC + Csq (3.36)

ot d x

C ( )

D = (2 )

A= (2

K= ( 1

s = ( I

q (3 )

x o= (timestep)

t (spacestep)
2

1. ) Advective ( Convective) transport

2, ) Dispersive transport

( completely mixed)

1 ( First order decay)
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Transport Dispersion Model fully time and space center finite
difference scheme

2 12

I
!
I
|
I
|
I
I
I
1
1

7 Q

il

l
7//////////////////////////////////////6//////////////////7//4

i-1 Iy

3
M,
r—

)

L ax; axj.t *r!
n |
38 Box Model
2 Continuity equation Advective dispersive transport
equationi
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At =
K
i
Tn+l/2 2n * 12 gi_i+1I/2 _’\Cn_+1/2
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Q
A
D (Dispersion coefficient)
Gt
i = i + i + 1 —mi _1(1 ] 2 1 _ n ”
411 I4(CnJr fee tL e |>] min 5., 4T pH 2¢"+¢” 1 (339
a = Courant number
Dispersion coefficient Fick’s Diffusion Law
RLLEL b
Dy =aantln (340
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3.2.2 TD model
1) (Dispersion coefficient)
D= fvex
D = (2 )
f = Dispersion factor
vooF (r )
ex = Dimensionless exponent
2.) (Decay coefficient)
(non conservative pollutant)
dt
K918 (1)
Suui N U )
3.2.3
1) Pelect number
Pe = vAxID>2
Vo= (.l )
Ax = ()



2.) Convective Courant number

Cr = VvAt/Ax<1

At = time Step ( )
TD Model
HD Model Ax  TD Maodel
time step TD Model
3.2.4
TD Model  boundary conditions
Model TD Model boundary 3
L )
2. ) Open boundary condition

3, ) Close boundary condition

h Q
Ax HD Model

boundary [ HD

(time series of concentration)



3.3 Water Quality Model (WQ Model)

WQ Model MIKE 11
TD Model WQ Model mass balance
differential equation TD
Maodel fully time and space centered implicit
finite difference (third order correction term)
WQ Model

- Dissolve Oxygen (DO)
- Biological Oxygen Demand from Dissolve Organic Matter (BODd
- Biological Oxygen Demand from Suspended Organic Matter (BODs)
- Biological Oxygen Demand from Sedimentated/Adsorbed Organic Matter (BODh)
- Ammonia (NH3)
- Nitrate (N03)
- Temperature (T)

WQ Model

6 Model Level 1

Model Level 6 ' Model Level
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Model Level
Model Level 1

Model Level 2

Model Level 3

Model Level 4

Model Level 5

Model Level 6

82

Model level

BOD 1DO 1Temperature Oxygen ance

Nitrification

Suspension  Sedimentation BOD balance
BOD 1DO , Temperature Modlel Level 1

Suspension Sedimentation

BOD Balance
BOD, DO, Ammonia, BOD Balance Suspension
Nitrate 1Temperature Sedimentation

Immediate oxygen demand

Nitrate balance Denitrification
BOD, DO, Ammonig, 5
Nitrate 1Temperature
Dissolve BOD,Suspended Model Level 2 Model Level
BOD, Sedimented BOD, Immediate ~ Delayed oxygen demand
Oxygen, Temperature
Dissolve BOD Suspended Modelvlyevel Model Level 4
BOD, Sedimented BOD, Model Level ~ Immediate  Delayed oxygen
Oxygen, Ammomia, demand

Nitrate, Temperature
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3.2 Model Level
Maodel Level

Model Level 1 + (Immediate  Oxygen
Demand)

Model Level 2 + (Immediate  Oxygen
Demand) +

Model Level 3 + (Immediate  Oxygen
Demand) +

Model Level 4 + (Immediate  Oxygen
Demand) + +

+
Model Level 5 t (Immediate and Delayed

Oxygen Demand) +
Model Level 6 + (Immediate and Delayed
Oxygen Demand) + +



3.3

Model Level
Model Level 1

Model Level 2

Model Level 3

Model Level 4

Model Level 5

Model Level 6

Model Level

84
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1.) Oxygen process

(L.1) Reaeration

A= K2(Cs -C)

= 14652 - 041022 T + 0.007991 T2- 0.000077774 T3

85

(3.42)

= Reaeration constantat20°C(l/day)

- DO (

K2

(1.1.1) Thyssen Expression : !

k2 = 27185 VO@Lh/ 62 1M

(1.1.2) O’ Connor - Dubbins Expression :

k2 = 3.9V05h"15

(1.1.3) Churchill Expression : !

k2 = 5233V h'ler

(

!

