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T t h * Coordinated Danube Action for the titanic endeavour of
e ys tackling hazardous substances water pollution under
changing pressures, challenges and targets

* This projectis supported by the Interreg
Danube Region Programme co-funded by
the European Union.
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Issue: Hazardous substances : - Listof hundreds classified substances, \C/ NN
— Carcinogen, | /\N /
— Uncertain pathways and load. F FF
Households Transport and infrastructure | Atmospheric deposition
® Via WWTP e Via WWTP = On water surfaces
= Via combined sewer overflows |= Via sewer systems = On soil:
= Unconnected households = Unconnected areas Via agriculture and other areal sources
= On impervious areas:
Industry Agricultu re and Via urban rainwater runoff
e Via WWTP other land uses
= Via combined sewer T . Abandoned mining
overflows

'] o Direct discharge

4

= Surface runoff
= Tile drainage

k = Ground water
.d e K
. \ ®

'} @ Direct discharge

Motor boats and

= Inland navigation

Geogenous sources 2
= Soils: Via agriculture ‘%’
and other areal sources %
= Groundwater B‘
Sewer systems =
= Combined sewer overflows Waste water treatment p|antS (WWTP) §

= Storm sewers e Effluents

Fuchs, S. et al.: Modeling of Regionalized Emissions (MoRE) into Water Bodies: An Open-Source River Basin
Management System. Water 2017, 9, 239. https://doi.org/10.3390/w9040239

steel constructions

Diffuse pathways

[Mg/{]
Concentration

[Mm3]
Volume




Co-funded by
the European Union

nterreg
Danube Region

Vjskumng Gstay

vodnéno
hospodarstva

Vavn

Co-funded by
the European Union

literreg
Danube Region

Tethys

DANURELY -WS

Ion

Solut

modeling
(mathemat

)

ICa

(DHI)

- MIKE HYDRO Bas



Co-funded by
the European Union

nterreg
Danube Region

Vjskumng Gstay

vodnéno
hospodarstva

Vavn

Co-funded by
the European Union

literreg
Danube Region

Tethys

DANURELY -WS

flows ) _LnssandReuse) { mlrcmality) ]

)

_mwm | consumpton |
|Ihntp0.|d|ndu

L Water Use

prioity ) _ Advanced )

D

Cost

Climate

Specify monthly demand directly, rather than breaking down into annual demand and menthly variation. To read from text file, use ReadFromFile(filename) function.
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Solution:
- modeling
(mathematical)

- MIKE HYDRO Basin (DHI),

- WEAP (SEI),
- MORE (KIT).

Purpose:

v' Provides more
data!

v Interconnect things

together and show
impact!

v" SUPPORT decision

making!

