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Latvijas hidrogeologiskais modelis pazemes dzerama
tdens krajumu parvaldiSanai un atveseloSanai

Aivars Spalvins, Rigas Tehniska universitate, Uldis Nulle, Latvijas Vides, geologijas un meteorologijas centrs

Kopsavilkums - Rigas Tehniska universitaite (RTU) ir
piedalijusies Latvijas regionalo hidrogeologisko modelu (HM)
izveidoSana pazemes udens krajumu racionalai
apsaimnieko$anai. Regionalais modelis (REMO) ,Liela Riga”
veidots no 1993. gada lidz 1996. gadam kopa ar bijuSo Valsts
geologijas dienestu. Modelis REMO aptvéra Latvijas centralo
dalu. HM izveidoSanu visai Latvijas teritorijai RTU uzsaka 2010.
gada. Raksta apliikota tidens krajumu apsaimniekoSana Latvija,
dots Latvijas HM apraksts un izklastiti ta veidoSanas etapi un
metodika. Modelis tiks ieklauts Latvijas Vienotaja vides
informacijas sistéma, kuru uztur Latvijas Vides, geologijas un
meteorologijas centrs. Par Latvijas HM tika zinots Apvienotaja
Pasaules LatvieSu zinatnieku 3. kongresa, Riga, 25. oktobri
2011.9.

Atslegas vardi — hidrogeologiskais modelis, pazemes iidens
resursu parvaldiba, vides atveseloSana

. IEVADS

Valstu un to apgabalu hidrogeologiskie modeli tiek veidoti
pazemes  Udens  krajumu  racionalas  izmantoSanas
nodro§inasanai. Laika no 1993. gada Iidz 1996. gada Rigas
Tehniska universitate (RTU) kopa ar bijuso Valsts geologijas
dienestu Tstenoja regionalo modeli (REMO) ‘Liela Riga”
Latvijas centralajai dalai. Sis modelis bija paredzéts
hidrogeologiskas informacijas apkopoSanai par te izvietotajam
dzerama tdens tdensgiitném (Riga, Jurmala, Jelgava u.c.).
Hidrogeologiskais modelis (HM) aptvéra 168kmx156km
platibu (skat. 1. att.). Rezga plaknes aproksimacijas solis bija
4000m. Tomér Sis HM neatbilst miisdienu prasibam: nav
aptverta visa Latvijas teritorija, parak liels HM plaknes rezga
solis, modelis veidots originala programmattiras vid€, kura nav
savietojama ar musdienigu komercialo programmatiiru u.c.

Istenojot Eiropas Regionala attistibas fonda Iidzfinansétu
projektu ,Hidrogeologiska modela izveidoSana Latvijas
pazemes 1dens krajumu apsaimniekoSanai un vides
atveselosanai”, RTU veido regionala tipa HM Latvijas
aktivajai pazemes Udenu zonai, no kuras var ieglt dzeramo
tdeni. Latvijas HM aptver 475kmx300km plasu laukumu
(skat. 1. att.). Modela plaknes rezga aproksimacijas solis biis
500m. Modelis tiks realiz€ts komercprogrammatiiras
,,Garoundwater Vistas” vide. HM biis dala no Latvijas Vienotas
vides informacijas sist€mas, kuru uztur Latvijas Vides,
geologijas un meteorologijas centrs (LVGMC).

Pazemes dzerama didens krajumu parvaldibu LVGMC
nodrosina turpat 15 gadus veidota un uzturSta digitalo datu
kopa par tdensapgades, geologiskas izp&tes un monitoringa
urbumiem. Tomé&r pastavo$sa datu analizes pieeja, pilniba
nenodroSina pazemes dzerama tdens parvaldibas planoSanu
3-5, 10 vai 25 gadu ilgam laika posmam un tas ir pretruna ar
ES iddens Direktivu un racionalas zemes dzilu resursu
parvaldibas politiku.
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1. att. Regionalo hidrogeologisko modelu izvietojums

HM ka Vienotas vides informacijas sistémas sastavdala biis
neaizvietojams  instruments zemes dzilu  racionalas
izmanto$anas politikas stenosanai.

Hidrogeologiskos un geologiskos datus HM izveidoS$anai
nodrosina LVGMC. Ar LVGMC ir saskanotas prasibas, kuras
HM janodrosina ka vides informacijas sist€émas elementam.

I1. UDENS KRAJUMU APSAIMNIEKOSANA LATVIJA

Latvijas valsts darbiba virszemes un pazemes Tdens
kraijumu  apsaimniekosana tiek definéta ar ,,Udens
apsaimniekoSanas likumu” [4] un tam pakartotajiem Ministru
kabineta noteikumiem un rikojumiem. No tiem bitiskakie ir
[5,6]. Latvija realizé Eiropas Savienibas tris galveno dens
Direktivu [1, 2, 3] izvirzitos mérkus Gidens resursu ilgtsp&jigai
izmantoSanai. Direktiva [2] nosaka vienotu kartibu Eiropas
Savienibas valstu tidenu apsaimniekosana:

* dabisko likumsakaribu izmantoSana resursu
apsaimnieko$ana (upju baseinu sateces princips — planoSana
un apsaimniekoSana nav primaras ne vien nacionalas
administrativas robezas, bet arT starptautiskas robezas);
Latvijas teritoriju aptver Cetri starpvalstu tipa upju baseini:
Ventas, Lielupes, Daugavas, Gaujas;

+ interdisciplinara pieeja planosana, planosanas
nepartrauktiba un cikliskums (Latvija paredzeti tris planoSanas
cikli: 2004.-2015. gadi; 2015.-2021. gadi; 2021.- 2027. gadi)