/

/

)

)

(343)

(3.44)

(345)
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(1.2) Oxygen consumption from degradation of dissolved of organic matter

dBOD
dti = K3BOD6 dV20) (3.46)

BODd =
K8 =

20

(1.3) Oxygen consumption from degradation of suspended organic matter

dB;Pg::IGSBODsea{ZO) (3.47)
BODs =
( [
KS =
20 (1)
08 =

(1.4) Oxygen consumption from degradation of sedimented adsorbed organic matter

= K3bBODb4 B 20) (3.48)

BODh = .
Kb = 20 (1)
0B =



(1.5) Photosynthesis
pmex cos271(T/a) 1if T G (tup,tdl

p (3.49)
—0 Lf T £ (twpltchm)

2 ( | 2)

P ( I 2)

a

X

up

tdown

(1.6) Respiration

R = moy™ (3.50)
R = ( [ 2 )
N = 20 ( [ 2 )
02 -
(1.7)  Oxygen balance
dDO/dt = +K2(C8-0 (Reaeration) (3.51)
- KBBODd ¢ ,T2) (Dissolved BOD) (3.52)
-K'S3BODs e (T2) (Suspended BOD) (3.53)
- KBBODbO (TA*  (Sedimented BOD) (3.54)
.Y, KANH30(t0  (Nitrification) (3.55)
- <200 (Respiration,) (3.56)
+p (Photosysthesis) (3.57)

- B, (Sediment oxygen demand) (3.58)

87
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Model Level
time senes Water Quality Model

2.) Biochemical Oxygen Demand process
Oxygen balance
(2.1) Dissolved organic matter
first order process.

dBODd 359
oy V. B0Dd :
BODd
O(R(l = -Kja -BODd -0¢3-20) (BODd decay) (3.60)
=—Ka *BODd (Adsorption at bottom) (3.61)
(2.2) Suspended organic matter
BODs
first order process
(2.2.2) Resuspension
Resuspension, 1 . Resuspension

BODs
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dBOD
it ! -K's3-BODs -¢iB 20) (BODs decay) (3.62)
= +S./H (Resuspension) (3.63)
= -K 5-BODs (Sedimentation) (3.64)
Kb = BODs
H =
1=01 BODb
BODb
Bl _Kb3 +BODb Dy 20 (BOD decay) (3.65)
=/-SH (Resuspension) (3.66)
= + K6BODs (Sedimentation) (3.67)
= +KaBODd (Adsorption) (3.68)

3) Ammonium process
ammonium/ammonia reaction

dNH3

4 = tVb K"-BOD, &% (369)
= +Yd- K- BODd-02f1 (3.70)
= +¥6+¢Kss¢BODs10es 200 (CBOD decay) (3.71)
= -K 4-(nh 1-0T > (Nitrification) (3.72)
= -0.066-(P-R) (Uptake by plant) (3.73)
= -0.109 - K3+ BOD « GjL-201 (Uptake by bacteria) (3.74)
Yb =

Yd =



Ys =
term  BOD decay BOD decay
¥? ¥2  Ammonium
Nitrification P
Ammonium

4.) Nitrate process

Oxygen CBOD balances
BOD decay K2
R

e (Nitrification)  (3.75)
= -K6-(no,)" 2" -» (Denitrification)  (3.76)
= Denitrification rate.
= order of denitrification.
a =
5.) Temperature process
Z—Tt = Insolation - Radiation ~ 1if T ¢ (tuptdd  (3.77)
= - Radiation vif £ (tup.tdd  (3.78)
T =
tup '1td0wn
Model Level 1 Dissolved organic matter

Resuspension Temperature process

90
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332
WQ Model 2
L. Internal boundary condition

2. External boundary condition
Condition 3
- Open boundary outflow

- Open boundary inflow time
series 1 1
- Closed boundary !
time series
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