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FREEWAT

1. 3aranbHa iHpopmauis

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu

Llen npoekT oTprMaB GpiHaHCYBaHHA 3@ NPOrpamMor0 HayKoBUX JOCNIAKEeHb Ta iIHHOBALLi
€sponericbkoro Coto3y NopmsoHT 2020 rpaHToBa yroga Ne 642224




D Lo Take FREEWAT
==
FREEWAT

[ToeagHaHe 3 [IC cepegoBULLE MOAENTIOBAHHA

3BIAKPUTUM BUXIAHNM KOAOM, AKe
NOLUVIPHOETLCA AK CyCnifibHe HagbaHHS,

ANA CUMYNALIT KINTBbKOCTI Ta AKOCTI
noBepxXHeBUX | Nig3eMHNX BOA,

ob'egHaHe 3 MOAY/IAMMN IHTErPOBaAHOTO
NNaHyBaHHA Ta ynpaBaiHHA BOAHUMMN
pecypcamu.

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu

Llen npoekT oTprMaB GpiHaHCYBaHHA 3@ NPOrpamMor0 HayKoBUX JOCNIAKEeHb Ta iIHHOBALLi
€sponericbkoro Coto3y NopmsoHT 2020 rpaHToBa yroga Ne 642224




MeTa — ya0CKOHasieHHs ynpaBniHHA
1]
S=—>>BOAHNMMU pecypcamMm

FREEWAT

3aBAAHHA:

*Y3roAUTW pe3ynbTaTii monepesHix 4oCNigKeHb ANS
IHTerpauii HagBHMX NPOorpaMHMX Moaynie Ao eaANHOI '1C-
nnatpopmu

* 3abe3MeynTn 3aCTOCyBaHHS iHCTpyMeHTIiB FREEWAT
3aLiKaBeHNMIK CTOPOHaMU (TeXHIYHWW MepcoHan Ta
ynpasniHL,)

*nogonatn po3pme Mixk EC Ta CLUA B ranysi iIHCTpyMeHTIB
MOZeNoBaHHA Ta yrpas/liiHHA BOAHVIMU pecypcamMu

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu

Llein npoekT oTpnMaB $iHaHCYBaHHSA 3@ MPOrpamMord HayKOBUX AOCiAXeHb Ta iIHHOBALLil

€sponericbkoro Coto3y MNlopmsoHT 2020 rpaHToBa yroga Ne 642224



AocnigHNUbLKNIA KOHCOPLiyM

- 1)

FREEWAT

® KoopanHaTtop:

o Scuola Superiore
Sant'Anna SSSA
(M. i3a, ITanis)

s
® KepiBHa rpyna:

o SSSA (Itanisq)

o TEA-Sistemi (ITanisa)

o TU Darmstadt
(HimeuunHa)

o |DAEA-CSIC (lcnaHis)

®(01.04.15 — 30.09.17
30 micauiB

® 19 napTHepiB

® 13 TeMaTUYHUX AOCNIAXKEHb
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11 Hawa poJsib
él‘ P

FREEWAT
1. TexHiyHe Ta agMiHICTpaTBHE KOOPAVMHYBaHHA NPOeKTY B YKpaiHi

2. HaBYaHHA TeXHIYHOIO NepcoHany A4 HapoLLyBaHHA NMoTeHLuiany

3. Anpobauia iHcTpymeHTiB FREEWAT B gocnigkeHHi, cnpaMoBaHOMY
Ha NMOKpaLleHHS Ta po3pobKy CueHapiiB ynpaBniHHA BOAHVIMY
pecypcamMmu

4. 3abe3rneyeHHs 3a/ly4eHHSA 3aLikaBneHNX CTOPiH, 30KpeMa
yrnpas/iHLIB

5.TligroToBKa pekoMeHaaLin WoA0 «HaNKPaLLX MPaKTUK»
3acTocyBaHHA [NNC-IHCTPYMEHTIB ANA MOAeNHoBaHHA 3 MeTOH
NaaHyBaHHA yrnpasBniHHA BOAHUMIK pecypcamMu

6. [owmpeHHsA iHpopMaLlil Ta KOMYHIKaL,is

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu

Llen npoekT oTprMaB GpiHaHCYBaHHA 3@ NPOrpamMor0 HayKoBUX JOCNIAKEeHb Ta iIHHOBALLi
€sponericbkoro Coto3y MNlopmsoHT 2020 rpaHToBa yroga Ne 642224
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FREEWAT

2. 0Ornap nporpaMHuUX IHCTPYMEHTIB
FREEWAT

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu

Llen npoekT oTprMaB GpiHaHCYBaHHA 3@ NPOrpamMor0 HayKoBUX JOCNIAKEeHb Ta iIHHOBALLi
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H BiaKpwUTI Ta BiZIbHI IHCTPYMEHTW
N

