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Kopsavilkums — Valsts pazemes tudens resursu parvaldibai
tiek veidoti hidrogeologiskie modeli (HM). Rigas Tehniska
universitate ir izstradajusi divus Latvijas HM: REMO (Liela
Riga) laika posma no 1993. Iidz 1996. gadam un LAMO1 (HM
pirma versija) no 2010. idz 2012. gadam. REMO ietvera Latvijas
centralo dalu, ta plaknes reZga aproksimacijas solis bija 4000 m.
LAMOL1 darbojas visa Latvijas teritorija ar plaknes soli 500 m.
LAMOI1 visparina hidrogeologiskos un geologiskos datus, kurus
apkopoja Latvijas Vides geologijas un meteorologijas centrs. Lai
uzlabotu HM rezultatu kvalitati, laika posma no 2012. Iidz
2015. gadam notika LAMO1 papildinasana, kas istenojas tris
secigas versijas: LAMO2 (2013. g.), LAMO3 (2014. g.), LAMO4
(2015. g.). Sobrid vispilnigika LAMO4 versija ir datu kratuve
par geologisko slanu geometriju un filtracijas ipasibam, pazemes
iidens IiTmeniem un plismam, pazemes un virszemes tidens (upju,
ezeru, juras, atmosfeéras nokriSnu) mijiedarbibu. LAMO4 jau
tiek izmantots ka riks dabas procesu pétiSanai Latvijas pazemes
iidens sistema.

Atslegas vardi — Geologiskie griezumi, hidrografiskais tikls,
hidrogeologiskais modelis, pazemes iidens Iimeni, pazemes tidens
pliismu bilance.

1. IEVADS

Pasaules, tostarp Eiropas Savienibas (ES), valstis pazemes
tdens resursu parvaldibai veido hidrogeologiskos modelus
(HM), kuros ar datormodeléSanas Iidzekliem tiek iegtta
planosanai vajadziga informacija. ES valstis (arT Latvija) savu
{idens resursu apsaimnieko3anai vadas no ES galvenas Udens
Direktivas [1], kura nosaka vienotus noteikumus tidens resursu
ilgtspgjigai izmantoSanai.

Rigas Tehniska universitate (RTU) ir izveidojusi divus
Latvijas HM: REMO (Liela Riga) [2] no 1993. lidz 1996. gadam
un HM LAMOI1 no 2010. Iidz 2012. gadam. Laika posma no
2013. Iidz 2015. gadam LAMOI tika batiski papildinats ar
noliku palielinat ta rezultatu ticamibu un kvalitati. Abu HM
autori ir RTU Vides modelgsanas centra (VMC) zinatnieki,
tapec raksta ieklauta izzina par VMC vésturi.

VMC izveidoja 1993. gada uz 1960. gada nodibinatas
ElektromodeléSanas  zinatniski  pé&tnieciskas  problému
laboratorijas (EML) bazes. Sakuma EML aktualus geofizikas
un hidrogeologijas uzdevumus risinaja ar analogajam
elektriskas modelésanas metodém un rikiem. Veélak EML saka
attistit specializeétas analogi cipariskas sistémas un kluva par
vadosu centru bijusaja PSRS pazemes tidens un naftas resursu

izmantoSanas optimizacija [3]. Visam EML izstradném bija ne
tikai teoretisks, bet ar1 praktisks lietojums.

VMC izmanto EML pieredzi hidrogeologisko procesu
modeléSana un Sobrid strada hidroinformatikas tematika, t. i.,
hidrogeologijas un informatikas saskarsmé, izmantojot
skaitlisko datormodel&Sanu.

Laika no 2010. [1dz 2015. gadam ir 1stenots visnozimigakais
projekts EML un VMC 56 gadu ilgaja vésturé — izveidots un
pilnveidots Latvijas hidrogeologiskais modelis (LAMO). Sis
modelis apkopo geologisko un hidrogeologisko informaciju,
kura ir Latvijas Vides, geologijas un meteorologijas centra
(LVGMC) riciba. LAMO digitala forma dod datus par
geologisko slanu geometriju un filtracijas Ipasibam, pazemes
fidens ITmeniem un plismam, pazemes un virszemes tdens
(juras, upju, ezeru, atmosferas nokrisnu) mijiedarbibu. LAMO
veido bazi lokalu modelu izveidosanai un jau tiek izmantots ka
lidzeklis dabas procesu pétiSanai Latvijas pazemes tidens
sisttma. Publikacija apraksta LAMO veidoSanas un attistibas
procesu.

II. LAMO UN REMO SALIDZINASANA

LAMO un REMO izvietojums ir redzams 1. attela. Abi
modeli imité hidrogeologiskos procesus taja pazemes tdens
sisteémas dala, kuru Latvija izmanto dzerama fidens iegfisanai.
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1. att. LAMO un REMO izvietojums.
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LAMO izmérs ir 475 km x 300 km. Sobrid modela aktiva
dala ietver Latvijas sauszemes teritoriju un Rigas jiras lici lidz
Ronu salai. Pagaidam modeli nedarbojas robezteritorijas ar
kaiminvalstim. Sis teritorijas var pievienot (aktivizet), ja
isteno parrobezu projektus un kaiminvalstis nodrosSina
geologiskos un hidrogeologiskos datus robezZteritorijam.

