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FREEWAT tootamine planeeritakse moodulitena, kus tarbija voi osa mooduleid sisse vi valja lulitada. Samas voivad osade
moodulite véljundid olla teiste sisendiks.

Tapne programmi kirjeldus ning juhendid programmi tutvustamiseks ja 6ppimiseks valmivad 2016. aasta teisel poolel.
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@ Freewat platvorm

FREEWAT

FREEWAT toimib moodulprogrammina QGIS susteemis, kus
tlesannete [ahendamiseks on voimalik sisse voi valja lulitada
programmi erinevaid mooduleid.

Moodulite arendamise Uks pohimote on, et programmi

kasutamine ei tohi olla limiteeritud kolmandate osapoolte
tasulistest pakettidest.
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@ Freewat ehitus

FREEWAT M

457
QGIS — GIS keskkond, kuhu on modelleerimise tarkvara

mahitud

[patiaLite — koik andmed ja mudeli komponendid on seotud
geoinfo andmebaasiga

ZUSGS

science for a changing world
Modflow — modellerimise pohituumaks on USGS poolt
arendatud Modflow 2005

; 2 Python package to create, run, and post-process MODFLOW: based models.

Flopy — Phyton rakendus, et Uhendada QGIS modeleerimise
koodidega P
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Freewat peamine eelis on kogu modelleerimisprotsessi sidumine
GIS keskkonda
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@ Freewat pohikomponendid

FREEWAT

 Andmete eeltdotlus

* Aegridade eeltdotlus

 Pohjaveemudeli ehitus ja rajatingimused

* Farm protsessi ja veemajanduse optimeerimise moodul
* Modelleerimistulemuste jareltootlus

e Mudeli kalibreerimine, verifitseerimine
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@ Andmete eeltootlus - QGIS

FREEWAT

* Pindade interpolatsioon
e puurkaevud ja —augud
e geoloogiline baaskaart (aluspohjareljeef,
avamusalad)

e ehitusgeoloogilised puuraugud

e (Hudro)geoloogilised uuringud sh labildiked

Probleemid
e kirjeldatud erineval tasemel (lade, kihistu)
e stratigraafiline klassifikatsioon on

muutunud

e asukohatapsus
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@ Andmete eeltootlus - QGIS

FREEWAT
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Veekogude andmed:
korrektne geomeetria;
laius, pikkus, sugavus,
veetase

Andmete eeltootlus - QGIS
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FREEWAT

X O AkvaGIS
X @ Points
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| ListCampaignType
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Citations
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* ListResultsQualityCode
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Luuakse tuhi SpatiaLite andmebaasistruktuur

Administratiivsed andmeid: Projektid, asutused,
laborid, normatiivid

Hudrogeoloogilised andmed:

Kaevud, allikad, piesomeetrid

Kaevu konstruktsiooni andmed
Mootmistulemused (veetase, tootlikkus)
PShjaveekihid

PShjaveekihte iseloomustavad parameetrid

Hudrogeokeemilineandmestik:

Flusikalis-keemilised parameetrid
Seirekavad
Laborid
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FREEWAT
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FREEWAT

e Andmebaasi
ehitus ja

kasutusvahendid;

 Hudrogeokeemia
vahendid —

arvutusmeetodid,

diagrammid
 Hudrogeoloogia

vahendid -
teemakaardid

@ Andmete eeltootlus - AkvaGIS
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Create AkvaGIS Database
Open AkvaGIS Database
Close AkvaGIS Database
Manage Hydrochemical Data
Hydrochemical Spatial Query
Piper Plot

SAR Plot

SBD Plot

Stiff Plot |
Time Plot

lonic Balance Report
Chemical Parameter Map k<
Parameter Normative Map ﬁ
Stiff Diagram Map

EasyQuim Export

ExcelMix Export

StatQuimet Export
Hydrogeoclogical Spatial Query
Hydrogeological Parameter Map
Hydrogeological Units Map
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Andmete eeltootlus - AkvaGIS

Piper’i diagramm
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Andmete eeltootlus - AkvaGlIS

Stiffi teemakaart

Horizon 2020
European Union Funding
for Research & Innovation

0

S0 8INANS

8

4

<

b
o

RS

w

N &

2/ B®R

J C

7 QGIS 2.14.6-Essen - a

Project Edit View Layer Settings Plugins Vector Raster Database Web CadTools EREEWAT Processing Help

