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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 —
based on examples from Vaxjosjorna.
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Biolog, Cand. Scient. - MS
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The traditional use of dynamic

models in water quality management . jibrering Trummen (2010)

and administration et mn —
0400 Trummen 468
Exampel: Trummen 00s0,
0.080
AD.O?O'
B
Average summer Chl.a (ug/l) e
Scenarios Year1  Year9 B
Basis 15.3 12.7 " oo
Load reduction 14.9 10.8 0] ,j
Increased flow 7.8 12.7 e —
FISh manlpulatlon 123_92 ;OTO 25;1% zh;?ro Zgﬁrﬂ 2"31‘5 2?1'.6 Zélilo éqﬁL;gO 23061')0 2%‘1*0 2%:\8 2?;1%

Vegetation 10.4
establish.
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Agenda

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

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

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

Horisontal
diskretisering
som vist -
horisontal
upplésningen
ca 100 m:

Vertical
diskretisering | | 5
med vandlag af GGG S R
0,5 cm tykkelse
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* 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
— gkologisk model
(ECOLab)

Primary Production

[ I I I I I I I I I I I A
S e d I e t O d e I e d T e
S, R AR R T, ety
A e
SR e
e, T G TN T
t [
r . . I
—

i ? i Sediment surface i ﬁac'ro
Layer with 02, NO3 & Fe+++ Kpo2 Macro tati
Layer with NO3 & Fe+++ vegetation® Death vegetation

Layer with Fe++

o Sediment module

PO4P in pore water
. P adsorbed to Fes++
—*l RSPIM SIM Immobilised P
PO4Pin water
Plankton P in water
DetritusP 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

importance of stratification §

5 0.10
w
2 008
[=3

« Calibration against 2010 problematic & "~
because few data. However bottom 8 o0
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

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

» 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

. 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)

« den mobila
oorganiska fosfor
poolen = 0, dvs.

« sedimentets
porvatten (SIP) satts
till O

 jarnbundet fosfor
(FESP) i sedimentet
satts till O.
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Al-behandl. (SIP, FESP=0): Surf TP, 1y (mg/} m] ——
Al-behandl. (SIP, FESP=0): Bot TP, 1y (mg/) m] ——
Obs utlop TR, 2010 {mgf} [mgi] - -

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

2010 2010 2010 2010 2010 2010 2010 2010 2010

2010 2010

Vaxjo
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=
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a 0.050 ' SR
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2010

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 — implication for P concentration in

surface

© DHI

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 — 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]
Obs4m [deg C]
Obs5m [deg C]
Obs&m [deg ¢]
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3.

Horizontal and vertical distribution of water
guality variables

Importance for interpretation/understanding of monitoring data




Model surf Chl.a [mg/l] ——
Obs surf Chl.a [mg/l]

SOdra BergundaSJon 2010 018 Sodra Bergunda

Phytoplankt
ytoplankton o4l
] EXRIE
Z 0.10
= ]
6304500 '§. 0.08 ]
S
PC3, PC3, Blue-Green C, = 0.06
6304000 c/m3 [mg/1] ¢ S 1
Il Above 1.20 0.04 4
B 1.15-120 .
6303500 | [ 110-1.15 0.02
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0.55 - 0.60 Model Cyano [mg/1] Obs Cyano [mg/l] o e
: ' ' 0.50 - 0.55 SB
[T et R Rt R Bl Below 0.50 3.0
; : [_] undefined value -
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[m] E
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ml Vertical profile from (135797,6304266) to (136938,6302585)
W ‘ T g 2.0 0 g
S . E
19,0 e creen E g
B Above 1.20 Q £
SR = g
e 1.0 @
. | JiE
030
032
20 !:f:.n
008 018
a0 [ I reivtrad el 0.0 T T T T i T 0
200 400 00 20 om0 0 o0 2 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
11:00:0005-08:2010 Tirms Step $185 af 6760, 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010

© DHI DHI




Animation of ... Blue Green Algae - Sddra Bergundasjd 2009

[m] [m]
6307000 101
] 0.0
6306000 7 ] PC3, PC3, Blue-Green C, g
] .07 C/m3 [mg/1]
] b I Above 1.80
] 207 1.60 - 1.80
6305000 7 - e ] 1.40 - 1.60
1 E 1.20 -1.40
3.0 ] 1.00 -1.20
] ] 0.80 - 1.00
3 ] 0.60 - 0.30
6304000 401 0.40 - 0.60
] ] 0.20 -0.40
] ] 0.18 -0.20
] 501 0.16 - 0.18
6303000 ] 0.12-0.16
] ] 0.08 -0.12
6.0 0.04 - 0.08
] i 0.02 - 0.04
6302000 ] : : : E : : : I Below 0.02
1 R e bt et et Fblasts s et S =L e 21 [ undefined Value
; ; 200 400 600 800 1000 1200 1400 1600 1800 2000
--------- [m]
136000 138000 28-07-2009 8:00:00 Time Step 5000 of 8760.

