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Mojligheter med integrerad hydrodynamisk biokemisk
modellering av dvergodda sjoOar.

/

Coupled hydrodynamic, biochemical and ecological
3D models for modelling of eutrophication in lakes i
based on examples from Vaxjosjorna.

Jargen Krogsgaard Jensen a
Biolog, Cand. Scient. - MS
—-—— ' - DHI




The traditional use of dynamic

models in water quality management . jibrering Trummen (2010)

and administration et mn —
0400 Trummen 468
Exampel: Trummen 00s0,
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Average summer Chl.a (ug/l) e
Scenarios Year1  Year9 B
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Agenda

1. Stratification of water masse and Phosphate concentration
2. Sediment water interaction i external load

3. Horizontal distribution of water quality variables i importance for
understanding monitoring data - Blue Green Algae Blooms

4. Simulation of establishing Benthic Vegetation i Manegement the
Fish Population (reduktionfiske)
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Model for Atgardsstrategi for Vaxjosjoarna

A Horisontal
diskretisering
som vist -
horisontal
upplésningen
ca 100 m:

A Vertical
diskretisering
med vandlag af GGG S R
0,5 cm tykkelse

A

DA



A kallor som 4
belastar sj6arna §

Figur 88. Externa kallor som belastar sjéarna. Gron pil=naturmarksavrinning; réd=dagvatten;
bla=helgasjovatten och svart=avloppsreningsverk.
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Dynamisk Kobling mellem hydrodynamisk model, transport
model og biokemisk model (ECOLab)

Hydrodynamics

Advection - Dispersion

Parameters » Transformation

_ —p *+ Sedimentation
Forcings » Sorption etc.

Nutrients — phytoplankton...
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Struktur for Biokemisk
I wkologisk model
(ECOLab)

Primary Production

Sediment model med
N og P puljer,
omseetninger og
frigivelser mv

—

A
O
e
AR
S e e
e,

! 4 e Sediment surface Death Death 5 n'ﬂac'ro
Layer with 02, NO3 & Fe+++ Kpo2 Macro tati
Layer with NO3 & Fe+++ vegetation® Death vegetation

Layer with Fe++

State Variables

o S Sediment module
3 PO4-P in pare water
. P adsorbed to Fe+++
__.l RSPIM o1 Immobilised P
PO4-P in water
Plankton P in water
Detritus P in water

Processes involved in P cycle
RSOP Flux of organic P into sediment gPm2d
FSPB Decomp osition on sediment surface gP/m2d
ROPSIP  Decomposition of organic P to PO4-P gP/m2/d
Process RFESIP Adsorption of PO4-P to Fe+++ gPm2d
Feed back or information FSIP Flux of PO4P between sediment and water g P/m2/d
K RSPIM Immobilisation of P in sediment gPm2d

State variable




1. + 2.

1. Stratification and P concentrations

2. Importance of sediment-water interaction
and external load




0.20

Modelling analysis of _ow
importance of stratification §

% 0.10

A Calibration against 2010 problematic g 008

= 0.06

because few data. However bottom 8 o4
layer data form 2013-14 up to 0.17- 0.02

0.00

Vaxjo

Model surf [m]
Model bot [m]

i

Obs surf [mg/l]
Obs utlop [mgl] * =

e

Jan Feb Mar Apr May Jun Jul Augy Sep Oct Nov Dec
2010 2010 2010 2010 2010 2010 2010 201D 2010 2010 2010 2010

0.21 mg TP/I

A Stratification and mixing is highly )
important for the P concertation in =
bottom and surface water. o

A Information about internal hydraulic
in Vaxjoso is important for 5

understanding the dynamic in the

Model 0.5 m [deg C]

lake and measured concentrations
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Impact of reduced P load from externat sources

A Ca 80% av vattnet som

H Minskard extern belast.: Surf TP, 1y [m —
passerar Laguner_na leds till Minskard extern belast.: Bot TP, 13:’ Em}
Sddra Bergundasjon. Den Obs utlop TP, 2010 [mgh -

.. o, .. liodel Basis: Bot TP, 1y [m]
foreslagna atgarden Model Basis: Bat TP, 1y [m]
reducerar tillférseln i Vaxjo
modellkdrningen fér 2010 0.20
med ca 53 kg P/ar. =

£ 015
W
2
o
Extem fosforbelastning (kg/ar) 'E_ 0.10
g
E. mWVN e
§ B V_N Lagunemna % 0.05
D:;Zasién E
B Trummen — " —_— =
Luftnedfall
M Lagunema 0.00 T T

@
g
a Sadra

vatten

Jan ' Feb I Mar Apr ' May Jun I Jul ' Aug I Sep I Oct I Nowv I Dec
2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010

Figur 192. Beraknad yt- och bottenkoncentration totalfosfor (mg/l) i Vaxjasjon fore (gra — rosa) och ef-
ter atgarder (svart - rod) for &r 1 och uppmétta ytvarden (svarta punkter).
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Reduced P release from sediment (Al-treatment)

A den mobila
oorganiska fosfor
poolen = 0, dvs.

A sedimentets
porvatten (SIP) satts
till O

A jarnbundet fosfor
(FESP) i sedimentet
satts till O.
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Total phasphorus; (mgil)

Al-behandl. (SIF, FESP=0): Surf TP, 1y (mg/} [m] ——
Al-behandl. (SIF, FESF=0): Bot TP, 1y (mg/l) [m] ——
Obs utlop TR, 2010 {mgh) [mgl] - -
WModel Basis: Surf TP, 2010 <1y (mg} [m]

Model Basis: Bot TP, 2010 -1y (mg/l) [m]
Al-behandl. (SIP, FESP=0+exinflow: Surf TP, 1y (mg/) [m]
Al-behandl. (SIP, FESP=0)+exinflow: Bot TP, 1y (mg/) [m]

Vaxjo
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Figur 208. Berdknad yt- och bottenkoncentration totalfosfor (mg/l) i Vaxjésjén fére (gréd — turkos) och
efter atgarder (svart - rod) samt uppmatta utloppskoncentrationer (svarta punkter) for ar 1. Orange
kurva visar scenario med Al behandling och dkat flode fran Helgasjon via Trummen.
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Sodra Bergundasjon (217)

Stratification 2010 7 implication for P concentration in

surface
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Tair [deg C]
Wind speed [m/s]

0.5m: Temperature [deg C]
2.0m: Temperature [deg C]
4.0m: Temperature [deg C]
5.0m: Temperature [deg C]
6.0m: Temperature [deg C]
7.0m: Temperature [deg C]

Obs05m [degC] & =
Obs2m [deg C]
Obs4m [degC] » =
Obs5m [degC] o =
Obs6m [deg C]

25 Sddra Bergundasjon
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Sodra Bergundasjon (217)

Stratification 2009 i implication for P concentration in surface
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Tair [deg €]
wind speed [m/s]

0.5m: Temperature [deg C]
2.0m: Temperature [deg C]

4.0m: Temperature [deg C] ————

5.0m: Temperature [deg €]
6.0m: Temperature [deg €]
7.0m: Temperature [deg €]

0Obs05m [deg €]
Obs2m [deg C]
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Obs5m [deg C]
Obs&m [deg ¢]

Sddra Bergundasjon

More dynamic
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3.

Horizontal and vertical distribution of water
guality variables

Importance for interpretation/understanding of monitoring data




So6dra Bergundasjon 2010
Phytoplankton
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