REMO VMC izveidoja 1993.-1996. g. Valsts geologijas
dienesta (VGD)  uzdevuma ar Danijas un Grenlandes
geologijas dienesta atbalstu [2]. REMO izmérs bija
168 km x 156 km. REMO ietvéra Latvijas centralo dalu,
Lietuvas ziemelu pierobezu un ievérojamu Rigas juras lica
dalu. Objektivas gritibas ar vajadzigo datu iegiiSanu REMO
Lietuvas pierobezai bija pamats prasibai, ka kaiminvalstim ir
janodrosina dati pierobezu teritoriju ieklausanai LAMO
aktivaja dala.

REMO un LAMOI (modela pirma versija) galveno
parametru salidzinajumu dod I tabula:

e LAMOL1 telpiska rezga bloku skaits ir 950 (14.25/0.015)
reizes lielaks neka REMO; rezga plaknes solis LAMOL ir
astonas reizes mazaks neka REMO, t.i, LAMOI
nodro$ina biutiski precizaku geologiskas telpas ipasibu
ieveroSsanu modeli;

e LAMO1 darbojas licenzgtas programmatiiras vide, bet
REMO  vajadzibam VMC izstradaja  originalu
programmatiiru. REMO vargja sekmigi lietot tikai VMC
specialisti, bet m&ginajums REMO izmantot VGD nebija
sekmigs tiesi originalas programmatiiras del;

ITABULA
REMO UN LAMO1 GALVENO PARAMETRU SALIDZINAJUMS
Aproksimacija
Rezga | Programmatiira

Modelis | Gads Pl:(i)l;ir;es Slanu | bloku €

’ skaits | skaits,

m x10°

REMO 1996 4000 9 0,015 Originala
LAMOI1 2012 500 25 14,25 Licenzéta

Neskatoties uz REMO nepilntbam, VMC to sekmigi
izmantoja ka bazi daudzu nozimigu hidrogeologisku probléemu
risinasanai Latvijas centralajai dalai [3], [4], [5], [6], [7], [8],
[9], [10]. VMC originalas metodes un 1iki butiski sekmgja
regionala tipa HM veidoSanu Krievija [11] un Lietuva [12].

III. LAMO1 IZVEIDOSANA

LAMOL1 izveidoja (2010.-2012. g.), tstenojot ES Iidzfinansetu
ERAF projektu “Hidrogeologiska modela izveidoSana Latvijas
pazemes T1dens krajumu apsaimniekoSanai un vides
atveseloSanai”.

LAMOL1 tika istenots, ieveérojot VMC iesp&jas un LVGMC
intereses [13], t.i., modelis: apraksta vidgjos ilggadigos
Latvijas hidrogeologiskos apstaklus; izmanto LVGMC riciba
esoSos geologiskos un hidrogeologiskos datus par aktivo
pazemes udens zonu visai Latvijas teritorijai; lieto HM slanu
vertikalo shematizaciju, kura atbilst LVGMC pienemtajai
geologiskajai shémai; ietver galvenos Latvijas hidrografiska
tikla elementus (upes, ezerus, jiru); izmanto rezga plaknes soli
500 metri.

LAMOI1 tika ieklautas 199 lielakas Latvijas upes un
67 ezeri. Nebija izveidoti upju iegrauzumi pamatieZos, un
nebija izmantoti upju pazemes pietecu dati.

Modelt izmantota licenzéta programmatiira Groundwater
Vistas (GV) [14]. GV tiek regulari modernizéta (LAMO
izmanto GV 6. versiju), ta ietver plaSu specializ€to
programmu klastu (MODFLOW [15], MODPATH [16], MT3D
[17]), kuras pazemes udens procesu modeléSanai izmanto
Eiropa un pasaulé.

HM izveidoSanai VMC bija jasagatavo $adas digitalas
datnes: modela slanu virsmu augstumi (z kartes); slanu
filtracijas 1paSibas (k kartes); hidrografiska tikla piesaistes
datne; datne robeznoteikumiem modela virsmai.

Par VMC originalajam metodém un rikiem, kuri tika
izmantoti LAMO1 1stenoSanai, informe raksts [18].

No 2. attéla var spriest, ka Latvijai ir loti komplicéta
geologisko slanu uzbiive, jo tikai dazi slani eksisté visa valsts
teritorija.

4500t mocetm

100000 150000

2. att. Geologiskais griezums.

Sis apstaklis sarezgija z karSu iegisanu [19]. Tikai
izmantojot originalo VMC programmatiiru geologisko datu
interpolacijai [20], izdevas ieglit augstas kvalitates z karSu
kopumu. LAMOI tika izmantotas vienkarSotas k kartes ar
fiksétam geologisko slanu filtracijas koeficientu vértibam.

Ar1 hidrografiska tikla datne tika izveidota, izmantojot
originalu VMC programmataru [21].

o

3. att. Digitala reljefa virsma, kura ieklauti upes un ezeri.
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Robeznoteikumu datn€ modela argjam virsmam vislielaka
ietekme ir modela augsgjas virsmas reljefa kartei, kura ieklauti
ezeri un upes ka zemes virsmas elementi (3. att.).

Sis kartes izveidoSanai izmantoti Latvijas Geotelpiskas
informacijas agenttiras dati.

Jau REMO tika konstatéts, ka, ja So karti lieto ka
robeznoteikumu, tad modelis pats izveido realistisku
infiltracijas plismu. Sis apstaklis batiski uzlabo HM rezultatu
kvalitati un ticamibu [22]. Jau 2013. gada sakuma ar LAMOI1
ieguva datus Igaunijas un Latvijas projekta par Gaujas—Koivas
upju sateces baseinu [23]. Par pirmajiem ar LAMOI1
iegilitajiem rezultatiem informgja raksts [24].

