FREEWAT m| O ictuwater.eu

/ Free and Open Source Software Tools for Water Resource Management -
EU HORIZON 2020 Project European
/ Commission
ey

FREEWAT

(FREE and open source software tools for WATer resource management)
Final Meeting
September 20th - 22th 2017
IDAEA, CSIC Barcelona

Case study Vrbanski plato Slovenia

Irena Kopac (IEl), Matevz Vremec (IEI-UM)

EIP Water

aaaaaaaaaaaaaaaaaaaaaaaaaaaa

"' > )
- CELEBRAR
. INNOVAR
—c DEBATQE
== 3%
I.

gl
R
o R



Objectives

Testing the flow model

o Diverse hydrological features

- dammed river, drainage, artificial recharge wih river bank

filtrate, river island

o Monitoring data

Testing the transport model

o Real life scenario -> oil spillage

- IE/ contracted for complete remediation measures

- comparison with on-site data
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Geographical setting
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Major pumping stations for the water supply
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Regulation of the water protection zone

¢l Legend:

| Areas of intake »VVO 0«

"] Inner protection zone »VVO l«

. Middle protection zones »VVO ll«
Outer protection zones »VVO lll«

Pumping wells for
the recharge system j8

Pumping station of
Vrbanski plato

HEPP Mariborski
otok

Regulation of the water protection zone of a body of water aquifers Rus Vrbanski plateau Limbuska
dobrave and Drava fields (Official Gazette of RS, Nos. 24/07 ,32/11, 22/13 and 79/15)
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http://www.uradni-list.si/1/objava.jsp?sop=2007-01-1214
http://www.uradni-list.si/1/objava.jsp?sop=2011-01-1580
http://www.uradni-list.si/1/objava.jsp?sop=2013-01-0800
http://www.uradni-list.si/1/objava.jsp?sop=2015-01-3139

Hydrodynamic conditions
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FREEWAT  (ictdwater.eu oy e

or s Managed Aquifer
or Water Resource Menagement Recharge Strategies and Actions
(AG128)




Recharge with river bank filtrate

THE SCHEME OF BANK FILTRATION AS PRE-TREATMENT FOR ARTIFICIAL
RECHARGE AND "ACTIVE" DRINKING GROUNDWATER PROTECTION
ON THE WATERWORKS OF THE CITY OF MARIBOR
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Existing wells

Existing wells
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ing observing wells

Observing wells
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Planned second step of IRBF system
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Steps and methods

1. Establishment and calibration of a 50 x 50 m steady-state model

2. Establishment and calibration of a 5 x 5 m steady-state model

I. Location of the groundwater divide during different scenarios of
pumping/recharging

3. Upgrade into a transient 5 x 5 m model

I. Location of the groundwater divide after the counstruction of the
remediation wells

Il. Particle tracking (MODPATH)

4. Upgrade into a transport model

. Contamination area
Il. Efficiency of the remediation wells
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Geometry of the domain

Horizontal discretization

The investigated domain is 2250 m large and 6400 m long.
The domain is divided in 5 m x 5 m cells.

The horizontal grid consists of 450 rows and 1280 columns.

Legend
Bl Inactive cells
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Geometry of the domain

Vertical discretization

The sandy aquifer is represented by one model layer, whose thickness
ranges from 0.2 m to 44 m.
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Geon etry of the domain
Layer Bottom Elev.[m] IS l | L L 7—4
235.0 237571 240.143 242,714 245,286 247.857 250.429 253.001

aquifer bottom

terrain
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Summary of Model Setting

The groundwater flow model has the following features:
-Model layer is unconfined, ranging in thicknes from 0.2 mto 44 m
-Horizontal hydraulic conductivity (K, and K, ) are in the range 6 - 300 m/day

-Vertical hydraulic conductivity: K, = K,/10 m/day.

8
&

11

Legend

Hydraulic conductivity table[m/s]:
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Boundary conditions

The groundwater model has the following boundary conditions:
- Inactive cells located in the northern part of the domain

- Assigned head on northern south-east boundary: package CHD

- River infiltration and drainage with package RIV

- Drainage on the south-west boundary by package DRN.