Lai ar1 Latvijai netriikst ne virszemes, ne pazemes tdens,
tomer tai ir obligata TUdens resursu apsaimniekoSanas
planosana. Latvija Sobrid izpilda pirmo planosanas ciklu. Ta
dazi rezultati atspoguloti dokumenta [8]. Par pazemes udens
resursu stavokli pirms Latvijas iestaSanas Eiropas Savieniba
liecina materiali [ 9, 10, 11, 12]. Lai arT visuma Latvijas
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pazemes TUdens krajumi ir laba stavokli, tomér seklie
gruntsiideni ir vaji aizsargati no piesarnojuma avotiem
virszemé (atkritumu izgaztuves, bijuso militaro bazu
teritorijas, naftas produktu glabatavas, apdzivotas vietas,
lauksaimnieciska darbiba u.c.). Nepareiza un parmériga
pazemes Udens izmantoSana ir izsaukusi ta kvalitates
pasliktinasanos (pieméram, Liepaja notika jlras ddens
intrizija [18], Jelgava pasliktinas art€ziska pazemes tdens
kvalitate [7], Baltezera 0idensgtitvi bitiski apdraud aktiva
saimnieciska darbiba tas tuvuma [14] u.c.).

Valsts Vides aizsardzibas un regionalas attistibas ministrijas
uzdevuma tdens apsaimniekoSanas planus sastada un korigé
Latvijas Vides, geologijas un meteorologijas centrs [6].
Centram jaizveido un jaattista Latvijas vienota vides
informacijas sistéma, kura aptver arT tidens apsaimniekosanu.

Pasaules (ASV [25], Kanada [29]), Krievija [17] u.c.) un
Eiropas Savienibas valstis (Danija [28], Niderlande [27],
Liclbritanija [26], Lietuva [16] u.c.) pazemes resursu
parvaldibas realizacijai veido valsts un tas regionu
hidrogeologiskos modelus, kuros ar datormodel&3anas
lidzekliem tiek iegiita planosanai vajadziga informacija (tidens
horizontu pjezometrisko ITmenu kartes, stratigrafiskie
griezumi, geologisko slanu tdens filtracijas Ipasibas, telpisko
tidens plismu virzieni un atrumi, piesarpojumu izplatiba un
ietekme u.c.).

Latvijas geologiska dienesta uzdevuma Rigas Tehniska
universitate 1996. gada izveidoja regionalo hidrogeologisko
modeli REMO Latvijas centralajai dalai [7]. Modela datus
universitate izmantojusi daudzu lokalu hidrogeologisko
modelu iegtisanai [13, 14, 15, 19, 21, 23, 24].

Sobrid Latvijai nav vienota tas teritorijas hidrogeologiska

modela. Eksiste dazadu organizaciju izveidotie
hidrogeologiskie modeli, kuru uzskaite nav centralizéta.
Modeli nav  publiski  pieejami  pazemes  Gdens

apsaimniekoganas plano$ana. Sobrid Latvijas pazemes tdens
resursu apsaimnicko$anas planoSanai izmanto galvenokart
analitiskas metodes. Tik vienkarSotu metodiku var attaisnot
pirma planosanas cikla sakuma dalai. Jau 2011. — 2015. gada,
Latvijas atpaliciba uz pargjo valstu fona (ipasi uz kaiminvalsts
Lietuvas) nebiis noslépjama.

Tapéc Latvijas regionala HM izveidoSana ir savlaicigs
pasakums, kas nodroSinas hidrogeologisko datu apstradi ar
moderniem informacijas tehnologijas lidzekliem.

I1l. MODELA APRAKSTS

Latvijas hidrogeologiskais modelis, tapat ka REMO [7], tiks
veidots tikai aktivas tidens apmainas zonai (to no apaksas
norobezo vidusdevona Narvas sprostslanis), kuru Latvija
izmanto tdensapgadei. Modelis realizgs 25 geologiskos slanus
(skat. 2. att.), no tiem 13 biis Gdens horizonti, kurus atdala
sprostslani. Modeli icklauts ari P&rnavas tdens horizonts
D2pr, kuru var izmantot dzerama tdens iegi$anai Vidzemes
ziemelu dala. Modelgjamam apgabalam raksturiga loti
sarezgita geologiska uzbiive; nenoteiktiba par geologisko
slanu (Ipasi sprostslanu) filtracijas Ipasibam; nenoteiktiba par
pjezometriskajiem Iimeniem dazados Gdens horizontos (nevar

izmantot vecos merjumus, jo kops 1992. gada Latvija
daudzkart samazinajies Gdens paterins), geologiskie urbumi,
kuri ir batiski modela geometrijas (slanu virsmu augstumu)
ieglisanai, ir nevienmeérigi izklied&ti telpa, to dzilums ir
atskirigs. Bez tam iesp&jamas urbumu datu kludas, kuras
jaatklaj un jalabo.

Modela Nosaukums Geolo- | Modela
plaknes giskais | plaknes
Nr.p.k. kods kods
1. Reljefs relh relh
2. Aeracijas zona aer aer
3. Bezspiediena kvartars | Q4-3 Q2
4. Augiéja moréna gQ3 gQ2z
5. Spiediena kvartars vai | Q1-3 Q1
Jura J
6. Apakigja moréna vai gQ1-3 |[gQisz
Triass T
7. Perma P2 D3ktl#
Karbons C1
Skerveles D33k
Ketleru D3kt
8. - Ketleru D3kt D3kilz
9. Zagares D3ig | D3zg#
Svétes D3sv
Térvetes D3tr
Mdaru D3mr
10. Akmenes D3ak D3akz
11. Akmenes D3ak D3krs#
Kursas D3krs
Jonisku D3jn
12. Elejas D3el D3el#z
Amulas D3aml
13. Stipinu D3stp | D3dg#
Katlesu D3kl
Ogres D3og
Daugavas D3dg
14. Daugavas D3dg D3slp#z
Salaspils D3slp
15. Plavinu D3pl D3pl
16. Plavinu D3pl D3am#z
Amatas D3am
17. Amatas D3am | D3am
18. Augisja Gauja D3gj2 | D3gj2z
19. Augisja Gauja D3gj2 | D3gj2
20. Apak3igja Gauja D3gj1 | D3gjlz
21. Apak3éja Gauja D3gj1 | D3gj1
22. Burtnieku D2brt | D2brtz
23. Burtnieku D2brt | D2ar#
Arikula D2ar
Narvas D2nr3
24, Narvas D2nr2 | D2nr#z
Narvas D2nrl
25. [ Pé&rnavas D2prn | D2pr