IV. LAMO PILNVEIDOSANA

Jau 2013. gada tika iegiita nako$a pilnveidota LAMO2
versija. Sobrid eksist€ Cetras modela versijas un to galvenie
dati apkopoti II tabula.

IITABULA
LATVIJAS HIDROGEOLOGISKA MODELA LAMO VERSIJAS
Aproksimacijas rezgis Modela upes Ezeri
.. |Rezga .
. Plaknes|Rezga| .~ . Izmantoti
Versija |Gads solis, |plaknu U Qaits|. feleju .| caurteces | Skaits
.| skaits, iegrauzumi .
m | skaits s dati
x10
LAMO1)2012| 500 25 [14,25] 199 Nav Ne 67
LAMO2|2013| 500 27 15,431 199 Ir Ne 67
LAMO3|2014| 500 27 1543 | 469 Ir Ne 127
LAMO4|2015] 250 27 [61,56] 469 Ir Ja 127
Versijai LAMO?2 istenoti divi baitiski uzlabojumi:
e izveidoti upju iegrauzumi pamatiezos (4. att.);
e biezais D2ar geologiskais slanis sadalits @dens

horizontos D2brt un D2ar, kurus atdala sprostslanis
D2arz (5. att.); modela slanu skaits pieauga no 25 uz
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4. att. Gaujas un tas pieteces Vildogas ieleju iegrauzumi: a) LAMOI1 — tikai
Kvartara slant; b) LAMO2 — ari pamatiezos.

Izmantojot LAMO?2 datus, VMC sagatavoja un iesniedza
LVGMC parskatus par visu Cetru Latvijas upju lielbaseinu

(Gaujas, Daugavas, Liclupes, Ventas) pazemes tidensobjektu
kartesanu (6. att.) [25], [26], [27], [28]. Katra parskata bija
ietverti $adi dati:
e rakstiska dala;
e udens limenu sadalfjuma kartes tidens horizontos;
e infiltracijas plismu sadaltfjuma kartes sprostslanos;
e pazemes udens plismu bilances tabulu un grafiska
forma;
e udens limenu sadalfjums vertikalajos griezumos, kuru
shéma skatama 6. attéla;
e pielikums, kur§ bija ieklauts visu upju lielbaseinu
parskatos. Taja bija dota informacija par Latvijas
teritoriju kopuma.

HM Slana nosaukums |[HM slana Laukums, My,
slapa Nr,| * kods tikst. km? n
1 Reljefs relh 71,29 0,02
2 -IAere'lcij aszona  |aer 71,29 0,02
3 Bezspiediena Q2 71,29 5,77
kvartars
4 E===Augseja moréna_[gQ2z 71,29 22,20
5 Spiediena Q1# 7,4 6,13
kvartars

6 Apaksgja moréna [gQl#z 9,7 9,3
7 D3ktl# 5,32 61,46
8 D3ktlz 5,79 10,52
9 D3zgt 743 42,65
10 D3akz 7,95 11,05
11 D3krs# 9,34 22,34
12 D3el#z 9,24 27,58
13 D3dg# 32,14 30,37
14 D3slp#z 35,78 12,67
15 D3pl 43,30 22,76
16 D3am#z 45,14 8,97
17 D3am 46,21 21,91
18 |Upper Gauja D3gj2z 48,80 11,62
19 | |Upper Gauja  [D3gj2 50,92 26,34
20 [Lower Gauja D3gjlz 53,11 13,17
21 |  |Lower Gauja  |D3gjl 56,13 31,55
22 i D2brtz 58,09 15,41
23 D2brt 68,74 45,02
24 D2arz 68,74 15,02
25 D2ar 68,74 40,03
26 D2nr#z 71,29 116,67
27 D2pr 71,29 25,00

* - — sprostslanis

5. att. LAMO?2 vertikala shematizacya.

Myid — vidgjais biezums
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att. Latvijas upju lielbaseini un regionalo geologisko griezumu izvietojums.
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Lai ieglitu vertikalo griezumu attélus (ari pa upju
viduslinijam), VMC izveidoja specialus programmatiiras rikus
[29], [30], kuri nodro$inaja pareizu tdens Iimenu izoliniju
vertikalo orientaciju tidens horizontos (7. att.).

Pilnveidotas HM versijas LAMO3 un LAMOA4 ir izstradatas
ar Valsts Petijumu programmas EVIDEnT atbalstu. VMC Saja
programma Tsteno uzdevumu “pilnveidot laba tidens stavokla
ilgtsp&jigai attistibai nepiecieSsamo Latvijas hidrogeologisko
modeli ar datiem un funkcijam, kas apraksta pazemes tidenu
mijiedarbibu ar hidrografisko tiklu (upes, ezeri)”.

g CUPGDIILAMG GRIERIMMWAE 2014, W DB4W-IE_LAMOZ_OA_S11_201g 84
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7. att. Geologiskais griezums 4W-4E LAMO?2 versija.