BRLOR A0, APPRLR L EET =0 g
L ad®d

fol¢® Jo {3 75/%% $o ¥

L o v ]:\]:%v %v

Al e

@@ = V] | (@bg b (abgl (aba
~ @R & O =< & B = g g ™

[ ]

‘abel
bd

> @ 0P G @ ¥ O
g 2 mim

{3 fa|3%

8

“he{s %

v

» AD »

Layers Panel
2 TR g 3 ) \‘

- & HydrogeologicalPointsObservations
. 2 HydrogeologicalPointsMeasurements
-~ ListHydrogeologicalParametersCode
- E WellsHydrogeologicalUnit
HydrogeologicalUnits
' ListHydroUnitType

l Normatives

&= HydrochemicalNormativeParameters

ListUnitOfMeasurements
- Processes

ResponsibleParties

Citations

ListStatusCode

LlstActlwtyType

. 2
&
33

& ListGeometrySourceType
= ReferenceSystems

& ListPointType

& ListResultsQualityCode
ListResultsNatureType

nmmmmﬁm

- ListFunctionCode
@ Generated Maps
# Uldkaredus (mg/1)
- X @ 1.5500 - 2.9675
X ® 29675 - 4.3850
X © 4.3850 - 5.8025
-~ X @ 5.8025 - 7.2200
7 Fe_iild (mg/1)
- X @ 0.3300 - 10.8975
- X O 10.8975 - 21.4650
X @ 21,4650 - 32.0325
X @ 32.0325 - 42.6000
= X [ Generated Maps
X M stiff
D . Maa-ameti aluskaardid

8

Maa-amet

oKonsu

3% s
nsu jarv

Stiff Plot

Cl

504

HCO.

0
meq

S;:’ale 1:76.,159‘

Coordinate 697491,6579798 - Rotation 0.0

= Render @ EPSG:3301 (OTF) @

FREEWAT I6puseminar 23.08.2017

== TARTU ULIKOOL

geoloogia osakond

-
16312



Horizon 2020
European Union Funding
for Research & Innovation

@ Pohjaveemudeli ehitus

FREEWAT

Modflow 2005 kasutamiseks on vaja luua arvutusvore, anda igale
rakule arvutusteks vajalikud keskkonnaparameetrid ning maarata
mudeli rajatingimused

i | EREEWAT | Processing Help

Data-Preprocessing (akvaGIs) L - —
Model Setup r Ll
MODFLOW Boundary Conditions * ﬁ Create Grid
Solute Transport Process * Create Model L
Water Management and Crop Modeling (FARM PROCESS)  * reate Mode _ ayeEr
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@ Pohjaveemudeli ehitus

FREEWAT

Modflow 2005 kasutamiseks on vaja luua arvutusvore, anda igale
rakule arvutusteks vajalikud keskkonnaparameetrid ning maarata
mudeli rajatingimused
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Pohjaveemudeli ehitus
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Modflow 2005 kasutamiseks on vaja luua arvutusvore, anda igale
rakule arvutusteks vajalikud keskkonnaparameetrid ning maarata
mudeli rajatingimused
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Boundary Distance

Schematic of General Head Boundary

Grid Cell Face

Schematic of River Boundary
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@ Lahuste transpordi moodul

FREEWAT

MT3DMS - Modular 3-Dimensional Multi-Species Transport model
SEAWAT - Computer Program for Simulation of Multi-Species Solute and Heat
Transport — voimaldab ka modelleerida mereveeintrusiooni

- —
3w @ E -

I injection wel ssm
x wells_well
%X — Contour Lines
1- /3% B advective_lay_1_sp_1_ts_12
species_advective
E transport_mt1l
1 mtl_lay_1_sp_1_ts_12
36.25
248,736

bound_chd
advective_lay_1

grid_grid
prg_locations_mt1
1% 2 layer_1
® | 001273
x| | 1273
1% (% 263150_1998
0
B

5| timetable_mt1
= Ipf_mt1
2

= modelta ble_mt1

Jrowser Layers
Advanced Digitizing 3
'AD tools are not enabled for the current map
tool