. US_eso_DUR payd | L el Dl e e | |
discharge from urban areas connected to | =US_cso_ CSS_COM- 365
55 pAU i 7. discharge of inhabitants connected to
~US _ass_A_IMP.IM_PREC yr-US_RC- 1000 US_cso_Q_CSS_COM ma sewer systems
pAU 22, US_DUR_g_COM hid US_Q_spec_COM| | li{ha-s) _ . . 365
v | | | | | discharge from commerce in combined sewer systems =IM_INH_oss - US_INHC_H20 - —0
%o duration of waste water (e e ST TR T
ho discharge " —u o . 365 o . US_DUR g COM
U5 e AW R - consumption US_Q_spee_ COM - 100 - 86400 - {0 - US_cso_A_IMP_com - ———— - pAU 23.
area only connected to 55 pAU pAU pAU 14.
@ | | £ us_oss_a_coMm | [ mva
| ‘ | - Us cso Q IMP I& discharge from commercial areas
US_cso_Q mfa US_cso_A_IMP_com *
s e | ‘ 5 Y ﬁ dseu : =SS - runcff from impervious surfaces via combined sewer overflows ST
SR mia B r.a_lnfge via “‘:m ine " sewer (sewell'ztge systems) area of impervious commercial areas (sewer systems) AU
®| =US_esa QIMP+US_cso Q INH +US_cso Q COM within settlements that are connected ) US_cso SHR_q_cso css IMP
discharge from urban areas not connected to to combined sewer systems =US cso Q CSS IMP - %
- pAU 18. u pAU 0 15.
~US_nss_A_IMP - IM_PREC yr- US_RC- 1000 T
pAU 26.
l ¥ L
If Us_nss_Q [ ma US_nss_Q_INH mela [ IM_INH_nss | [ imn ] US oss Q| mla
_SR mlz?qT:'PRFI{E%:F:;x —0 discharge not connected to sewer systems e | discharge of inhabitants not connected to sewer systems number of inhabitants that are discharge from sewer systems
SiR_mﬁt_Q_uﬁcormO : =US_nss_0Q_IMP + US_nss_Q_INH ZIM INH nss - US INHC H20 - 365 not connected to sewer systems =US oss Q IMP +US oss Q INH + US oss Q COM
else pAU 27. pAU 1000 25. pAU pAU 24.
[sR_mnt_FCT_a_a_uncor [-] [sR_mnt_PREC max mm/a us_a [ s US_ssQ | [-]
factor a, runoff via open i value of precipitation fo runoff via sewer systems -« Tunoff via Storm sewers (sewer systems) GW_EXP_INTFL RSG_| [- | [GW_FCT_a_INTFLRsC | [ - |
regions, uncorrected calculate "—mcr'g \:qlfn;pen mountain -~ (US_ss.Q + US_csoQ + US_oss Q) G c exponent, interflow c factor a, interflow
c c g pAU 86400 = 365 28.—| 1 "
J’ ¢ GW. 2 TFL_RSC mm/a
SR_mnt_Q_uncorr | s [mawnt | [ km ] ] SRveg Q | s 450 = . _ [ mma |
; - if runoff rate of interflow, runcfi separation approach
runoff via open mountain regions, not corrected ¢ 8rea of open alpine areas(snow SR veg Q=0, vegetation covered surface runoff | o o . TOT Q-SR mnt Q N
< IM A MNT-SR mnt FCT a O uncor o) SR_veg Q=0 _SRveg Qspec BLA ¢ o =GW_FCT_a_INTFL_RSC - (o - 1000-86.4 * 0,365 29272
(IM_PREC yr - SR _mnt PREC max)"F-met B _Q ueoo pAL else pAU 864 0365 1000 S pAU B 35.
pAU 1000 29, T
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It EXpONeNt, runof via open
TOT_Q . SR_mnt_FCT_snowmelt == SR_mnt_Q_uncorr , mountain runofi rate of total runoff area of analytical i@ R, T U C BT BRI
SR_mnt_Q = SR_mnt_Q_uncorr regions, uncorrected TOT_Q - 1000 unit ¢' ‘L
else c pAlU BI_A 3.
Jv T GW_0Q_spec_BFL_RSC mm/a
| | I I runoff rate of basic runoff, runoff separation approach
SR_mnt_Q /s - . ., TOT -SR E -
SLLS | | =GW_FCT a BFL RSC .(TOTQ-SR Mt Q o0 g6.4.0.365 o e bt ks
runoff via open mountain regions ¥ BL A
(surface runom SR_mnt_FCT_snowmelt -1 ] TOT_Q@ | [ mers | [ SR_veg__spec [[mmsa pAU 36.
=TOT_0 SR_mnt_FCT_snowmeilt factor snowmelting, runoff via open runofi, from water balance runoff rate of surface runoff (from pervious areas)
pAU 30 mountain regions (preprocessing) =SR_veg FCT a Q-(IM_Q spec.86.4.0.365)"-""-55-8 - ~
] S if
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runegfi via surface runoff (from ‘J else i
pervious areas) SR_veg_FCT_a_Q - SR_veg_EXP_Q -
= SR_veg O+ SR_mnt Q ) ' ) ! ¥
pAl 34, factor a, runoff via vegetation exponent, runoff via vegetation
¢ c covered surfaces c covered surfaces Gw_a ‘ | s GW_Q_spec I mm/fa
runcff via groundwater
GW_Q_spec_uncorr mm/a . - _ runoff rate of groundwater
l— _GW.Q spec - GW A rech €7 _ vy o spec INTFL_RSC + GW_Q_spec_BFL_RSC [€—
runoff rate of groundwater, uncorrected < 86.4 - 363
|5 (TOT Q-IM Q WS-SR Q-TD Q-US Q) - 86.4 - 0.365 pAU 39. |pAU 38.
pAU GW_A_rech - 1000 37,
[ ewaren | [k |
i - D | [uniTs
GW_A_rech = 0,001, area of areas contributing to IM_Q mis | Outputs from Land_use
GW_Q_Sp;;Euncorr: 1 IR G TS 5 Total discharge calculated as the sum of the discharge components (from MoRE) | |
pAU NAME . " .
=TD_Q+IM_Q_WS+US_Q+SR_Q+GW_Q EQUATION This section specific inputs
pAU 0.
CALCULATED NUMBER OF miscellaneous inputsfoutputs
FOR STEP