[m]
05-08-2009 22:00:00 Time Step 5206 of 8760. Sigma Layer No. 21 of 21.

© DHI Dﬁ




754. Furesg Hovedbassin 2014-07-10

o1 Klorofyl B Statistik +h Stetteparametre Ed Farvefoto O Info

Example: Furesg

- Dato
e
Bistrup.

2013-06-05
2013-07-07
2013-07-23

o http://
e« amos.vanudsigten.dk

2014-07-10

o

e areskovi

10 20 20 35 40 45 S0 60 70 o 1 1

Klorofyl (ng/L)
5] Sepolygoner fra Kortstyrelsen (Geodatastyrelsen, Vandomradeplaner,
Basisanalyse 2015-2021, vp2b2013soer.shp, februar 2015)
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http://amos.vanudsigten.dk/
http://amos.vanudsigten.dk/

Exampel: Juul Sg
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Remote sensing af
sgers klorofylindhold.
Miljgstyrelsen.
Naturstyrelse,
Danmark; Aarhus

Universitet; Gras; DHI.

2012

Klorofyl

ug/l
w Hgj : 40

ILav:O

Figur11  Udsnit over Julse af de beregneda satallitbaserade klorofylkert for 14. april (everst) og 29. september {ne-
derst). Punkterpe angiver, hvor dar er lavet traditionsl Klorofyimaling samt den malte vardi.

14.04.2010

29.09.2010
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Phosphate (mgf)

Sodra Bergundasjon
Dissolved inorg. P

Ex. from 07.07.2010

Model surf [mgll] ———
Madel bot [mgfl]
Obssurf [mgl] +

Sodra Bergunda
0.50
040
0.30
0.20
0.10
0.00 T T T .\ "-"l W . .
Jan Feb  Mar Apr May  Jun Jul Aug Sep Oct Nov Dec
2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010
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[m]
6307000

6306000
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6302000

126000 138000
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]
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=
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0.040
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0.032
0,028
- 0.024
- 0.020

- 0.016
- 0.012
- 0.008
- 0.004

- 0.000

--0.004

elow -0.008
Undefined Value
12:00:00 07-07-2010 Time Step 4500 of 8760. Sigma Layer No. 21 of 21.

[mi Vertical profile from (135874,6304201) to (137012,6302588)

0,033 — 0,045
mg POy-P/1

o 200 400 60O 800 1000 1200 1400 1600 1800
12:00:00 07-07-2010 Time Sten 4500 of 8760.

[m

,078 — 0,090
mg TP/1

Im] Vertical profile from (135874,6304201) to (137012,6302588)
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Sodra Bergundasjon 2010 (217)

Phosphate (mg/l)

Model surf - sjo 300m SO for utobskanal [mg/]
Model surf, gl utlobspunkt i kanal (315) [mg/l]
Obs surf., gl utlobspunkt i kanal (315) [mg/l] = =

Model surf - ny utlobspunkt (315B - Sundet) [mg/l]
Obs nyt utlobspunkt (315B - Sundet) [mg/l] = =

Sodra Bergunda Utlob

0.100

0.050

0.000 T T *
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010
Model surf, sjé 300 m SO for utlobskanal [m]
Model surf, gl udlobspunkt i kanal (315) [m]
Obs surf, gl udlobspunkt i kanal (315) [mgfl] = =
Obs Surf, nyt utlobspunkt ( 315B - Sundet) [mg/l] =
Model Surf, nyt utlobspunkt ( 315B - Sundet) [m]
model surf - 50 m syd for nyt utlobspunkt  [m] E—

Sodra Bergunda Utlob

4.0

3.0 |

Total nitrogen (mg/l)

0.0 T
Jan Feb Mar
2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010

Apr May Jun Jul Aug Sep Oct Nov Dec
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Ammonium (mg/l)

Nitrite and nitrate (mg/l)

Model surf 300m So for udkobskanal

[mgll]