# -apvienotais udens slanis; #z — apvienotais sprostslanis

- -sprostslanis

2. att. Vertikala shematizacija

Modelis ir datorprogramma, ar kuras palidzibu aprékina
tdens pjezometriskos limenus telpiska rezga mezglos. Viena
rezga plakne atbilst geologiskajam slanim, mezglu skaitu
nosaka plaknes aproksimacijas solis (izmantosim 500m x
500m izm@ra rezga $tinas). Izmantoto plaknu skaits nosaka
modelgjamo slanu daudzumu. Pateicoties modelim, tiek
ieglitas jaunas zinasanas, kuras nevar dot atseviski
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novérojumi.  Modelis  akumulé  zinamo  regionalo
hidrogeologisko un hidrologisko informaciju un var apkopot
datus par piesarnojumu tideni un grunti.

Modeli realizé komerciala programma ,,Groundwater
Vistas” [30]. NepiecieSamas digitalas kartes (slanu virsmas,
filtracijas koeficienti, robeznoteikumi u.c.) tiek gatavotas ar
specializ€tam programmatiram. Programma ,,Groundwater
Vistas” tiek regulari moderniz€ta. ta ietver plasu specializéto
programmu klastu (MODFLOW, MODPATH, MT3D, u.c.),
kuras izmanto Eiropa un pasaulé. Ari Latvija galvenokart
izmanto So programmattiru. Ja modelis darbojas ,,Groundwater
Vistas” videé, tad ta rezultdti ir pieejami publiskai
izmantoSanai, ir nodroSinata savietojamiba ar citu valstu
hidrogeologiskajiem modeliem.

Modela veidoSanai un kalibréSanai izmantosim inovativu
metodiku: zemes virsmas augstumu karte kalpo ka
robeznoteikums; aeracijas zona ir formals sprostslanis;
neizmanto modela realo geometriju modela veidoSanas
sakuma posma u.c. Lai ari $is metodes jau izmantotas
regionalu modelu buvei [7, 16, 17], tomér tas nepiecieSams
uzlabot, jo Latvijas regionalais HM ir arkartigi komplicéts.
Kopsavilkums par modela TstenoSanai izmantotajam metodém
dots raksta [35].

Modelis ietver ta akttvo un pasivo dalu (3. att.). Aktiva dala
ir Latvijas sauszemes teritorija un Rigas jiiras lica dienvidu
dalas, kura bija ieklauta modeli REMO. Aktivo dalu apjoz
4km plata buferzona. Pasivaja modela dala ietilpst Latvijas
kaiminvalstu teritorijas. Ja bilis nepiecieS$amiba Tistenot
starprobezu projektus, tad attiecigas kaiminvalsts modela dalu
varés  aktivizét, izmantojot §Ts valsts  sagatavotos
hidrogeologiskos datus.
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3. att. Modela aktiva un pasiva dalas

IV. DIGITALA RELJEFA KARTE

Viens no svarigakajiem darbiem ir Latvijas digitala reljefa
kartes izveidoSana (m&rogs 1:200000) modelesanas nolukiem.
Neviena no eksist§josam Latvijas reljefa digitalajam kart€m
nav apmierinoSi iestradats hidrografiskais tikls (upes, ezeri,
jura). Tapéc papildus janosaka upju un to pieteku garenprofili,
ezeru ltmeni un to krastu lniju konttri u.c. Ar specializ&to
programmatiru lidzekliem [31, 32] reljefa karte jarealize

salagots hidrografiskais tikls, jalabo eksistgjosas reljefa kartes
iesp&jamas kltdas.

Latvija ir 12000 upes un 5175 ezeri. HM ieklautas 165
nozimigakas upes un 65 ezeri, kuri veido ta hidrografisko
tiklu. Izstradata un Tstenota originala metodika upju
garenprofilu iegi$anai no Latvijas geotelpiskas informacijas
agentaras (LGIA) sagatavotajiem geografisko un reljefa karsu
datiem [36, 37]. Veikta LGIA zemes virsmas augstumu datu
izlaboSana kartes variantam, kura augstumi doti izoliniju un
punktu forma. Korigetaja karté iestradati HM izmantota
hidrografiska tikla elementi (4. att.).

Digitalajai reljefa kartei un hidrografiskajam tiklam ir
iz8kiroSa loma sekmigai HM istenoSanai.

V.MODELA ISTENOSANAS ETAPI UN METODIKA

Latvijas regionala HM izveidoSana tick realizStas $adas
galvenas darbibas:

* modela buvei
izveido$ana;

» sakuma datu kopuma izmantoSana modela buvei
vajadziga digitalo karSu komplekta radiSanai;

* hidrogeologiska modela izveide un ta kalibrésana;

* inovativas metodologijas izmantoSana modela izveidei
un kalibrésanai.

nepiecieSamo sakuma datu kopuma

A. Sakuma datu kopuma izveidosana

Modela sakuma datu kopumu veido $adi dati:

» geologisko urbumu informacija par slanu stratigrafiju, to
filtracijas ipasibam, slanu pjezometriskajiem ITmeniem
urbuma izveidoSanas laika;

» Valsts geologijas fonda arhiva materiali: parskati, kartes,
gramatas;

* dati par Latvijas tdensgitvju un mineralu ieguves
karjeru tidens patérinu;

* ddensgttvju (1pasi lielo) urbumu izvietojums un raziba;

» informacija, kuru sniedz monitoringa urbumi pazemes
iidens pjezometrisko ITmenu regularai merisanai;

» geografiskas kartes papira un digitalaja formas, kuras

dod informaciju par zemes virsmas reljefu un
hidrografisko tiklu.
Visticamako informaciju dod geografiskas Kartes.