FREEWAT

® BiAKPUTUW BUXIAHUWN KOA
® 6e3KOLITOBHE MNOoLMpPeHHS
® Oe3KOLUTOBHE HAaBYaHHA
® MOXJIBICTb AONYUNTUCH

® noTeHUian ANs po3LUNpPEHHS

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu

Llen npoekT oTprMaB GpiHaHCYBaHHA 3@ NPOrpamMor0 HayKoBUX JOCNIAKEeHb Ta iIHHOBALLi
€sponericbkoro Coto3y NopmsoHT 2020 rpaHToBa yroga Ne 642224




L T1C ans iHTerpauii — QGIS

FREEWAT

* BiaKpwuTa Ta BinibHa I'lC

* PO3BUHEHNI QYHKLIIOHA/
* iHTeponepabenbHICTb

* AMHAMIYHWW PO3BUTOK

* 4OCBi4 PO3POOHVIKIB

* TeCTyBaHHA Ta anpobalid

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu

Llen npoekT oTprMaB GpiHaHCYBaHHA 3@ NPOrpamMor0 HayKoBUX JOCNIAKEeHb Ta iIHHOBALLi
€sponericbkoro Coto3y MNlopmsoHT 2020 rpaHToBa yroga Ne 642224




H IHCTpyMeHTW, Wwo iHTerpytTbca: MODFLOW

=

FREEWAT

* TPVBUMIPHE MOJE/HBaAHHA Mig3eMHUX
BO/, Ta BOLOHOCHUX FOPU30HTIB

*[eonorivyHa cnyxoa CLUA
ny6nikye ko 1984 p.

e e dakTo, CTaHAapT
® MOAY/IbHa CTPYKTYypa

o 0b'€efHaHI cnUCTeMU MOBEPXHEBUX
MniA3eMHUNX BOA

° MepeHeCceHHsA PO3YMHEHNX PeYOBUH
° B3AEMOJIA PI3HOPIAHMX MOTOKIB

o KOMMOHEHTW 3abe3neyeHicTb-nonnuT
BOAHOIO 6roKeTy

*SID&GRID (Regione Toscana):

o MOBEPXHEBUI Ta NiA3eMHU CTiK

o MpoLecn B 30Hi aepauil

http://water.usgs.gov/ogw/modflow/ ° iHTerpauisa Ao QGIS

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu

Llen npoekT oTprMaB GpiHaHCYBaHHA 3@ NPOrpamMor0 HayKoBUX JOCNIAKEeHb Ta iIHHOBALLi
€sponericbkoro Coto3y MNlopmsoHT 2020 rpaHToBa yroga Ne 642224




1 IHCTPyMeHTW Ta A0CBiA nonepeaHIX NPoeKTIB

N
FREEWAT
* MARSOL (Demonstrating Managed Aquifer Recharge as a Solution to Water
Scarcity and Drought)
TpaHCMnopT PO3UMHEHUX PeyYoBVH B nig3eMHi BOAM

http://www.marsol.eu/

* QUIMET (GIS-based Hydrogeochemical Analysis Tools): TC-iHcTpymeHT ans
36epexeHHs, aHanisy Ta Bi3yanisau,il rigporeoxiMiyHNX 4aHnX

* LIFE Nitrates (Repercussions of Agricultural Practices on the Nitrate Pollution
of Inland Waters): imiTauinHe MoaentoBaHHA AN  KiJIbKICHOT OLHKWK

3a6pYIHEHHSA I'PYHTOBMX BOJ HiTpaTaMy 3 CiIbCbKOrOCMOAAPChKNX AXepen
http://www.life-nitratos.eu/

e HOPE (UNESCO's Hydro Free and/ or Free and FOSS Platform of Experts
Initiative): 3acToCyBaHHSA BIiAKPUTUX IHCTPYMEHTIB 419 ynpaB/iHHA BOAHVMU

pecypcamMmu B KpalHax Adpurkn
http://www.hope-initiative.net/

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu
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€sponericbkoro Coto3y NopmsoHT 2020 rpaHToBa yroga Ne 642224