Pilnveidojumu biitiba apskatita raksta [31]:

e japalielina hidrografiska tikla blivums, lai precizak
modelétu upju un ezeru mijiedarbibu ar pazemes
fidensobjektiem;

e lai novérstu HM upju un ezeru saskarSanos blivaja
hidrografiskaja tikla, rezga plaknes solis jasamazina no
500 uz 250 metriem;

e upju piesaiste HM javeic, izmantojot datus par upju
caurteces mérjjumiem;

e jauzlabo k kartes pamatiezu fidens horizontiem.

7 e T

RIGAS JURAS
LICIS

LIETUVA

I
L,'-l LAMO apgabals 475km x 300km ) BALTKRIEVIJA

8. att. LAMO2 un LAMO3 hidrografiskie tikli; LAMO?2 — zila krasa; LAMO3
jaunie elementi — sarkana krasa.

Tresa (LAMO3) modela versija tika izveidota 2014. gada,
kad bitiski tika palielinats hidrografiska tikla blivums (8. att.,
2. tab.). Sis apstaklis jiitami ietekm&ja modela rezultatus, Tpasi
pazemes Udens plismu bilances [31],[32]. Parskata par
LAMO3 [33], kuru VMC iesniedza LVGMC, geologisko
griezumu kartes izveidotas ne tikai tUdens ITmenu, bet arl
infiltracijas plismai (9. att.). Udens horizontu Kkartes
vienlaicigi dots Udens Iimenu sadalfjums un robusta
infiltracijas plismu karte (10. att.).

LAMO3 bija starpposms LAMO attistiba, kura p&c upju un
ezeru skaita palielinasanas tika iegiiti precizaki dati par
virszemes un pazemes udens objektu mijiedarbibu un
uzlabotas k kartes pamatiezu tidens horizontiem [33].

-100-44

w00 7

9. att. Geologiskais griezums 4W-4E LAMO3 versija.

Sobrid pedgja LAMO4 versija izveidota 2015. gada péc
rezga plaknes sola samazinasanas no 500 uz 250 metriem un
upju pazemes pieteCu kalibracijas, ieverojot caurteces
mérfjjumus upés [34], [37]. Metodika upju piesaistei LAMO4
ir izklastita raksta [34] un parskata [36]. Upju piesaistes
lagoS$anai izmantoti monografijas [37] materiali par Latvijas
upju pazemes pieteces plismam un no upju caurteces
mérfjjumiem. Dati par Latvijas pazemes tidens plismu bilanci
Cetriem lielbaseiniem, Latvijai kopuma, kvartara un pamatiezu
sistémam ir skatami III tabula [36].

£ cnGoMLAMD_ 3a gt nens_ 291%cn A

A~ pazemes Odens Bisiodzes vota
- place of groundwater discharge
T - pazemes Gdens ranzla vieta
- place of groundwater transit AT B
§" |- pazemes ddens barcsanas viela
« places of groundwater recharge

- upes finfja
- river line

LI TH TR
[mmigads]  [mmiyear]
| | | |

s b e o o o i T 3

10. att. Plismu un @idens Iimenu sadalijums pamatiezu preQ horizonta.
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Tabulas pirma kolonna atbilst atmosféras nokriSnu
daudzuma dalai, kura nonak pazemes tGdeni. Nakosas Cetras
kolonnas rada, ka atmosferas nokrisni “baro” upes, ezerus, ka
tidens pliist caur baseina (valsts) robezu un ka pazemes tideni
izmanto centralizétajai tidens apgadei.

Salidzinot ar LAMO2, LAMO4 versijai ir aptuveni
dubultojusas aprekinatas atmosferas nokrisnu, upju un ezeru
plismas. Pliismas caur robezu praktiski sakrit abam versijam.

Ar LAMO#4 iegiitie plusmu bilancu dati atbilst vidgjiem
ilggadigiem Latvijas apstakliem un batiski korigé monografija
[37] dotos upju pazemes pieteces plismu novertejumus, kuri
tika izmantoti LAMO1 un LAMO?2 versijam.

III TABULA

LAMO4 PAZEMES UDENS PLUSMU BILANCE (TUKST. M / DNN)
LIELBASEINIEM, KVARTARA UN PAMATIEZU SISTEMAI

Apgabala | Guprest | Grivers | Grakes | Goorder | Gwens | Laukums,
nosaukums | pietece | upes | ezeri | robeza | urbumi km?
1. Lielbaseini
Gauja 3691 | —3471 | 86 | 116 —18 13 004,0
Daugava | 6247 | 5171 [ -553 | —432 -91 27 063,6
Lielupe 1100 | —1114 | -30 64 —20 8857,2
Venta 3183 | —2630 | =156 | -371 -26 156299
Latvija [ 14221 [-12386] —825| -855 —155 64 554,7
2. Kvartara sistéma
Gauja 1977 | 1853 | —80 -37 —7 13 004,0
Daugava | 4922 | —4538 [ -369 34 -49 27 063,6
Lielupe 977 -955 | 29 7 0 8857,2
Venta 2062 | 1764 | —126 | —172 0 15 629.,9
Latvija 9938 | 9110 | -604 | —168 -56 64 554,7
3. Pamatiezu sisttma
Gauja 1714 | -1618 | —6 -79 —11 13 004,0
Daugava | 1325 | —633 [-184 | —466 42 27 063,6
Lielupe 123 —-159 -1 57 -20 8857,2
Venta 1121 | —-866 | —-30 [ —199 —26 15 629,9
Latvija 4283 | 3276 | 221 | -687 -99 64 554,7

Versija LAMO1 un LAMO?2 tika izmantotas vienkarSotas
k kartes, bet LAMO3 un LAMO4 lietotas daudz ticamakas
k kartes, kuras izveidotas, izmantojot urbumu atsiikn€Sanas
datus [33], [35], [36], [38].

