Exercise 5

Modelling Aquatic Ecosystems FS26



Today’s agenda

Look at today’s model (section 11.6)

Work on the exercise on your own

Break

Discuss the questions of the exercise

Work on your own model and take the opportunity to ask questions



Objectives of today’s exercise

1. Learn the concepts and process formulations of the benthic river ecosystem with nutrient
and dissolved oxygen dynamics in benthic river ecosystems

2. Build and simulate a river ecosystem model using the 'ecosim' package and understand
the behavior.

3. Implement nitrification as 2-step processes in the model



What are the dominant organisms in deep and shallow systems?
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Benthic organisms
dominate the overall
nutrient cycle

Suspended organisms
(phytoplankton) dominate
the overall nutrient cycle

It’s easy to visualize that most rivers are shallow and most lakes are deep.
However, we can find systems that will require us to model organisms differently
(i.e. shallow lakes may experience more impact of benthic organisms).



How to model a river?

Physical Representation
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Biogeochem/ecological processes:

Growth, death, respiration:
benthic algae, hetereotrophic bacteria

Nitrification in two steps = growth, death, respiration:
nitrosomonas (N1), nitrobacter (N2)

Hydrolysis of POM (particulate) turning into
DOM (dissolved)

Environmental factors:

1
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Temperature

Light intensity




Process Table &

benthic algae

heterotrophic
bacteria

nitrosomonas
(N1)

nitrobacter
(N2)

—_

_—

Process

Rate Expressions

Substances / Organisms

Rate

HPO2~ NHf NO; NO; O, DOM SALG SHET SN1 SN2  SPOM
gP gN gN gN g0 g gDM gDM  gDM gDM gDM
Growth of algae NH — — + 1 Pyro sALGNHT
Growth of algae NO; — — + 1 Pyro SALG,NOS
Respiration of algae + + — -1 Presp, SALG
Death of algae 0/+ 0/+ 0/+ -1 YALG.death | Pdeath,3ALG
: -1
Growth of het. bact. NH} ? ? - - 1 Pyro SHET,NHT
-1
Growth of het. bact. NOJ ? ? — Y- 1 Pyro SHET,NOT
Respiration of het. bact. + + — -1 Presp, SHET
Death of het. bact. 0/+ 0/+ 0/+ -1 YHET death | Pdeath SHET
Growth of N1 — —1 - - 1 Pgro,SN1
Y
Respiration of N1 + + — —1 Presp,SN1
Death of N1 0/+ 0/+ 0/+ -1 ¥N1,death | PdeathsN1
—1
Growth of N2 — — - - 1 Pero, SN2
¥z
Respiration of N2 + + — —1 Presp, SN2
Death of N2 0/+ 0/+ 0/+ -1 ¥N2 death | Pdeath,sNz
Hydrolysis 0/+ 0/+ 0/+  Yiya -1 Phyd




Process Table &Rate Expressions
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Rate expression

Pero,SALG, NH]

Pero,SALG NO;

Presp SALG
Pdeath, SALG

Pero SHET NH}

Paro, SHET NO;

Presp SHET

Pdeath, SHET
Pero,SN1

Bro,
Presp,SN1
Pdeath,SN1
Paro,5N2

Presp SN2

Pdeath, SN2

Phyd, SPOM

Ipexp(—Ah) min Crpo?- Cxny + Cro;
K + Iyexp(—Ah)

kero ALG.T, -(‘-XIJ(ﬁ_ALG(T - Tn]') : :
' ' Kypor- are + Crpor- Kxave + Cxyy + Cxo:

Puuf AL CI\'HI KenasaLc

. “Dgara
PautavcCnut + Cnop Ksbasare + Dsavc
L Bana(T —To) Iy exp(—\h) . CHPDg' CKH;r + CM).;
ero, ALG, T, " ©XP| Parcgld — o) | - 57— -min s == -
K + Iyexp(—Ah) HPO2~ ALG + C'Hp“s- Ky.arc + C}IH; + ('.'-'_\m_;
“NO, Keha saLc
. c . D - Dsara
PI\'HJ'_,-;]_,(} -’_\JH; + C_\J(}; KHha.SALG + SALG
Co, '
Kresp.ALG.T, * €XP (5.-;[_(:[1 - 10)) ————— Dsarc
Ko, ara + Co,
kdeath.arc - Dsana
- Pwnt HETCNmt
kero HET. Ty 'CKIJ(SHET(I - 10]) : * 1 E'w
Pun} uert s T YNo;
min Cpoum Co, Chpo?- Cxnt + Cno; Ky SHET D
" 5 [y T e - " SHET
Kpomuer + Coom Ko, mer + Co, Kypo2- yer + Cupoz~ KANmET + Cxgr + Cxo; ) Kiimsner + Dsuer
R h
kgro HET. T, -CXIJ(SHET(I - Jn]) . C c
Pyni uerbyaf T COno;
min Cpowm Co, CHPOE_ CNH: + CNU_{ Klim SHET D
Kpowmuer + Coom Ko, mer + Co, Kypo2- per + Cﬂpog— Ky per + CNH; + C};(); Kjim sueT + Dsaer
Co. '
1 I ad - 2
kresp HET, To 'CKP(SHET(J - 10}) 77— s Dgugr
0, HET T Lo,
kdeath HET - DSHET
k OXIJ(G’ (T -1, )) min CNH: Co, CHP“E- Kiim.sn D
ara.N1, Ty * €xXp( S (T —Th) ) - - . — y — - — — - Dgny
?Nﬁg.nitn' + Cxur Kogmitri + Coy Kypo?- pie T Cupo?- ) Kiimsy + Dsna
p " " <z
Krosp,N1,T, - €XP (.'jm(f - i'n)) ———————  Dgn1
Ko, nitri + Co,
kdeath N1 - Dsni
k oxp(fi‘ (T -1, )) min CNO'; Co, CHPO?_ Kiim sx D
ara.N2,T, " €Xp| Ona (T — 1) | - - T ' —— — - Dsna
Kxo; it T Onoy  Kosmitii + Coy” Kypo?- pigi + Chpoz- ) Kiimsw + Dsnz
- Co
Kresp.N2.T, - €Xp (_3.\@(1{ - In)) . 72(‘ - Dsne
Ko, it + Co,

kdeat h,N2 " D‘; N2

khya, sSPOM.T, - €XP (Bhyd(T - Tn]) - Dspou



Differences in self-inhibition terms

Discuss with others about the mechanical differences from modelling self-inhibition for
planktonic algae and benthic bacteria!

Growth of ALG on NH4 Growth of HET on NH4

# Growth of algae on ammonium: # Growth of heterotrophic bacteria with ammonium:

gro.ALG.NH4 <- gro.HET.NH4 <-

new(Class = "process", new(Class = "process",

name = "gro.ALG.NH4", name = "gro.HET.NH4",

rate = expression(k.gro.ALG rate = expression(k.gro.HET
*exp(beta.ALG*(T-T9)) *exp(beta.HET*(T-TQ))
*I0*exp(-lambda*h)/(K.I+I0*exp( *min(C.DOM/ (K.DOM.HET+C.DOM),
lambda*h)) C.02/(K.02.HET+C.02),
*min(C.HPO4/(K.HPO4.ALG+C.HPO4), C.HPO4/ (K.HPO4 .HET+C.HPO4),
(C.NH4+C.NO3)/(K.N.ALG+C.NH4+C.NO3)) (C.NH4+C.NO3)/(K.N.HET+C.NH4+C.NO3))
*(p.NHq_ALGiC_NHALLp_NHA_ALGic_Nﬂéic_Ngr)) *(p.NH4A.HET*C.NH4/ (p.NH4 .HET*C.NH4+C.NO3) )
*D.ALGHK.shadow.ALG/(K.shadow.ALG+D.ALG|)), *D.HETFK.1limit.HET/(K.1limit.HET+D.HET)),

stoich = as.list(nu|"gro.ALG.NH4", |), stoich = as.list(nu["gro.HET.NH4",]),

pervol = F) pervol = F)

The inhibition represents the diffusion limitation of
nutrients into the benthic biofilm.

Inhibition term due to
self-shading The larger the density (D.HET) of the biofilm, the more
the diffusion of nutrients and thus the growth get
inhibited.




Time to work on Exercise 5



2. What is the difference between planktonic primary production
(modelled in the previous lake models) and benthic primary production
(modelled in this river model)?