Model surf., gl udlobspunkt i kanal (315) [mg/l]

Obs surf gl. udtlobspunk i kanal (315)
Model Surf ny utlobspunk (315B - Sundet) [mg/I]
Obs ny utlobspunk (315B - Sundet)
Model surf. 50 m syd for nyt utiobspunkt [mg/l]

[mg/l] e e

[mgll] + +

Sodra Bergunda Utlob

* A e A NECRTRRAN L W,

Jan Feb Mar Apr May Jun Jul Aug
2010 2010 2010 2010 2010 2010 2010 2010

Oct Nov Dec

Sep
2010 2010 2010 2010

Model surf - 5j6 300 m SO for udltob [mg/l] ——
Model surf gl utlob i kanal (315) [mg/]

Obs surf gl utlobspunkt i kanal (315) [mgll] = =
Model surf - ny utlobpunkt (315B- Sundet) [mg/I]

Obs ny utlobspunkt (315B - Sundet) [mg/l] = =

Model surf. 50 m syd for nyt utlobspunkt [mg/I]

Sodra Bergunda Utlob
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I ) A s o e
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4.

Benthic Vegetation — Management Fish
Population

Example from Trummen




Fish Population
Management

Okat potentiellt maximalt
betningstryck med

« 30%

Efter: Arhus amt
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CHl.a Obs surf 2010 [mgl] = =
+30% grazing ; surf Chl.a Model surf { 1y) [ma/ll
Model basis;; surf Chl.a 2010 { 1y) [mg

Trummen 468

0.100
0.080
0.080
0.070
0.060
0.050
0.040

1 .
0.030 g
Al
0.010 J "'x-u""“‘-._.,ﬂm,,__.ujf
0.000 T T T T T T T

T e
Jan ' Feb Mar Apr May Jun Jul Aug Sep Oct Nov ' Dec
2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010

Chlorophyll a (mgil)

M\.__,\’.A-V-\ P

Figur 176. Beraknad koncentration klorofyll for Trummen (mg/l) vid 30% Okat betningstryck (svart) och
basfall (turkos). Orange punkter=uppmiitt.

CHl.a Obs surf 2010 [mga] = =«
+100% grazing ; surf Chl.a Model surf { 1y) [mgfl] ———
Model basis;; surf Chl.a 2010 {1y} [mg/1]
Trummen 468
0.100
0.090
0,080
S 0.070
E
& 0.080
= 0.050 I
[ |
92 0.040 !
2 |
= | v
5 0.030 .
0.020 [ .
A . . ’ h){m o
0.010 'd e S T,
0.000 : T — : : : : o
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010 2010

Figur 177. Berdknad koncentration klorofyll fér Trummen (mg/l) vid 100% okat betningstryck (svart)
och basfall (turkos). Orange punkter=uppmatt. D H I




Establishment of Benthic Vegetation

* bottenvegetation

etableras i ungefar halva onesutcata 00 " ool
Model basls: Chla, yi-2010  [mgi]
Trummen ( med o100, Trummen 468
max.100 g torrvikt/m2) 00604
0.080°
 fordubbling av max. g ooro:
. ‘e . .. . w 0.0807
jusdampningen i julioch £ e |
: = : S 0.040° i
augusti. (anvants i £ oo

Skirviken i basfallen) o0 AN M
0.010° S Va VAR

¢ Skydd fOI’ Zooplankton O ren | Mar | Apr | May | un g Aug | sep | oct | New | Dee
o d t d 2010 2010 2010 2010 2010 2010 20410 2010 2010 2010 2010 2010
Sa pre ation reauceras Figur 178. Beraknad koncentration klorofyll | Trummen (mg/l) (turkos kurva=basfall; svart kurva=under
forsta aret efter atgdrd; orange punkter = uppmatt).
med ca 15% g gep Ppmatl)
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Conclusions: Use of Coupled hydrodynamic, biochemical and
ecological 3D models
« Scenarios Quantifying impact from: load reduction, changed flow,

changed meteorology, and different alternative management
scenarios

« Evaluating importance of external pressures and internal processes

* Introducing alternative management strategies that introduce “new”
processes - Conclusions evaluated based on sensitivity analysis.

« Evaluating monitoring data - horizontal and vertical variations,
variations within the year between sampling date, and variation from
year to year.

« Much more than a tool to conclude on selection of management
options - A tool assisting in understanding the ecosystem — though
dynamic mass balance that include turnover processes 72
DHI
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Thank you
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