V. LAMO4 KA RIKS DABAS PROCESU PETISANAI LATVIJAS
PAZEMES UDENS SISTEMA

Regionalie HM Sobrid pasaulé tiek izmantoti ka riks
geokimisko procesu pétiSanai pazemes tdens sistémas. Izcilus
rezultatus sasniegusi LietuvieSu kolégi [39], [40], kuriem
VMC zinatnieki sniedza atbalstu regionala HM izveidoSana
Lietuvas dienvidaustrumu dalai [12]. Sis HM péc savam
Tpasibam un iesp&jam ir tuvs LAMOI1 (izmantota GV sistéma,
rezga plaknes solis 500 m).

Skaitliskie eksperimenti darba [39] bija istenoti HM
MODFLOW vide ar MODPATH sisttmas tdens dalinu
tras€Sanas metodi [16]. Analizgjot Gdens dalinu kustibu, var
iegiit datus par pazemes udens vecumu, izcel$anas vietu,
geologiskajiem slaniem, caur kuriem migréjis pazemes tdens.
So faktu kopums dod iesp&ju izskaidrot geokimiskos procesus
un arT novertet pazemes tidens piesarnosanas riska faktorus.

Disertacija [40] geokimisko procesu pétiSanai izmantota ne
tikai MODPATH, bet ari MT3D sistéma, kura dod datus par

pazemes udeni iz$kiduso vielu koncentracijas mainu laika un
telpa.

VMC 2015. gada ar LAMO4, izmantojot MODPATH, veica
skaitlisku eksperimentu, lai noskaidrotu, no kurienes lecavas
upe sanem pazemes tdeni [41]. lecavas upei Gidens dalinas
tika ievietotas ar upi saistto HM reZga S$unu centros
(1027 dalinas).

Eksperimenta noliiks bija apstiprinat upju sateces apgabalu
principa pareizibu, t. i., “upes pazemes tidens pieteces avots ir
atmosfeéras nokriSni Saja apgabala”. lecavas upe ir tipiska
lidzenuma upe ar vienkarSu piesaisti geologiskajai videi.
Tomér ar MODFLOW iegutais rezultats (11. att.) bija
negaidits §adu iemeslu d&l:

e Udens dalinu xy un xz projekcijas veido Skietami

haotisku ainu;

e daudzu dalinu avoti ka atmosferas nokris$ni atrodas loti
talu (Vidzemes un Latgales augstiene) no Iecavas upes
sateces apgabala;

e o dalinu trajektoriju xz projekciju rakstura var secinat,
ka tas uz lecavas upi parvietojas praktiski visos
Latvijas aktivas pazemes tdens zonas geologiskajos
slanos, kuri eksiste zem upes.

[ — | | .
RS s =
Dfs() 5] &) FBIBIEIFDE Sfioorow =18 || &ftcmmareto: =) Bfvimictntan ] &
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11. att. Traseru (1027) trajektoriju sanskats un virsskats (GV grafika).

Raksta [41] veikta vispusiga $1 skaitliska eksperimenta
rezultatu analize, no kuras seko, ka Iecavas upei sateces
apgabala princips ir apmierino$i izpildits tikai tieSi ar upi
saistitaja kvartara smilSu horizonta Q. Pazemes udens
regionalo plismu darbibas dél $o principu nevar attiecinat uz
dzilakiem tidens horizontiem.

Siem secinajumiem ir talejosas sekas, jo Direktiva [1] par
pazemes fidens objektu planoSanas pamatu izmanto sateces
apgabalu principu, t.i, parskatos [26], [27], [28], [29]
izmantotais sateces apgabalu zong&jums var bt kltdains, ja to
attiecina uz geologiskajiem pamatieziem (D3gj2, D3gjl,
u. tml.), kurus Latvija izmanto centraliz&tajai idens apgadei.

Raksta [42] aprakstits sarezgitaks pétijums, kura noltiks bija
noskaidrot pazemes pieteces raksturu zemienes (Iecava) un
augstienes (Malta) upju sateces apgabalam.
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Latvijas Universitates zinatnieki 2015. gada sekmigi
izmantoja LAMOA4, lai pétitu atmosféras nokrispu stabilo
izotopu migraciju pazemes tdeni [43].

Pagaidam VMC nepéta geokimiskos procesus, bet LAMO4
noteikti tiks izmantots ari $adiem nolikiem. Sajos pé&tijumos
iz8kirosa nozime biis MT3D sist€mas izmantosanai.

Jaatzime, ka negaiditu un principiali svarigu rezultatu par
upju sateces apgabalu bija iesp&jams iegut tikai liela regionala
HM vide (ka LAMO4).

VI. SECINAJUMI

Istenojot VPP EVIDEnT uzdevumu, ir izveidota LAMO4
versija, kurda izmantota precizaka geologiskas telpas
aproksimacija (rezga solis samazinats no 500 uz 250 metriem).
Ticamakas pazemes tidenu un hidrografiska tikla (upes, ezeri)
mijiedarbibas modeléSanai ir izmantoti upju caurteces
mérjjumu dati.

LAMO4 parbaude un korigésana notika 2016. gada, bet
2017. gada VPP EVIDEnT iegiita zinatiba tiks izmantota, lai
LAMO4 varétu izmantot Latvija aktualu hidrogeologisku
problému risinasana.