River
Rate Rate expression
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be integrated over depth. 1




3. When should we model nitrification as a one-step or two-step

process?
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3. When should we model nitrification as a one-step or two-step
process? (section 8.6

4
® ’
NHi —>» NO; —5 NO;

Ammonium Nitrite Nitrate

Explanation video on nitrification and denitrification, related to waste water plant treatments:
https://www.youtube.com/watch?v=gF8rZVmuipw

Based on your interest in the nitrite
for human and environmental
health protection

Nitrite is toxic to fish!
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https://www.youtube.com/watch?v=gF8rZVmuipw

Take home messages

1. Understand the ecosystem: Comprehend the key biogeochemical processes driving the
benthic river ecosystem.

2.  Connect the reactors: Simulate river flow dynamics by horizontally linking a series of
reactors.

3. Define Your Scope: Choose between one- or two-step nitrification processes based on
your specific research goals.



Time to work on your own project

Deadlines: send us the code by 07.May and your report by 22.May !
Don’t hesitate asking questions! (Also via email after class)
Submission:

Code submission: Chuxinyao Wang (chuxinyao.wang@eawag.ch),

Visva Loganathan (vloganathan@student.ethz.ch)

Report submission: Nele Schuwirth (nele.schuwirth@eawag.ch)
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4. What do you consider when deciding about the number and length
of the boxes to discretize a river model?

R1 R2 .. R3 _
Height h o # o r |

Width w
/ Length Ax

v

Assumption: In our model the boxes are completely mixed reactors. vAx  QAx
Therefore, the longitudinal dispersion coefficient (eq. 6.65) is E, =
determined by the length of the boxes. If we choose a length that is 2 2wh
too large, the mixing will be unrealistically large as well.

(6.65)

Ideally, the length of the boxes should be chosen so that the
coefficient matches the estimated dispersion coefficient described E, ~ 0.011 (6.61)

in eq. 6.61, or so that the coefficient is much smaller and we would /ghSOh
then introduce a diffusion/dispersion process separately.
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5. What is the importance of the advective transport process compared
to the transformation processes for concentrations in the reactors ?

print(paste ("hydraulic retention time: " ,round (param$L#*param$w*param$h/param$Q).in/8
print(paste("maximum inverse specific growth rate ALG: ",round(1/param$k.gro.ALG,2),"d"))
print (paste ("maximum inverse specific growth rate HET: ",round(1/param$k.gro.HET,2),"d"))
print (paste ("maximum inverse specific growth rate N1: ",round(1/param$k.gro.N1,2),"d"))
print(paste("maximum inverse specific growth rate N2: ",round(1/paramfk.gro.N2,2),"d"))
print (paste ("maximum inverse specific respiration rate ALG:",round(1/param$k.resp.ALG,2),"d"))
print(paste ("maximum inverse specific respiration rate HET:" ,round(1/param$k.resp.HET,2),"d"))
print(paste("maximum inverse specific respiration rate N1: " ,round(l/param$k.resp.N1,2),"d"))
print (paste ("maximum inverse specific respiration rate N2: ",round(1/param$k.resp.N2,2),"d"))
print(paste("maximum inverse specific death rate ALG: ",round(1/paramfk.death.ALG,2),"d"))
print (paste ("maximum inverse specific death rate HET: ",round(1/param$k.death.HET,2),"d"))
print(paste("maximum inverse specific death rate Ni: ",round(1/param$k.death.N1,2),"d"))
print (paste ("maximum inverse specific death rate N2: ",round(1/param$k.death.N2,2),"d"))
print(paste ("maximum inverse specific hydrolysis rate: ",round(1/param$k.hyd.POM,2),"d"))
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5. What is the importance of the advective transport process compared

to the transformation processes for concentrations in the reactors ?

##
#H
#4
##
#%
##
it
#H
##
#4
##
#H
##
#4

[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]
[1]

[1] [*hydraulic retention time: 0.058 d" |
"maximum inverse specific growth rate ALG: 0.67 4"
"maximum inverse specific growth rate HET: 0.67 d"
"maximum inverse specific growth rate N1: 1.25 4" |
"maximum inverse specific growth rate N2: 0.91 4"
"maximum inverse specific respiration rate ALG: 10 4"
"maximum inverse specific respiration rate HET: 5 4"
"maximum inverse specific respiration rate N1: 10 4"
"maximum inverse specific respiration rate N2: 10 4"
"maximum inverse specific death rate ALG: 10 4"
"maximum inverse specific death rate HET: 5 4"
"maximum inverse specific death rate N1: 10 4"
"maximum inverse specific death rate N2: 10 4"
"maximum inverse specific hydrolysis rate: 2 4"

[1]

The substances are being transferred faster than they are being

transformed!
Rl LTp Rz LT.p R3 ILT.p
Qu&f::\'ﬁ?k;hfb}' Q€ Qﬁhfbfi/ﬁ/“/“”b" g..C %ipﬁ*“énﬁg\fhfwf- 0
— e A\ r N — el B Ner Nl

H, HPO, e :‘ Yy N
—— e Nl N

So, the biggest contributor to the movement of dissolved substances here is

advection!
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