lnterreg Co-funded by - Vjskumng dstay lnterreg - Co-funded by
Danube Region the European Union UV e et Danube Region the European Union

— N~ — Nt
Modeling for Tethys: — Annual time step (2015-2022),
— Modeling: — heavy metals (Cd, Cr, Cu, Hg, Ni, Pb, Zn),

— polycyclic aromatic hydrocarbons (benzo(a)pyrene),
— Medicinal products (diclofenac),
— polyfluoroalkyl substances — PFAS (PFOA, PFOS).

— Transnational and national version.

= Analytical units - National model
= Analytical units - Transnational model
o 25 so 75 1o0km  Water bodies
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Modeling for Tethys:

Supporting tools:

Best practice:

L Vyskumny dstav witerreg
LIV cote, Danube Region

Annual time step (2015-2022),
Modeling: — heavy metals (Cd, Cr

Co-funded by
the European Union

, Cu, Hg, Ni, Pb, Zn),

— polycyclic aromatic hydrocarbons (benzo(a)pyrene),
— Medicinal products (diclofenac),

— polyfluoroalkyl substances — PFAS (PFOA, PFOS).

Transnational and national version.

Databases (PostreSQL),
MS Excel (VBA),
QGIS/ARCGIS (Python, R).

AVOID BLACK-BOXES! Input

Black Box Testing

Output

Design and
preparation

Creating the
model

Model
valuation

Preparing to model

l

Model design

—

\J

Model
implementation

_l.

Verification

l

Calibration

l

Validation

s =

'

Explanation J

N

Prediction J
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Modeling for Tethys:

Supporting tools:

Best practice:

©COoNOR~wNE
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Annual time step (2015-2022),

Modeling:

heavy metals (Cd, Cr, Cu, Hg, Ni, Pb, Zn),

polycyclic aromatic hydrocarbons (benzo(a)pyrene),
Medicinal products (diclofenac),

polyfluoroalkyl substances — PFAS (PFOA, PFOS).

Transnational and national version.

Databases (PostreSQL),
MS Excel (VBA),
QGIS/ARCGIS (Python, R).

AVOID BLACK-BOXES! Input

Automate!
Automate!
Automate!
Automate!
Automate!
Automate!
Automate!
Automate!

. Automate!
. Automate!
. Automate!
. Automate!

Black Box Testing

Output

Preparing to modeIJ
Design and l
preparation
Model design  [&———
‘ >
\J
Creating the ~ Model
model implementation
Verification
Model Calibration >
valuation
Validation
Explanation J Prediction J
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Thank you for your attention.

Miroslav Kandera
Water Research Institute, Bratislava

Webinar, 2 April 2025
10.00 - 11.00 AM
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