LITERATURAS SARAKSTS

[1] Eiropas Padomes direktiva 98/83EK (1998. gada 3. novembris) par
dzerama tidens kvalitati. (in Latvian).

[2] A. Spalvins, R. Janbickis, J. Slangens, E. Gosk, I. Lace, J. AtruskievicCs,
Z.Viksne, N.Levina, and J. Tolstovs, “Hidrogeologiskais modelis
,Liela Riga”. KarSu atlants,” SkaitloSanas tehnika un robezproblémas,
issue 37, 102 p., 1996.

[3] A. Spalvins, “ElektromodeléSanas zinatniski p&tnieciskas laboratorijas
vesture (1960-2004),” Computer Science. Boundary Field Problems and
Computer Simulation, vol. 21, issue 46, pp. 191-199, 2004. (in Latvian)

[4] A. Spalvins, E. Gosk, E. Grikevich, and J. Tolstov, Eds., “Modelling
new well fields for providing Riga with drinking water,” Boundary Field
Problems and Computers, issue 38, 40 p. 1996.

[5] A. Spalvins, “Mass Transport Modelling in Groundwater Studies.
Achievements of Latvian Scientists,” in Environmental Contamination
and Remediation Practices at Former and Present Military Bases,
vol. 48 (NATO Science. Series 2: Environmental Security). F. Fonnum,
B. Paukstys, B. A.Zeeb and K.J. Reimer Eds. Netherlands: Kluwer
Academic Publishers, 1998, pp. 123-142.
https://doi.org/10.1007/978-94-011-5304-1_11

[6] A. Spalvins, 1. Semjonovs, E. Gosk, J. Gobins, and O. Aleksans,
“Development of a Mathematical Model for Contamination Migration in
the Area of the Sulphur-Tar Sludge Waste Pools in Incukalns, Latvia,”
in Proceedings of XXIX International Association of Hydrogeologists
Congress on "Hydrogeology and Land Use Management”, 6—
10 September 1999, Bratislava, Slovak Republic, pp. 253-258, 1999.

[7]1 A. Spalvins, J. Slangens, R. Janbickis, and I. Lace, “Hydrogeological
model of the Baltezers, Rembergi and Zakumuiza water supply complex,
Latvia,” in 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, pp. 1-9.

[8] A. Spalvins, J. Slangens, and I. Lace, “Modelling of groundwater regime
changes that may be caused by building of transportation tunnel in
Riga,” Computer Science. Boundary Field Problems and Computer
Simulation, vol. 5, issue 50, pp. 7-17, 2008. ISSN 1407-7493.

[9]1 A. Spalvins, J. Slangens, and I. Lace, “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 Ecologie, 20-23 April 2009, Wienna,

Austria, 10 pages CD.

A. Spalvins, J. Slangens, 1. Lace, and K. Krauklis, “Hydrogeological

model of water supply system for the prospective factory of Coca-Cola

company, Latvia,” Computer Science. Boundary Field Problems and

Computer Simulation, vol. 5, issue 51, pp. 21-28, 2009. ISSN 1407-7493.

[10]

10

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

A. Spalvins, J. Slangens, R. Janbickis, 1. Lace, L. Loukiantchikova, and
E. Gosk, “The Noginsk District (Russia) Case as an Illustration of Novel
Simulation Technologies Developed for Creating Hydrogeological
Models,” in Proceedings of the 10th International Conference on
System-Modelling-Control, Zakopane, Poland, May 21-25, 2001. Lodz,
2001, vol. 2, pp. 225-230.

A. Spalvins, J. Slangens, I. Lace, A. Stuopis, and A. Domasevicius,
“Creating of regional hydrogeological model for south-east of
Lithuania,” Computer Science. Boundary Field Problems and Computer
Simulation, vol. 5, issue 51, pp. 13-20, 2009. ISSN 1407-7493.

A. Spalvins and U. Nulle, “Latvijas hidrogeologiskais modelis pazemes
dzerama tdens krajumu parvaldiSanai un atveseloSanai,” Computer
Science. Boundary Field Problems and Computer Simulation, vol. 5,
issue 53, pp. 7-13,2011.

Environmental Simulations, Inc. Groundwater Vistas. Version 6, Guide
to using, 2011.

W. Harbaugh, “MODFLOW-2005, U.S. Geological Survey Modular
Ground-Water Model: the ground-water flow process,” ch. 16, book 6,
US Geological Survey Techniques and Methods 6-A16, USGS, Reston,
VA.

D. W. Pollok, “User’s Guide for MODPATH/MODPATH-Plot,
Version3. A particle tracking post-processing package for MODFLOW,
the US Geological Survey finite-difference groundwater flow model,”
September 1994.

C. Zheng, “MT3D99 A modular three dimensional transport model for
simulation of advection, dispersion and chemical reactions of
contaminants in groundwater systems,” USEPA report, USEPA,
Washington, DC, 1999.

A. Spalvins, J. Slangens, K. Krauklis, and I. Lace, “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, pp. 132-141. ISBN: 978-0-9564944-2-9.
https://doi.org/10.7148/2011-0135-0141

A. Spalvins, J. Slangens, 1. Lace, K. Krauklis, O. Aleksans, and N.
Levina, “Methods and software tools used to designate geometry for
regional hydrogeological model of Latvia,” Boundary Field Problems
and Computer Simulation, issue 54, pp. 13—19, 2012. ISSN 1407-7493.
A. Spalvins and J. Slangens, “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, pp. 9-13, September 2007,
Copenhagen, Denmark, pp. 137-142, 2007.

