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Malinger pa overlgb — hvor sveert kan
det veere?

Lektor Luca Vezzaro

d. 29. Maj 2018
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Hvor stort er problem?

Pollutant contribution from
point discharges in DK

E _ (2015) = Hvordan far vi disse tal?

: Organic matter Phosphorous

; .35% . 31% - Malinger / modeller

i — Kvantitet

¢ Hvor meget overlobsvand blev udledt?
: Nitrogen

£ — Kvali

9104 alitet

8 Hvor forurenet overlobsvandet var?

S e (stofmaengde / koncentrationer)

-~

m wet weather discharges m aquaculture
® low density housing mindustry m WWTP
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Hvor meget Vand Iﬂber Ud? Leengde af overlgbskanten

/ (kendt)

2 2
Q = Cd§ B,/ng3

N

Koefficient (form af Vandhgjde over kanten
kanten) (den méler vi)

(fra tabeller/boger)




=il

linger

a

Hydrauliske m

e
By T L
BB b

.||.-...*.|| =

s B

i &

Overlgbskanten



Niveaumaler

inger

Hydrauliske mal

Overlgbskanten



o
oD
oo

Hydrauliske malinger (lidt mere kompliceret)

Video courtesy of our colleagues
from TU Graz (Austria)
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Hydrauliske malinger (lidt mere kompliceret)

Video courtesy of our colleagues
from TU Graz (Austria)




DTU

Viby Renseanlaag
(Aarhus)

0.00000

Slides courtesy of Malte Ahm — More details can be found in the AMOK
report (cf. www.aarhusvand.dk )



http://www.aarhusvand.dk/
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Kan vi stole pa volume malinger?

Deviation Measured vs. Estimated

E t Traditional weir
vent no. formula[%] <5% error with
CFD based formula
1 —28.74
2 —26.82 9
3 —25.52 8
4% -31.73 £
Q6
5* —-27.12 =
g5
Total —28.36 I% )
% 3
'*E 2 1@~ 11— = traditional
25-30%0 error on volume 1 T' C]fD baried
0@
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Upstream hydraulic head [m]

Adapted from Ahm, M., Thorndahl, S., Nielsen, J. E., & Rasmussen, M. R. (2016). Estimation of combined sewer overflow discharge:
a software sensor approach based on local water level measurements. Water Science and Technology, 74(11), 2683-2696.



=
—]
—

I

Hvor meget vand lgber ud?

Leengde af overlgbskanten
(kendt)

Vandhgjde over kanten

(den maler vi)
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Koefficient (form af
kanten)

Pa et
repreesentativ

Hvad er
energitab
koefficient for
en tilstoppet

ey — e S N riste????
Der vil altid vaere en vis usikkerhed pa volumen /| [l

beregninger (bade malt og modelleret)

Den kan vi
reghe ud med

CFD



Hvor forurenet er overlgbsvandet?

e Koncentrationer i overlgbsvandet er afhaengig af forskellige processer
» Forskellige muligheder for at male overlgbskvantitet

— Mulighed #1: Ingen Malinger

Man bruger typiske veerdier fra litteratur

— Mulighed #2: Automatiske prgvetager

— Mulighed #3: Online sensorer
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Source: Vezzaro, L, Brudler, S, McKnight, US, Rasmussen, JJ, Mikkelsen, PS & Arnbjerg-Nielsen, K 2018, Operationelle udlederkrav

for regnbetingede overlgb fra feellessystemer til vandlgb. DTU Miljg, Danmarks Tekniske Universtitet, Kgs. Lyngby..



#2 Automatiske prgvetager
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Slide credits: Camilla Hgj & Karin L.
Drenck
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Hvad er problem med automatiske prgvetager?

e Problemer med installationen (adgang til
overlgbsbygveerket)

e Placering af indsugning (hvor repraesentativ?)