Geologisko urbumu informacija saistita ar lielu nenoteiktibu,
jo urbumu izvietojums ir neregulars, to dzilumi atSkiras, dati
nav verificgti un satur butiskas klidas (nepareiza piesaiste
zemes virsmai, kliidainas plaknes koordinates, nav uzraditi
visi geologiskie slani u.c.).

Mingtas kludas var atklat un dazreiz noverst tikai HM
veido§anas procesa. Urbumu informacijas nepilnibas var dalgji
noverst izpétot geologisko datu arhivu materialus, kuros
specialisti sniegusi hidrogeologiskas situacijas analizi. Tacu
arT arhiva materiali ne vienmer ir kvalitativi. Informacija par
geologisko slanu filtracijas fpasibam ir loti nepilniga pat Gdens
horizontiem. Sprostslanu filtracijas 1pasibas praktiski nav
meritas un tas ir jaatrod modeli kalibrgjot.

Latvijas teritorija geologiskajai videi ir loti sarezgita uzbtive
(geologiskie slani nav nepartraukti, to geologiskas robezas ir
komplicétas, plasas robezas mainas slanu biezums). Ne
vienm@r, pat regionala meroga, informacija par slanu
geologisko robezu novietojumu ir preciza.
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4. att. Digitala reljefa izometriskais attéls ar iestradatu hidrografisko tiklu

B. digitalo karsu komplekta radisana

Korigétais modela sakuma datu kopums sastav no
punktveida un Imiju tipa informacijas nes€jiem. Ar datu
interpolacijas programmatiru palidzibu [31, 32] no Siem
datiem jaieglist digitalas kartes, kuras nepiecieSamas
model&Sanas programmas darbam:

e geologisko slanu virsmu kartes;

e geologisko slanu filtracijas koeficientu kartes;

e pjezometrisko Itmenu kartes pirma veida
robeznoteikumiem;
e ddensgutvju debitu sadalijjumu karte, ka otra veida

robeznoteikums;
e kartes modela kalibrésanas mérkiem.
Vislielaka darbietilpiba ir geologisko slanu virsmu
sagatavoSanai. Seit RTU lieto GDI programmu [32], kura
galvenokart izmanto ITnijas tipa datu avotus.

C. Hidrogeologiskda modela izveide un ta kalibréesana
Pé&c tam, kad modelgjosaja sisttma [30] ir ievaditas visas
vajadzigas digitalas kartes, modelis sak funkcion&t. Ar
kalibréSanas procediiram ir japanak modela rezultatu atbilstiba
Sadiem kritérijiem:
e pjezometriskie limeni modela telpiska rezga mezglos
atbilst [imeniem monitoringa urbumos;
infiltracijas pliismas sadalijums atbilst daba noverotajam;
pazemes udenu pieteces hidrografiskaja tikla atbilst
model&tajam pietecem;
e rezultati nav pretruna ar jau akcepttajiem uzskatiem par
Latvijas hidrogeologisko vidi.
Parasti modela kalibréSanai ir iterativs raksturs, jo biezi
kalibréSanas procesa tiek atklatas kliidas sakuma datu kopuma,
kuras ietekmé& kadu no modela datu digitalajam kartem.

10

D. Inovativas metodologijas izmantoSana modeja biivei un
kalibresanai

Metodologijai raksturigi §adi galvenie inovativi elementi:

o infiltracijas plismu sadalfjumu modela aeracijas zona
automatiski atrod pats modelis; tas izskaidrojams ar to,
ka ka robeznoteikums modela pirmaja plakne tiek
izmantota zemes virsmas augstumu Kkarte ar taja
iestradato hidrografisko tiklu;

e nav obligata geologisko slanu digitalo virsmas karSu
iegiiSana modela buives uzsaksanai.

Ar specialu filtracijas karSu korekciju tiek nemts vera, ka
geologisko slanu efektivais biezums var bt mazaks par slanu
geometrisko biezumu dazadu nehomogénu ieslégumu del.

Pateicoties inovativajai metodologijai, jutami vienkar$ojas
modela izveidoSanas process un kalibréSana. Arl iegiitajiem
rezultatiem ir butiski mazaka nenoteiktiba, neka variantiem,
kuros izmantotas tradicionalas metodikas. Istenotais HM bis
publiski pieejams ka LVGMC uzturétas Latvijas vienotas
vides informacijas sisteémas dala.

VI. MODELA IZMANTOSANA

Izveidoto Latvijas regionalo hidrogeologisko modeli
izmantos pazemes tidens resursu apsaimniekosanai un vides
atveselosanas pasakumu novertéSanai. Modelis Latvijas
vienotaja vides informacijas sisttma veidos pamatu iedalai par
pazemes tdenu resursiem. Modelis dos datus lokalu modelu
veidoSanai, kurus izmanto @idensgltvju pielaujamas razibas
noteikSanai, salo tidenu intriziju model&Sanai gan no jiiras gan
ar1 no dzilakajiem horizontiem caur tektonisko lizumu zonam,
kimiskas aizsargjoslas kontira un laukuma aprekiniem,
piesarnoSanas riska noteikSanai, mineralu ieguves karjeru,
dzilu bavbedru un citu objektu ietekmes uz vidi novértésanai.
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ATl piesarnojuma apjoma, to kustibas dinamikas un sanacijas

pasakumu

planosanai Sobrid obligati izmanto

hidrogeologiskos modelus. Regionala rakstura modela dati
tiek tie$i izmantoti Gidens plismu balansa novertgjumam, Tpasi
robezzonas ar kaiminvalstim un Baltijas jiiru.

ST raksta sagatavosanai izmantoti materiali, kuri raksturo
Eiropas Regionala Attistibas fonda lidzfinanséta projekta
.Hidrogeologiska modela izveido$ana Latvijas pazemes tdens

krajumu

apsaimniekoSanai un  vides atveseloSanai”

(Nr. 2010/0220/2DP/2.1.1.1.0/10APIA/VIAA/011- vienosanas
numurs) istenosanas lietderibu un Ipatnibas.