K. Krauklis and J. Slangens, “Special software used for implementing
elements of hydrographical network into hydrogeological model of
Latvia,” Boundary Field Problems and Computer Simulation, vol. 53,
pp. 24-28, 2014. ISSN 1407-7493.
https://doi.org/10.7250/bfpcs.2014.004

A. Spalvins, J. Slangens, 1. Lace, and K. Krauklis, “Arrangement of
boundary conditions for hydrogeological model of Latvia,” Boundary
Field Problems and Computer Simulation, issue 54, pp. 20-24, 2012.
ISSN 1407-7493.

Pazemes tdensobjektu karteSana Gaujas/Koivas upju baseinu apgabala.
Parskats iepirkuma ligumam Nr. 62 starp Vides aizsardzibas un
regionalas attistibas ministriju un Rigas Tehnisko universitati, Riga,
Janvaris, 2013, 19 Ipp., 25 kartes. [Online]. Available: www.emc.rtu.lv.
A. Spalvins, J. Slangens, I. Lace, K. Krauklis, V. Skibelis, O. Aleksans,
and N. Levina, “Hydrogeological model of Latvia, first results,”
Boundary Field Problems and Computer Simulation, issue 54, pp. 4-12,
2012. ISSN 1407-7493.

A. Spalving, J. Slangens, 1. Lace, K. Krauklis, and O. Aleksans, “Survey
of the first results provided by hydrogeological model of Latvia,” in 9-th
International Conference Environmental Engineering, 22-23 May,
2014, Vilnius, Lithuania, Selected Papers, Vilnius Gediminas Technical
University Press Technika, 2014, ISBN 978-609-457-690-4 CD, ISSN
2029-7092 online.

Pazemes Tidensobjektu karteSana Gaujas upju baseina apgabala, Rigas
Tehniska universitate, Riga, 2013, 12 Ipp. 49 kartes, 6 tabulas (in
Latvian) [Online]. Available: http://www.emc.rtu.lv/

Pazemes tidensobjektu kartéSana Daugavas upju baseina apgabala, Rigas
Tehniska universitate, Riga, 2013, 12 Ipp. 52 kartes, 7 tabulas (in
Latvian) [Online]. Available: http://www.emc.rtu.lv/.

Pazemes tdensobjektu kart€Sana Lielupe upju baseina apgabala, Rigas
Tehniska universitate, Riga, 2013, 12 lpp. 55 kartes, 7 tabulas (in
Latvian) [Online]. Available: http://www.emc.rtu.lv/.




Boundary Field Problems and Computer Simulation

2016/55
[29] Pazemes tGdensobjektu kartéSana Ventas upju baseina apgabala, Rigas [38] A. Spalvins, J. Slangens, 1. Lace, O. Aleksans and K. Krauklis,
Tehniska universitate, Riga, 2013, 12 Ipp. 57 kartes, 7 tabulas (in “Improvement of hydrogeological models: a case study,” International
Latvian) [Online]. Available: http://www.emc.rtu.lv/. Review on Modelling and Simulations, vol. 8, no. 2, pp. 266-276, April
[30] A. Spalvins, J. Slangens, O. Aleksans, I. Lace, and K. Krauklis, 2015. https://doi.org/10.15866/iremos.v8i2.5868
“Geological profiles as efficient means for expounding results provided [39] R. Mokrik, V. Juodkazis, A. Stuopis, and J. Mazeika, “Isotope
by hydrogeological model of Latvia,” in 14" Geo Conference on Science geochemistry and modelling of the multi-aquifer system in the eastern
and Technologies in Geology, Exploration and Mining (SGEM), part of Lithuania,” Hydrogeology Journal, vol. 22, issue 4, pp. 925-941,
Bulgaria, Albena, 17-26 June, 2014, pp. 401-408. ISBN 978-619-7105- 2014. https://doi.org/10.1007/s10040-014-1120-6
08-7, ISSN 1314-2704. https://doi.org/10.5593/sgem2014B12 [40] A. Stuopis, “Formation and modelling assessment peculiarities of the
[31] A. Spalvins, J. Slangens, 1. Lace, K. Krauklis, and O. Aleksans, quaternary aquifer system groundwater resources in the southeastern
“Efficient Methods Used to Create Hydrogeological Model of Latvia,” part of Lithuania,” Summary of doctoral dissertation, Physical Sciences,
International Rewiew on Modelling and Simulations, vol. 6, no. 5, geology (05 P) Vilnius, 2014, pp. 58.
pp. 1718-1726, October 2013. ISSN 1974-9821. [41] K. Krauklis, A. Spalvins, and J. Slangens, “The Hydrogeological Model
[32] A. Spalvins, J. Slangens, 1. Lace, O. Aleksans, and K. Krauklis, of Latvia LAMO4 as a Tool for Investigating the Processes of Nature.
“Hydrogeological Model of Latvia after increasing density of its Sources of Groundwater Inflow for the lecava River,” Boundary Field
hydrographical network,” Boundary Field Problems and Computer Problems and Computer Simulation, vol. 54, pp. 43-50, 2015.
Simulation, issue 55, pp. 12-24, 2014. ISSN 1407-7493. https://doi.org/10.7250/bfpcs.2015.007
https://doi.org/10.7250/bfpcs.2014.003 [42] K. Krauklis, A. Spalvins, and 1. Eglite, “Latvijas zemienu un augstienu
[33] Latvijas hidrogeologiska modela LAMO pilnveidoana, Parskats upju Ipasibu pétisana ar Latvijas hidrogeologiska modela palidzibu,”
ligumam 2014/15 starp LVGMC un RTU, Riga, 2014. g. novembris, Boundary Field Problems and Computer Simulation, vol. 55, pp. 28-33,
vad. A. Spalvins, teksts 10 lIpp, att€li 14 lpp., tabulas 12. (in Latvian) 2016. https://doi.org/10.7250/bfpcs.2016.0074
[34] A. Spalvins, J. Slangens, 1. Lace, O. Aleksans, K. Krauklis, V. Skibelis, [43] A. Kalvans, A. Babre, K. Popovs, A. Timuhins, and A. Spalvins,
and I. Eglite, “The Novel Updates of the Hydrogeological Model of “Validating the regional hydrogeological models with stable isotope data
Latvia,” Boundary Field Problems and Computer Simulation, vol. 54, in precipitation,” in EGU General Assembly Conference Abstracts,
pp- 23-34, 2015. https://doi.org/10.7250/bfpcs.2015.005 Vienna, Austria, 17-22 April, 2016, pp. 12047.