http://www.life-nitratos.eu/

) 36epe>keHHs Ta ynpasJ/liHHA JaHUMM:
~== SpatiaLite Ta QGIS

FREEWAT

/ QGIS 2.14.0-Essen - 10 =@ = |
OmBBLR %@@»ﬁﬁé@nppﬁh g ec
v‘, Layers Panel ‘L\'
BwTVE-BAD £ " DR
'ﬂ prg_locations_t0
1] timetable_to
[#] =
modeltable_t0
AR E
R [0 (3 sp2
[ (@ spa
q} [ (A spa
s [@ [T pata
@ * wells
% [7] inf_pond
= — riv_seg
@ mp
> [ @ aquifers
,u ¥ map
- = Info | Table Preview
E@ 4 & Spatialite/Geopackage -
4 [.lite t0.sqlite
8 aquitard 5
®ogia Connection details
. lower_aquifier
E Ipf_t0 Filename: C:/FREEWWAT ft0/t0.sqglite
E modeltable_t0
D prg_locations_t0 R
® pumping 2spwell =| General info .
88 pumping 3sp_well SQUite version:  3.7.17
8 pumping_4sp_well
8 recharge_ 3sp_rch L.
® recharge dsp.rch SpatialLite/Geopackage
S r?ver_lsp_r?v | 4 Library: 4.1.1
. river_2sp_riv GEQS: 3.5.0-CAPI-1.9.0 r4034
. river_3sp_riv Proj: Rel. 4.9.2, 08 September
. river_4sp_riv |
[7] timetable_t0 - i
e ——_— —_—
Coordinate 11.0286,42.8738 Scale  1:14 365 ~* Rotation 0.0 ? Render eEPSG:SZGSZ(OTF} Q
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=

FREEWAT

Model Name: [tO

Groundwater Flow | Solute Transport I Water Management and Crop Modeling I Model Calibration |

N MoaentoBaHHSA: NiA3eMHUN CTIK

[C] cHD [ - ] [] UzF {Unsaturated Zone)

UZF Layer:
[ wEL [pumping_?_sp_well - ] ' -

Surface Layer: -
|:| RIV [river_lsp_riv - ] '

Recharge Option: To/From Only Top Model Layer -
[ DRN [ -

Simulate Evapotranspiration

[[] eHB [ -]

Use SFR Package

] Mhw ( -
[ rcH [red’13rge_35p_rd1 - ] Rch Option: ’Recharge to top grid - ]
[Cevr [ M ] Evt Option: [I:"I' to top grid - ]

[7] Activate Link with MT3DMS (LMT Package)

OBSERVATIONS
[ HoB - ]

[7] 5FR2 (Stream Flow Routing)

SFR Layer:

SFR Table:

Simulate Unsaturated Zone

Conversion
Factor
(CONSTANT)
Tolerance
Level
(DLEAK)
Streamflow
Tolerance
(FLWTOL)

86400

0.001

0.001

Weighting

Factor 0.75
(WEIGHT)

Mum, of Sub-

Time Steps 2
(NUMTIM)

IHDWET 1
Rewetting Parameters

PCG Solver parameters

Quter Iteration Inner Iteration

20

Modified Incomplete Cholesky -

HCLOSE 0,001 IPRPCG 999

RCLOSE DAMP

0.001 10

RELAX 1.0

MUTPCG Print maximum head change and residual ]

[] Only Write Input Files [ Run ] ’Open Report l [ Cancel

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu
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MopaentoBaHHA: nepeHeceHHs
S>> PO3UMNHEHUNX PEYOBUH

FREEWAT [ 7 Run Model =~ 3 R

Model Name: [tO - ]

Groundwater Flow Solute Transport | Water Management and Crop Modeling I Maodel Calibration

Transport Model: [ - ]

ADVECTION Package
Solution Option (MIXELM): [Siandard Finite-Difference - ] Courant number (PERCEL): 0.75

Particle Tracking Algarithm: [First—order Eulerian - ] MXPART: 00000

ol | [] Dispersion is Active

[C] Reaction Layer ']
Type of Sorption: [No sorption - ]
Type of Kinetic Rate Reaction: [No kinetic rate reaction - ]

SINK and SOURCE Package

oo | -] [] Distributed Sink/Source (RCH ar EVT)
[ wEL [purnping_Zsp_weII v] [ Mass Loading [ v]
[ rav [river_lsp_riv v] [T Constant Conc. [ v]
Cee | -
[7] pensity Dependent Flow [”] viscosity Dependent Flow
Method for Mass Conservation (MFMNADVFD) Central-in-space - Simulate effect of Temperature =5 representing Temperature: -
Reference Density: | 1000 Slope coefficent for EoS: (0.7 Reference Viscosity: |0.00083 Slope Coeffident (DML | 0.00000192
GCG SolverParameters
Quter Interation (MXITER): 1 Inner Iteration (ITER.1): 50
Preconditioner {ISOLVE): [Jacobi - ] Dispersion Tensor Term {(NCRS): [Lurnped - ]
Relaxation Factor (ACCL): 1.0 CCLOSE: 0.0001 IPRGCG: 1]
[] onhy Write Input Files [ Run ] [:Jpen Report] [ Cancel ]