(1]
[2]

(3]

(4]
[5]

(6]

[71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

LITERATURAS SARAKSTS

Eiropas Padomes direktiva 98/83EK (1998. gada 3. novembris) par
dzerama tdens kvalitati

Eiropas Parlamenta un Padomes Direktiva 2000/60/EK (2000. gada 23.
oktobris) ar ko izveido sistému Kopienas ricibai tidens resursu politikas
joma (Udens struktiirdirektiva)

Eiropas Parlamenta un Padomes Direktiva 20060/118/EK (2006. gada
12. decembris) par gruntsiidenu aizsardzibu pret piesarpojumu un
pasliktinasanos

Latvijas Gidens apsaimnieko$anas likums (speka esoss no 16.10.2002.)
Ministru kabineta noteikumi Nr. 42 (2009.01.13.). Noteikumi par
pazemes tdens resursu apzinasanas kartibu un kvalitates kritérijiem
Ministru kabineta noteikumi Nr. 448 (2009.01.07.). Par valsts agentiras
»Latvijas Vides ,Geologijas un meteorologijas agenttra” un ,Bistamo
atkritumu parvaldibas valsts agentiira” likvidaciju un valsts sabiedribas
ar ierobezotu atbildibu ,,Latvijas Vides, geologijas un meteorologijas
centrs” dibinasanu

Spalvins, A., Janbickis, R., glangens, J., Gosk, E., Lace, I., AtruskieviCs,
J., Viksne, Z., Levina, N., Tolstovs, J. (1996). Hidrogeologiskais
modelis ,Liela Riga”. KarSu atlants. SkaitloSanas tehnika un
robezproblémas. 37. laidiens. RTU, VGD, GEUS, Riga-Kopenhagena,
102 Ipp.

Latvijas Vides, geologijas un meteorologijas agentiira, (2005). Upju
baseinu apgabalu raksturojums, antropogéno slodzu uz pazemes un
virszemes Gdeniem vertéjums, ekonomiska analize. Latvijas Republikas
Vides ministrija, 155 Ipp.

Levins, L., Levina, N., Gavena, L, (1998). Latvijas pazemes tdenu
resursi. Valsts geologijas dienests, Riga, 24 Ipp.

Semjonovs, 1. (1995). PiesarnoSanas un pasattirisanas procesi pazemes
tdenos Latvija. Zinatne, Riga, 121 Ipp.

Délina, A., Prols, J. (1998). Latvijas pazemes fidenu aizsargatibas karte.
Karte un paskaidrojuma raksts. SIA Geo Consultants, Riga, 34 Ipp.
Levins, L (1999). Nacionala planojuma sadalas ,,Pazemes tidenu bilance
un kvalitate” II etaps (Latvijas dzeramo pazemes tdenu karte. Pazemes
udenu aizsargatibas karte). Valsts geologijas dienests, Riga, 30 Ipp., 2
kartes

Spalvins, A., Gosk, E., Grikevich, E., Tolstov, J. (Editors). (1996).
Modelling new well fields for providing Riga with drinking water. -
Riga-Copenhagen, 1996. - 40 p. (Boundary Field Problems and
Computers; 38-th issue).

Spalvins, A., Slangens, J., Janbickis, R., Lace, I. (2008).
Hydrogeological model of the Baltezers, Rembergi and Zakumuiza
water supply complex, Latvia / International Interdisciplinary
Conference on Predictions for Hydrology, Ecology and Water Resources
Management: Using Data and Models to Benefit Society"
HydroPredict'2008,15-18 September 2008, Prague, Czech Republic, 9
Pages CD

Spalvins, A., Slangens, J., Lace, 1., Krauklis, K. (2009) Hydrogeological
model of water supply system for the prospective factory of Coca-Cola
company, Latvia // Scientific Journal of Riga Technical University in
series "Computer Science". Boundary Field Problems and Computer
Simulation, vol. 5, 41. (51) —thissue. Riga: RTU, 2009, pp. 21-28.
(ISSN 1407-7493)

Spalvins, A., Slangens, J., Lace, l., Stuopis, A., Domasevicius, A.
(2009). Creating of regional hydrogeological model for south-east of
Lithuania // Scientific Proc. of Riga Technical University in series
"Computer Science". Boundary Field Problems and Computer

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Simulation, vol. 5, 41. (51) —th issue. Riga: RTU, 2009, pp. 13-20.
(ISSN 1407-7493)

Spalvins, A., Slangens, J., Janbickis, R., Lace, I., Loukiantchikova, L.,
Gosk, E., (2001). The Noginsk District (Russia) Case as an Illustration
of Novel Simulation Technologies Developed for Creating
Hydrogeological Models / / Proceedings of the 10th International
Conference on System-Modelling-Control, Zakopane, Poland, May 21-
25, 2001. - Lodz, 2001. - Vol.2. - P.225-230

Spalvins Aivars, Janis Slangens, Romans Janbickis and Inta Lace.
(2005). Preventing Seawater Intrusion into a Well Field of Liepaja /
Proceedings of the 6th International Conference on Environmental
Engineering, Edited by D.Cygas, K.D. Froehner. - May 26-27, 2005,
Vilnius, Lithuania Vilnius: Vilnius Gediminas Technical University,
2005, vol.1 - p.478-483, ISBN 9986-05-850

Spalvins, A. (1998). Mass Transport Modelling in Groundwater Studies.
Achievements of Latvian Scientists / F.Fonnum, B.Paukstys, B.A.Zeeb
and K.J.Reimer(eds.), Environmental Contamination and Remediation
Practices at Former and Present Military Bases.- NATO Science Series
2: Environmental Security - Vol.48, - Kluwer Academic Publishers,
Printed in the Netherlands, 1998 - P.123-142, ISBN 0-7923-5247-5 HB;
ISBN 0-7923-5248-3 PH