Legend

B Inactive cells
Boundary conditions:

I RIVER cells
@ CHD cells
[ DRN cells
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RIVER package

The geometry of the river bottom was determined on the basis of
measurements of the cross sections of the reservoir from the
HEPP Maribors island to Melje dam
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Sink and source terms

The next hydrological sink and source terms were taken into
account:

« WEL package simulating pumping and recharge wells in the area of the
pumping station Vrbanski plato and two remediation wells constructed in the
area of the fuel oil spillage,

« RCH package simulating the rainfall infiltration.
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B Inactive cells
o
3 Rain infiltration [mm/year]:
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WELL package

« 15 extraction wells in the area of the pumping station Vrbanski plato
« 3 extraction wells in the area of Maribor island
« 2 recharge wells and 2 remediation wells
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Model calibration
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Legenda:

B nactive cells
Used piezometers:
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Model validation
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Scenarios of the 50 x50 mand 5x5m

steady-state model

Legend

1| — Groundwater recharge system

wells
I Pumping WEL cells used at the pumping station Vrbanski plato
I Pumping and recharge WEL cells used for the recharge system
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1 Average values Average values
2 0 Average values
3 Maximum values Maximum values
4 0 Maximum values
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Results of the 50 x 50 m and 5 x 5 m steady-
state model
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Location of the oil spillage

Legend
I Inactive cells
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Oil spillage - location of remediation wells
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Remedial measures

To storage Land surface
tank 4
To seperator |#=——== o
tank Remediation
 well
Initial GW
level &

Skimmer
pump
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LEGEND: P-MOM-01/16 | P-MOM-07/16
[ IUnsaturated zone
I Floating heating-oil zone

B \Water saturated zone
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Time course

- The estimated time of ail burner activity from December
18 2015 to March 7' 2015 - 450h

- The estimated consumption of heating oil in this penod:

41 000 liters
#_- - On the 79 of March 2016 there shauld still be 12,000

liters of heating oil left in the tank.

The tank was empty == the estimated guantity of heating

y oil spilled in the intermediate environment i 12,000
——— liters

- Estimatad hesting oil quantity could flow out in such time

through a crack in the pipe of size class 0.5 o’

Estimated time of il burner activity from 7 to 10 of

March 2016 - 24h (8h,/day)
The estimated consumption of hesting oil in this pericd -

2.000 liters
On the 10th of harch there should =till be 8.000 [tres |eft
im the tank

Tha tank was empty=> the estimated quantity of hesting
gil zpilled in the intermediate environment is 8,000 livers

i The total estimated quantity of heating oil |
! spilled into the intermediate environment is E
o 20.000 liters!!! !

e oo o

Heating oil guantity in the tank

18.12.2015 01.03.201e 0O7.03.201e 10.03.2016
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Time discretization

>P From To Length State Description
number (days)
1 01.07.2014 | 01.03.2016 | 609 Transient Model simulation
2 01.03.2016 | 10.03.2016 | 9 Transient | O Pill * flow through the
unsaturated zone
3 10.03.2016 | 12.04.2016 | 33 Transient Flow through the
unsaturated zone
4 12.04.2016 | 16.10.2016 187 Transient Pumping of piezometers
Construction of the remediation wells Pumping values [m*/dan]*
5 16.10.2016 | 25.10.2016 9 Transient 492.5
B 25.10.2016 | 31.10.2016 b Transient 0
7 31.10.2016 | 08.11.2016 8 Transient 60,5
8 08.11.2016 | 15.11.2016 7 Transient 1036,8
9 15.11.2016 | 28.11.2016 13 Transient 712,8
10 28.11.2016 | 27.12.2016 29 Transient 864
11 27.12.2016 | 09.01.2017 13 Transient 604,58
12 09.01.2017 | 30.06.2017 127 Transient 604,58
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Results of the 5 x 5 m transient model
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B Inactive cells

* Location of remediation wells
=== | ocaiton of the GW divide before the construction
== | ocaiton of the GW divide after the construction
=== Groundwater level before the construction

=== Groundwater level before the construction

| ————————
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Particle tracking using MODPATH
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Particle tracking using MODPATH
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Eveluating the efficiency of the remediation
wells

157900
!
-
6
:
=
!
:

157850

- Q.
V-MOM-02/16

157800

- V-MOM-01/16

157750

550150

EIP Water ETNEDT® a
Matchmaking for water Innovation csic
MAR Solutions - Managed Aquifer 1

Recharge Strategies and Actions
(AG128)

@ FREEWAT () ictuwater.eu

j tware: Toals for Warter Riesaurce Manamemert




Results of the 5 x 5 m transport model
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Results of the 5 x 5 m transport model




FREEWAT in the future

University of Maribor
o Part of a regular curriculum
o 2 master thesis and planned new ones (University of Ljubljana)

Vrbanski plato

o Inter-municipalities agency for environmental protection
o Maribor Water Supply company

Collaboration with Slovenian Environmental Agency,
Environmental Protection College Velenje, Faculty of Natural sciences and
Engineering Ljubljana, Department of Geology

Combining water resources modeling and management with hydraulic
management

QGIS/ FREEWAT + EPANET
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Thank you for your attention!

iIrena.kopac@iei.si
matevz.vremec@gmail.com
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