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu
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MopaentoBaHHSA: ynpaBJ/liHHA BOAHUMM
1]
S—=—> pecypcamMwu

FREEWAT [ 7 Run Model - .. EERES)

Model Name: [tﬂ hd ]

| Groundwater Flow I Solute Transport | Water Management and Crop Modeling | Mode! Calibration

Have you already created a MODFI OW Model?
@ YES (the NAME file of your model will be uploaded and used to run this module)

(70 NO {You have to build all desired MODFLOW Packages and Options in Groundwater Flow Tag, on the left)
Insert input for this module:
Water Demand Units (Farm_ID)

Water Units Properties

wells for a Water Unit (Farm Wells)

Soils properties

Crops and Soils for & Water Unit

Crops properties

l
l
l
[ Pipelines for a Water Unit ’ - ]
l
l
l
l

Climate Data

[] only Write Input Files Run l [Open Report ] ’ Cancel

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu

Llen npoekT oTprMaB GpiHaHCYBaHHA 3@ NPOrpamMor0 HayKoBUX JOCNIAKEeHb Ta iIHHOBALLi
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MpeacTaBneHHs pe3ynbTaTiB:
S>> none rigpoannHaMmi4yHoOro Harnopy

FREEWAT

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu L

*
Lleh npoekT oTpuMaB piHaHCYBaHHSA 3@ MPOrpamMord HayKoBUX AOCNIAXeHb Ta iHHOBaLLi ) x
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FREEWAT

3. OuikyBaHi pe3ysbTaTt

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu
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H Moayni Ta IHCTpyMeHTU nnatdopmum FREEWAT
H Ay py ¢op

FREEWAT

* YMpaBiiHHA BOAHUMW pecypcamMu Ta NaaHyBaHHSA

* I[HCTPYMEHTU ANA aHani3y JaHuxX CcrnocTtepeXxeHb

* KaNibpyBaHH4A, OLlIHKA HALINHOCTI

* NepeHeceHHa PO3YHEHWX PeYOoBKH B 30HI aepaLiii
* OLiHKa NOTpeb y BOAI Ta PO3BUTOK C/T KYNbTYp

* KOHTPO/Ib AKOCTI NiA3eMHUX BOA

* aHani3, iIHTepnpeTaLlia Ta Bi3yanisauia rigporeonorivyHmx
AAHNX

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu

Llen npoekT oTprMaB GpiHaHCYBaHHA 3@ NPOrpamMor0 HayKoBUX JOCNIAKEeHb Ta iIHHOBALLi
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1 HaykoBi pe3ynbTaTtn
S

FREEWAT

* PO3POOKaA IHCTPYMEHTIB, AKi 3abe3neyaThb
IHTerpoBaHM Nigxia 40 MoAetoBaHHS BOAHMX
necypcis

* PO3POOKA KOMM/IEKCHOI MeTOAUNKWN OLLiIHK BOAHOIO
broAXeTy TepUTOPIl Ha OCHOBI KiJIbKICHOTO
MOJeNrBaHHS

* ajanTauigd MiXXHapOAHMX Ta EBPOMENCHEKNX METOANK
10 HaUiOHaNbHMX AOCNIAHNLBKMX 3aBAaHb

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu
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11 [IpyknagHi pe3ynbratu

FREEWAT

* 3arasbHOAOCTYMHI NporpamHi 3acobu Ta MNC-iHCTPYyMEeHTY

* KBaNiPiKOBAHNW TEXHIYHW NMepCOoHa

* pekoMeHAauil LoA0 3aCTOCYyBaHHA «HaUKpaLLUMX MPaKTUK»
CLUleHapHOro MoZentBaHHA ANA yripaBiiHHA BOAHUMY
pecypcamu

* MIATPVIMKA NPUNHATTS OOIPYHTOBAHMX pilleHb HAa OCHOBI
aHanisy AaHnX

* CMPOLLEHHA 3aCTOCYyBaHHA Ta BTIIEHHA BVMOI AVNPEKTUB
€C: BogHol pamkoBol 2000/60/EC, mpo nig3emHi Boawu
2006/118/EC, npo HiTpaTtn 91/676/EEC TOLLO

FREEWAT: BifibHi Ta BigKPWUTIi NporpamMHi iHCTpyMeHTU ANna ynpasiiHHA BOAHUMM pecypcamMmu
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FREEWAT

AAKylo 3a yBary

Aap'a Ceig3iHCbKa

AocnigHnLbKo-0CBITHA NnabopaTtopia OSGeo KHYTLL
http://lab.osgeo.org.ua/
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