Spalvins, A., Slangens, J., Janbickis, R., Lace, I, Marcionis, A. and
Stuopis, A. (2000), Modelling of Groundwater Flow Dynamics and
Contamination Transport Processes at the Vilnius Oil Storage area /
Proceedings of the TraM'2000 Conference on "Tracers and Modelling in
Hydrogeology". - 23-26 May 2000, Liege, Belgium, - IAHS Publ. no
262, 2000, p.97-102

Aivars Spalvins, lvans Semjonovs, Edmund Gosk, Janis Gobins and
Olgerts Aleksans. (1999). Development of a Mathematical Model for
Contamination Migration in the Area of the Sulphur-Tar Sludge Waste
Pools in Incukalns, Latvia / Proceedings of XXIX International
Association of Hydrogeologists Congress on "Hydrogeology and Land
Use Management”. - 6-10 September 1999, Bratislava, Slovak
Republic, 1999 - p.253-258

Aivars Spalvins, Janis Slangens, Romans Janbickis, Inta Lace, (2008).
Insufficient initial data as a cause for building untrue model of TCE —
contaminated Bernau place, Germany / 7th International Conference
Environmental Engineering, May 22-23, 2008, Vilnius, Lithuania,
Vilnius Gediminas Technical University Press "Tehnika", vol (2), p.335-
341,

Spalvins, A., Slangens, J. & Lace, I. (2009). Modelling of remedy
process for the hazardous liquid waste deposit area at the Jelgava town,
Latvia / Proceedings of HydroEco 2009 2™ international
Multidisciplinary Conference on Hydrology and Ecologie20-23 April
2009 Wienna Austria 10 pages CD

Spalvins, A., Slangens, J., Lace, I. (2008). Modelling of groundwater
regime changes that may be caused by building of transportation tunnel
in Riga, / Scientific Proc. of Riga Technical University in series
"Computer Science”. Boundary Field Problems and Computer
Simulation, vol. 5, 37. (50) —th issue. Riga: RTU, 2008, pp. 7-17. (ISSN
1407-7493)

Motz, L. H., Gan, A. (2002). Calibration of the north-central Florida
steady — state groundwater flow model / ModelCARE 2002, Proceedings
of the 4th International Conference on Calibration and reliability in
groundwater modelling, Praque, Czech Republic, 17-20 June 2002, vol.
1, p. 253-256

Farrell, R., Whiteman, M., Gijsbers, P. (2007). Credibility in
groundwater modelling; a national groundwater modelling system for
England & Wales, / Model CARE2007, Sixth International Conference
on Calibration and Reliability in Groundwater Modelling; Credibility in
Modelling, 9-13 September 2007, Pre-published Proceedings, Vol. 1,
Copenhagen, Denmark, p. 166-171

Snepvangers, J., Minnema, B., Berendrecht, W., Vermeulen, P.,
Lourens, A., Van Der Linden, W., Duijn, M., Van Bakel, J.,
Zaadnordijk, W.-J., Boerefijn, M., Meeuwissen, M., Lagendijk, (2007).
V. MIPWA: Water managers develop their own high resolution
groundwater model tools. / ModelCARE2007, Sixth International
Conference on Calibration and Reliability in Groundwater Modelling;
Credibility in Modelling, 9-13 September 2007, Pre-published
Proceedings, Vol. 1, Copenhagen, Denmark, p. 178-183
Muller-Wohlfeil, D.-1., Mielby, S., (2007). Modelling to support the
assessment of interlinkages between groundwater and surface water in
the context of the EU Water framework directive / Model CARE2007,
Sixth International Conference on Calibration and Reliability in

11



Scientific Journal of Riga Technical University
Computer Science. Boundary Field Problems and Computer Simulation

2011
Volume 49

Groundwater Modelling; Credibility in Modelling, 9-13 September
2007, Pre-published Proceedings, Vol. 1, Copenhagen, Denmark,
p. 211-217

[29] Sykes, E.A., Sykes, J.F., Sudicky, E.A., Frape, S.K., (2007). Modelling
in support of a proposed Deep Geologic Repository in Canada for low
and intermediate level radioactive waste / ModelCARE2007, Sixth
International Conference on Calibration and Reliability in Groundwater
Modelling; Credibility in Modelling, 9-13 September 2007, Pre-
published Proceedings, VVol. 2, Copenhagen, Denmark, p. 644-649

[30] Groundwater Vistas. Version 5, (2007). Guide to using. Environmental
Simulations, Inc.

[31] Surfer-9 for Windows, (2009). Users Manual. Golden Software Inc.

[32] Spalvins, A., Slangens, J. (2007). Reliable data interpolation method for
a hydrogeological model conductivity matrix / Sixth International
Conference on "Calibration and Reliability in Groundwater Modeling.
Credibility in Modelling." Vol.2, 9-13 September 2007, Copenhagen,
Denmark, pages 137-142

[33] Spalvins, A., Slangens, J., Krauklis, K., (2007). Updating of geological
data interpolation programs / Scientific Proceedings of Riga Technical
University in series "Computer Science", Boundary Field Problems and
Computer Simulation, 49th issue (ISBN 1407 - 7493).vol.33, - Riga,
2007, P.118-129

[34] Spalvins, A., Slangens, J., Janbickis, R. and Lace, I. (2004).
Interpolation for Creating Hydrogeological Models / Technological
Choices for Sustainability , Subhas K. Sikdar, Peter Glavic, Ravi Jain
(Editors). Spriger-Verlag Berlin Heidelberg New York, 2004 - p.387-
394. (ISBN 3-540-21131-4)

[35] Spalvins, A., Slangens,J., Krauklis, K., Lace, I. (2011) Methods and
tools to be applied for creating of regional hydrogeological model of
Latvia In:25" European Conference on Modelling and Simulation, June
7-10, 2011, Krakow, Poland, p. 132-141, (ISBN: 978-0-9564944-2-9)