W A

—

TARTU ULIKOOL

geoloogia osakond

FREEWAT I6puseminar 23.08.2017

-
16312



Horizon 2020
European Union Funding
for Research & Innovation

@ Farm protsessi ja veemajanduse
” optimeerimise moodul

Farm moodul vdimaldab —
dinaamiliselt arvutada O
integreeritud veekasutust
pollumajanduspiirkonnas

i
Y
i R
P

Veebilansi arvutatakse nn RN % B, N o Sl S

&
****

and multi-screened/multi-aquifer

multiple sources of water R
irrigation and supply wells

H H @ Transpiration from native
Fa rm I a | a d e ka u pa’ m IS and riparian vegetation
. @ Natural and artifical recharge
|lahtuvalt tegevustest B boyant apiutums
. . . o (@ Routed surface-water delivery to

VaJ ava d e rl n eva | h U |ga | Vett ® ?;];:;‘::tnrags and-recovery farm from canals and rivers
@ Farm demand for irrigation from Groundwater pumpage from single-
®

Non-routed deliveries as

O pti mee ri m ise p u h u | on multiple water transfers to (@ Runoff and drain return flows

multiple delivery locations to rivers am‘1 Fi?nals
vBimalik sisestada ka . Wataracsounting i D rosrinssstzons
prioriteete ning maksmusi

Figure 1. Diagram showing the types of interdependencies within MF-OWHM and the related constraints on the supply and demand

components (modified from Sehmid and Hanson, 2009). ﬁ- s
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FREEWAT

verifitseerimine

lga mudeli puhul on vajalik hinnata
selle kvaliteeti, tapsust ning

Mudeli kalibreerimine,
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usaldusvaarsust. o ] o

FREEWAT kasutab mudeli

tundlikkuse analGusiks, o
kalibreerimiseks ning e

verifitseerimiseks UCODE
programmi.

UCODE ja Modflow on integreeritud
ning kalibreerimiseks vajalikud
sisendfailid tekitatakse
automaatselt.
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Aegridade eeltootlus — OAT
(Observation Analysis Tool)

Veb CADDigitize =FREEWAT Processing Help

DR QY um

| MODFLOW Boundary Conditions
/‘% % & Solute Transport Process
Water Management and Crop Modeling (FARM PROCESS)
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Tools
DataBase
Program Locations
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Add Time series
Process time series

Manage sensor

Compare sensor

il TARTU ULIKOOL
= geoloogia osakond

1632




Horizon 2020
European Union Funding
for Research & Innovation

&

_—

FREEWAT

Aegridade eeltootlus — OAT
(Observation Analysis Tool)

Ist
S®S

Free and Open Source
Sensor Observation Service
Data Management System

CSV PLOT
itsSOS CSV
MODFLOW's hob file IMPORT EXPORT UCODE obs file
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@ Aegridade eeltootlus - OAT

FREEWAT

Aegridadel on oluline osa pdhjavee modelleerimise protsessis, eriti
ajasmuutuvate mudelite kalibreerimisel

Tanu automaatsete, online ja reaalajas toimivate seirestisteemide
kasvule suureneb aegridade kasutatavus

Aegread ei ole reeglina otse kasutatavad modelleerimise
protsessides

OAT voimaldab pikki aegridasid toodelda selliseks, et neid on
voimalik sisestada modelleerimisprogrammi
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@ Modelleerimistulemuste
jareltootlus
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FREEWAT

Modelleerimistulemuste

jareltootlus

FREEWAT | MMQGIS Processing  Help

Model Setup

Tools
DataBase

Fun Model

QAT

& About

Data-Preprocessing (akvaGIs) ¥

- .
MODFLOW Boundary Conditions F ~a 5 - ﬁ :
Solute Transport Process k = & J .‘

Water Management and Crop Modeling (FARM PROCESS)  *

Calibration/Sensitivity k '. °' @

Program Locations

pf%'@
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2

View Model Qutput

Fun Zone Budget

Plot Calibration Results

View Model Volumetric Budget

Plot Budgets for Water Units

Create Particle Tracking

—
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Modelleerimistulemuste
jareltootlus

Particle Tracking (MODPATH)

EXPLANATION
River
Particle location

~—— Head contour in layer5,
stress period 3,
time step 1

@ Well location

Figure 13. Smulation 4—
forward tracking timeseries

simulation.
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