[35] A. Spalvins, I. Lace, and K. Krauklis, “Improved Methods for Obtaining
Permeability Maps of Aquifers for Hydrogeological Model of Latvia,”
Boundary Field Problems and Computer Simulation, vol. 54, pp. 35-42, Aivars Spalvins$ was born in Latvia. In 1963, he
2015. https://doi.org/10.7250/bfpcs.2015.006 graduated from Riga Polytechnical Institute

[36] Latvijas hidrogeologiska modela LAMO pilnveidoSanas starprezultati, (Riga Technical University since 1990) as a
Parskats ligumam 2014/15 starp LVGMC un RTU, Riga, 2015. g. Computer Engineer. He is Head of the
novembris, vad. A. Spalvins, teksts 30 lpp, pielikumi 53 lIpp., (in Environment Modelling Centre of RTU. His
Latvian). [Online]. Available: research interests include computer modeling of
http://www.emc.rtu.lv/VPP/ATSK_LVGMC 2015 _teksts.pdf groundwater  flows and  migration  of
http://www.emc.rtu.lv/VPP/ATSK_LVGMC 2015 pielikumi.pdf. contaminants.

[37] I Dzilna, “Resources, composition and dynamics of groundwater for the E-mail: aivars.spalvins@rtu.lv
middle part of the Baltic area,” Zindtne, pp. 197, 1970. (in Russian).

Geological Model of Latvia Developed at Riga Technical University (2010-2015)
Aivars Spalvin$
Riga Technical University, Latvia

Hydrogeological models (HM) are developed in order to gain information that is needed for managing the protection and
sustainable consumption of groundwater resources. The researchers of Riga Technical University (RTU) have developed two regional
scales of HM of Latvia: in 1993-1996, REMO (Large Riga) and, in 2010-2012, LAMO1 (the first HM version). REMO covered the
central part of Latvia and its plane approximation step was 4000 meters. LAMOL1 encloses the ground territory of Latvia, the Gulf of
Riga, and border areas with neighbouring countries (Estonia, Lithuania, Russian Federation, Belorussia). The HM plane step is 500
metres. Presently, the neighbouring areas of HM are not active. In the case of a transboundary projects the neighbouring country must
provide hydrogeological data necessary to activate its neighbouring area. LAMO1 generalizes geological and hydrogeological data that
have been accumulated by the Latvian Environment, Geology and Meteorology Centre (LEGMC). LAMO runs into the environment
of licensed software Groundwater Vistas that is being used worldwide for modelling groundwater processes. In 2012-2015, LAMO1
was considerably updated, in order to improve the quality of results provided by HM. The LAMO?2 version (2013) accounted for deep
river valleys cutting the primary strata; the thick Devonian D2ar aquifer was replaced by the two aquifers and the aquitard that
separated them; due to this innovation, the number of the HM planes increased from 25 to 27. In 2014, the LAMO3 version was
obtained by increasing the density of the HM hydrogeological network (number of rivers and lakes, increased, accordingly, from 199 to
469 and from 67 to 127). For the current LAMO4 version, the plane step was reduced from 500 to 250 meters; the groundwater inflow
for rivers was calibrated by accounting for information obtained from measurements of river flows. For LAMO1 and LAMO2, the
permeability of primary aquifers (k-maps) was modelled by using a constant permeability value for an aquifer. In LAMO3 and
LAMOA4, more realistic k-maps were obtained by accounting for pumping data of wells.

Presently, the latest LAMO4 version is being used by LEGMC and RTU specialists as the source of information on the geometry
and permeability of geological strata, on distributions of groundwater heads and flows, on interaction between groundwater and
surface water bodies (sea, lakes, rivers, precipitation). LAMO4 has been used by RTU researchers as a tool for investigating nature
processes of the groundwater system of Latvia. The first results were quite unexpected, because it was found that the river watershed
basin concept could not be used for the deepest strata of the basin.

The research on LAMO3 and LAMOA4 is supported by the Latvian state research program EVIDEnT.

Keywords — hydrogeological model, hydrographical network, groundwater heads, groundwater flow balance, geological section.
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