[36] Slangens, J., Krauklis, K., Eglite, I. (2010). Incorporation of the
Hydrographical Network into the Digital Map of the Ground Relief //
Scientific Journal of Riga Technical University in series "Computer
Science". Boundary Field Problems and Computer Simulation , vol. 5,
45. (52) —th issue. Riga: RTU, 2010, p. 45-53 (ISSN 1407-7493)

[37] Slangens, J., Krauklis, K., Eglite, I., Skibelis, V., Macans, A. (2010).
Matching of the ESRI Shapefile Format with the GDI Software //
Scientific Journal of Riga Technical University in series “Computer
Science". Boundary Field Problems and Computer Simulation , vol. 5,
45, (52) —th issue. Riga: RTU, 2010, p. 54-60 (ISSN 1407-7493)

Aivars Spalvins was born in 1940, Latvia. In 1963, he
graduated the Riga Polytechnic institute (since 1990, the
Riga Technical university) as computer science engineer.
In 1967, A. Spalvins received degree of science
candidate.

A. Spalvins has been with the university since 1958 (as a
student) until now. His present scientific interests are
computer modeling of groundwater flows and migration
of contaminants. He is author of about 300 scientific
papers. His present position is the Director of Environment Modelling centre
of the Riga Technical University.

He is a member of the International Association of Hydrogeologists.

Address: 1/4 Meza str., Riga, LVV-1007, Latvia

RTU Environment Modelling Centre

Phone: +371 67089511

E-mail: emc@cs.rtu.lv

Uldis Nulle, graduated in 1997 from the University of Latvia, as Master of
geological sciences. During the studies and until now, he has dealt with
geology, hydrogeology, mineral resources and subsoil processes. From 1991,
various field work, laboratory and analytical research were issued, together
with specialists from the University of Latvia, its Department of Geology and
Geological Institute.

U. Nulle was with the former State Geological Survey of Latvia from 1997, as
the Core Storage and Geological Fund manager. In 2004, he completed his
work in the Survey as its Deputy Director. During this time, his main activity
was preparation of geological and hydrogeological information for national,
EU, and private needs. From 1998, an indispensable part of this preparation
was advanced technological solutions (i.e. GIS, Modelling). U. Nulle
participated in development of various information systems, in composing
planning documents and in monitoring of their approbation and
implementation processes. During 2002-2005, U. Nulle was taking active part
in implementation principles of the EU Water Framework Directives in
Latvia. At the present, he is Geologist of the Latvian Environment, Geology
and Meteorology Centre.

Address: Maskavas Street 165, Riga, LV-1019, Latvia

"Latvian Environment, Geology and Meteorology Centre"

Phone: +371 26425308

E-mail: Uldis.Nulle@Ivgmc.lv

A. Spalvins, U. Nulle. Hydrogeological model for management and recovery of groundwater resources of Latvia

The countries of the world and of the European Union are developing hydrogeological models (HM) where, by means of computer modeling, the information
necessary for the groundwater management is obtained. In 1996, the Riga Technical University (RTU), upon assignment of the former Latvian Geological
Service, established regional HM REMO for the central part of Latvia. This project was the first attempt to create a computer based tool for management of
groundwater resources for the most urbanized part of Latvia. REMO does not match demands of modern management, as the model includes only a part of
Latvia and its plane approximation step 4000 meters is too large. In 2010, RTU started the project of HM that covers the 475kmx300km area which includes the
whole territory of Latvia and border areas of neighboring countries. The project is co financed by the European Fund of Regional Development. HM account for
25 geological layers and its plane approximation step is 500 meters. HM will be established, during 2010-2012, as the element of the Latvian Shared
Environmental Information System. It is supported by the Latvian Environment, Geology and Meteorology Centre (LEGMC). HM comprises geological and
hydrogeological information provided by the centre.

For the current HM version, only Latvia and the Gulf of Riga constitute the HM active area, as for the present, no cross border modeling projects exist.
However, HM is open for such projects, if a neighboring country provides data for activating the HM area of interest.

To ensure compatibility with models of other countries, the commercial program Groundwater Vistas (GV) is used for running HM. This program is being
regularly updated. It contains software tools applied for groundwater modelling worldwide.

For the establishment and calibration of HM, innovative methods are used: the map of the ground surface elevations (digital relief) serves as a boundary
condition; the aeration zone is a formal aquitard; the actual geometry of HM may not be used in the initial phase of the model establishment.

One of the most important steps is the creation of the digital relief map of Latvia for proposes of modeling. Unfortunately, the available maps contain errors
that must be eliminated. None of existing digital relief maps incorporates satisfactory the hydrographical network (rivers, lakes, sea). It is necessary to find long
line profiles of rivers, levels of lakes and contours of their shorelines, as elements of the network. By means of specialized software, these network elements are
incorporated into the existing digital relief maps of Latvia where the detected errors have been excluded.

The model data will be used for regional evaluation of the groundwater flow distributions, especially, in areas bordering the neighboring countries and the
Baltic Sea.

HM of Latvia will provide data for establishment of local models that are used for determination of the permissible productivity of groundwater sources, for
modeling contaminant migration and for evaluating effectiveness of measures used for restoration of groundwater resources.

It is expected that, in future, HM of Latvia will be supported and developed in close cooperation between RTU and LEGMC.