Maengde (g/s)
|
|
|

e Man ved ikke hvornar overlgb sker

Van&ﬁi\/[)aoaljﬁ.()ﬂ\/a(.)gr(](-)ndspul;'lk:)((]ﬁmer;S.OD 18.00 21.00 00.00
(hvornar skal provetager taendes?) for lavt
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#3 online sensorer

e En reekke vandkvalitet parameter kan males
med hgj tidsoplgsning (— 1-5 minutter)

x* 10
4 T T T T T
35 21 |
[
e Bt oA, T T T T e T
0afbanz 07/04/13 11/04/13 14404113 18/04113 21/04/13 25/04/13
] 120 —
. = MJ\W,. o— Calibratidn effect ' r
: ~ ¥ :
3 I = - <
=E i t R :
i 1 1 1 P | 1 L3
% 03%41’1 3 07/04/13 11/04/13 14/04/13 18/04/13 21/04/13 250413
3500 b . ; .
- E e - -
S5 ' s * . o
<= 1 1 1 1 1
691%41'13 07/04/13 11/04413 14/04/13 18/04/13 21/04/13 25/04/13
@ 800 T - T T T T
=
= -
= E
© 1 . 1 1 i 1
U§%4f13 07/04/13 11704413 14/04/13 18/04/13 210413 25/04/13
Figure 7. Flow, ammonia, conductivity and chloride measurements of raw sewage:
Agreement between on-line (lines) and lab measurements (symbols) conducted twice a week.

Photo: Ravi Kumar Chhetri
Source: Alferes et al. (2014), Advanced monitoring of wastewater quality: data collection and
data quality assurance, Proceedings of 13th ICUD2014



Placering af sensorer

o Two main “sampling philosophies” used nowadays

o AMOK project
(we had both)

o EXx situ
(sewer water is pumped up)

o In Situ
(sensors are placed in sewer water)

HE



AMOK project @ 2N DU emsvonsesiorens
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TeStlng Slte KRUGER““" aarhusvand

o Advanced Monitoring of Sewer Overflow

o CSO at inlet of Viby WTTP (Aarhus, Denmark)

o Catchment: = 700 ha combined + = 750 ha separate

o Max flow in wet weather 1.26 m3/s =
o Five on-line measurements (in this study)
o Flow, Temperature, Conductivity, Turbidity, NH,
o One minute resolution

Ex situ sensors

DDO® Copyright COWI (2015)

DTU Environment
Department of Environmental Engineering
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Resultat fra online sensorer
(Malekampagne #4 — 12. august 2014) ...
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Resultat fra online sensorer
(Malekampagne #6 — 30 august 2014)
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How long can we trust our sensors?

e Low-cost installation
 What happens if maintenance is
not as good as it should?
e Three scenarios for sensor
cleaning:
— Every day (perfect world)
— Once per week (typical
Standard Operating
Procedure)
— Once every second week
(not so ideal world)
e Comparison sensors vs. lab
measurements

Slide credits: Linea S. Skov



How long can we trust our sensors?
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Slide credits: Linea S. Skov
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e L ow-cost installation

 What happens if maintenance is
not as good as it should?

e Three scenarios for sensor
cleaning:
— Every day (perfect world)
— Once per week (typical

Standard Operating
Procedure)

— Once every second week
(not so ideal world)

e Comparison sensors vs. lab
measurements



How Iong can we trust our sensors?
(Preliminary results)

HE

e Three scenarios for sensor

cleaning:
. 100
—Every day (perfect world) Good precision (5-10%)
—Once per week (typical Measurement deteriorates already after 2-3
Standard Operating days
Procedure)
AN-ISE: Bi-weekly test-period
— Once every second week
(not so ideal world) <120 . - :
o, Weekly maintenance Bi-weekly maintenance
- (Phase B) (Phase C)
X 100 5
5 80
% o
= 60 . .
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LU L3
0 40 + o * *
5§ .. . . * RE=00022
% 0 s ; ¥  } t . )
- 0 5 10 15
Time since sensor maintenance [d]

Slide credits: Linea S. Skov



Malinger pa overlgb — hvor sveert kan det veere?

Hydraulik

e Q-h formler skal tilpasses til de enkelte overlgbsbygveerker

e Placering af vandniveau maler er afggrende for praecision

e CFD modellering kan hjeelpe (bade med Q-h formler of placering af niveau maler)

Forurening

- Automatiske prgvetager kan anvendes kun for korte malekampagne

 Online sensorer giver et godt overblik over dynamikken af forureningsstoffer...
e ..men de kraver store indsats til vedligeholdelse

Sgges:
Billige vandkvalitet sensorer som kan overleve i en kloak naesten uden vedligeholdelse

i



Thank you for listening!

An overflow
expert

luve@env.dtu.dk

A Combined Sewer
Overflow

HE
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