This publication was presented at the 3 rd World Congress of Latvian Scientists, Riga, 25 October, 2011

A. Cnansusbu, Y. Hysun. I'naporeosornyeckas mojeb JlarBum 1Jist ynpapJjieHHsl pecypcaMu I0J3eMHOIi BOAbI U MX BOCCTAHOBJICHHEM

Crpansl Mupa u EBpomelickoro corosa cosmarorT ruaporeonormdeckue Mozmenn (I'M), xoTopble myTeM KOMIBIOTEPHOTO MOJEIUPOBAHUS, O0CCIEUUBAIOT
nHdopManyei, HeoOXOAUMON [UIs yIpaBICHHUS PecypcaMu moa3eMHoi Boabl. B 1996. r., Pmwxckuii Texuudeckuil ynusepceuteT (PTY), coBMecTHO ¢ ObIBIICH
reojorndeckoi cmyx60ii JlatBum, co3ganmu peruoHanbHy'o 'M REMO it nentpanbHo# wactH JlaTBHM. DTOT IPOEKT OBUT NEPBOHM MONBITKOH CO3JaHUS
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KOMIIBIOTEPHOH Mopenu Ui Hambosiee ypOaHH3MpOBaHHOH 4acTu cTpaHsl. OgHako REMO He ynoBieTBopsieT coBpeMeHHBIE TPeOOBaHUS: HE OXBAadeHA BCS
Teppuropust JlaTBuwm, mar anmpokcumanuy Ha miockoctd 4000 merpos cnumikoM Bemuk. B 2010. r. PTY npuctynma k cozmanuto I'M, koTopasi HOKpHIBaeT
wiomaas 475kmx300km u BrirowaeT TeppuTopuro JIaTBHM M MOrpaHUYHBIE 00J1ACTH COCEIHUX TOCYAapCTB. DTOT MPOEKT 4aCTHYHO (uHaHCHpyeTcst DoHTOM
Peruonansnoro Pazutust EBporsi.

I'M BrutO4aeT 25 reosoruyeckux ropu30HTOB, AT allpOKCUMALMK Ha I1ockocTd paBeH 500 merpam. I'M Oyner coznana ¢ 2010 r. no 2012 r. KaK 31eMeHT
HH(OPMALOHHON cHCTeMsB! cpepl JlatBuu. DTa cucTeMa IO IepKUBaeTcsl IEHTPOM OKpYKarollel cpessl, reojorud 1 Mereoposorun Jlatsuu (LIOI'MJI). I'M
COIEP>KUT MH(OPMAIIHMIO, KOTOpas MONydeHa OT 9TOoro HeHTpa. s cymecTtByromel Bepcuu I'M ee akTHBHASI 4acTb COAEPIKUT TOJNBKO TeppHTOpHio JlaTBuu u
Puoxckuii 3auB, Tak Kak B HACTOALIEE BpeMsl HET IIPOEKTOB MOJIEIIMPOBAHUS C coceHUMH cTpaHamu. OqHako I'M OTKpbITa JUls TAKUX IPOEKTOB, €CIIM COCEeTHSASA
cTpaHa ofecreunBaeT JaHHbIE IS aKTHBU3ALUU COOTBETCTBYIomel dact I'M. [{ns obGecrmedeHus COBMECTUMOCTH ¢ MOZE/SIMHU APYTHX CTpaH, KOMMepuecKas
nporpamma Groundwater Vistas (GV) ncnosnbs3oBana kak cpefa it pabotst I'M. DTa nporpamMma HOCTOSHHO OGHOBIISIETCS M BKJIFOYAET IIPOrPAMMBI, KOTOPBIE
LIMPOKO NPUMEHSIOTCS A7 MOJEIHUPOBAHHS IIPOLECCOB IOI3EMHON BOJIBI.

Js cosnanus I'M NpuMEHSIOTCSE HOBbIE METOZBI: KapTa HU(POBOro peibeda UCIOoNb3yeTcs Kak MPaHMYHOE YCJIOBHE; 30HA adpallUM CIYKUT (GOpMaIbHBIM
BOJIOYIIOPOM; B HAYAJILHOM JTare co3fanus ['M MOXHO He UCIOJIB30BaTh HACTOSIITYIO TEOMETPHUIO Fe0JIOTUIECKON CPeIbl.

OueHb BaXKHOMW 3ajadveil sBIsIeTCS MOdydeHHe KapThl HU(poBoro peibeda crpansl 1 neneil MoaenupoBanus. CylIecTBYIOLINE KapThl COAEPKAT HEMAIO
ommunbOoK, KOTOpble HEOOXOAUMO HCIIPaBIATh. He ojHa U3 CyIIECTBYIOIUX HU(POBBIX KapT HE YYUTHIBACT YJOBIECTBOPHTEIBHO 3JIEMEHTHI rHApOrpaduIeckoit
cetH (peku, o3epa, Mope). HeoOXoauMo HOMyYNTh TaKHMe XapaKTePUCTHKU CETH, Kak NMPOGMIN PeK, YPOBHH 03ep M KOOPIMHATH MX OeperoBbIX juHHiL. C
MIOMOIIBIO CIICIUANBHEIX MPOrPaMMHBEIX CPEJCTB 3TH 3JIEMEHTHl T'MAPOrpadM4IecKoid CeTH BHEAPSIOTCS B IM(POBBIE KapTHl, U3 KOTOPHIX IPEIBAPUTEIHHO
yZajieHbl 3aMeYEeHHbIE OMINOKH.

Mudopmanus Monenn OyaeT UCIONB30BaHa ISl PETHOHAIBHON OLIEHKU PACIIPEieNIeHHs] IOTOKOB MOA3eMHOM BOJIBI, 0COOEHHO IS HOTPaHUYHBIX 00JIacTel 1
Oeperos banruiickoro mopsi.

I'M JlatBun obecnieduT JaHHbBIE U1 CO3AHUS JIOKAJIbHBIX MOJIENIEH, KOTOPbIE IPUMEHSIOTCS U1 pacueTa PEeKMMOB BOJJ03a00POB, MOAEIUPOBAHMS MU PALIUH
3arpsi3HEHMI 1 OLeHKH 3G (HEKTUBHOCTH Mep 110 CaHALMH ITOJ3EMHBIX BO/I.

Jansueitmee passutre I'M JlatBuu Oyner obecrieuena coBMecTHbIME yerusimu PTY n IJOT'MIL

OroT Marepuan Obu1 nipezcrasiieH Ha |11 Bcemupaom koHrpecce JlaTBuiickux yueHbix, Pura, 26 okrsaops 2011 roga.
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