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DARBA VISPARIGAIS RAKSTUROJUMS

Darba aktualitate

Nekaitigs un kvalitativs dzeramais tidens ir sabiedribas veselibas viens no galvenajiem
priek$noteikumiem. Udens avota izvéle ir atkariga no daudziem faktoriem, tai skaita, no
sagatavoSanai nepiecieSama dzerama tdens daudzuma, pieejamiem iidens resursiem,
avotu veida (virszemes vai pazemes), attiriSanas un transportéSanas izmaksam. Ka rada
prakse, pasaulé biezak izmanto pazemes avotus jo tie tiek uzskatiti par droSakiem

lietoSana.

Pagajusa gadsimta sakuma Rigas pils€ta ar dzeramo tdeni pilniba tika apgadata no
pazemes avotiem kuri atradas Baltezera regiona. Laika gaita Gidens pat€rinam pilséta
piecaugot, saka izmantot arT virszemes tidens ieguves avotus, lai nodroSinatu
nepiecieSamo iidens daudzums. Pagajusa gadsimta devindesmitajos gados pilséta
ieveérojami samazinajas tidens paterins, tapec bija nepiecieSams izvert€t pazemes un

virszemes fidensgiitvju izmanto$anu dzerama tidens sagatavosanai.

Promocijas darba pétiti jautajumi, kuri ir saistiti ar iespéjam palielinat pazemes tidens
izmantoSanas 1patsvaru Rigas pilsétas idensapgade. Promocijas darba galvenie p&tijuma

virzieni bija sekojosi:

- Prognozgjamais tidens paterins (Promocijas darba 1.dala);

- Pazemes tidensgiitves Baltezers attistibas iesp&jas (Promocijas darba 2.dala);

- Udens kvalitate un attirianas iesp&jas (Promocijas darba 3.dala);

- Pieejamo tidens resursu izmantosana (Promocijas darba 4. dala);

- Udens nems§anas iekartu darbibas efektivitates palielinasana (Promocijas darba 5,

6, 7, 8.dalas).

Udensgiitvju attistibas noteikSanai bija janoskaidro, ka izmainisies Gidens patérin$
pilséta nakamos desmit gados. Ieprieksgjie petijumi par tidens patérinu Riga prognozgja
dzerama tidens turpmaku samazinaSanos [1]. Tomér prakse pieradija, ka prognozes dati
atSkiras no realiem datiem. Patérin$ kritas vel straujak neka tas tika prognozeéts. No
otras puses, ir janem vera, ka nakotn€ tidens paterins pilséta var pieaugt, pieslegumu

palielinasanas un tidens apgades sistémas paplaSinasanas rezultata, pievienojot pils€tas



idensapgadei tuvuma eso$ds apdzivotas vietas. Udens patéripa nevienméribas
izlidzinasanai ir iesp&ams wuzkrat idens rezerves idenstornos un apaksSzemes
rezervuaros. PaSreiz pilsétas tidensapgades 20 pazemes rezervuaru kopgjais tilpums ir
90600 m’ un &etru Gdenstornu rezervuaru kopgjais tilpums - 7500 m’. Tadgjadi,
kopgjais uzkrajums ir 98100 m’ vai 31% no diennakts tidens padeves. Salidzindjumam:
uzkrajuma procents Stokholma ir 277, Kopenhagena - 440, Amsterdama - 130,
Antverpeng — 155 % no diennakts fidens patériga. Lai nodroSinatu nepiecieSamos tidens
caurplidumus maksimala patérinu laika, uzkratu tGdens rezerves, kas nepiecieSamas
stiknu staciju profilaktisko darbu veikSanai un siikngu staciju avariju gadijumos, Iidz

2010.gadam ir jarada tidens padeves rezerve 50 - 60% no diennakts fidens patérina.

Pazemes tidensgiitvju izmantoSanas apjomu noteikS$anai ir jaapzinas pieejamie resursi.
Pilséta tidens sadales tikls vesturiski izveidots tads, ka optimalo hidraulisko rezimu tikla
iespejams nodro$inat izmantojot virszemes un pazemes udensgiitves. Daudzas Rigas
pazemes tdensgiitves bija novecojuSas un to tehniskais stavoklis neapmierinoss, lai
nodroSinatu kvalitativu dzeramo tdeni. Tapéc bija nepiecieSams veikt pétijumu, kura

noskaidrotu, kuras no tidensgiitvém ir lietderigi sl€gt un kuru darbibu vajag atjaunot.

Liela dala no Rigas pazemes tidensgiitves ierikotajiem urbumiem tiek izmantoti ilgstosi
un to vidgjais vecums parsniedz 20 gadus. Udens apgadei tiek izmantoti maksligi
papildinatie gruntsiideni, kuru organisko vielu koncentracija tideni ir relativi augsta un
tas veicina urbumu aizs€réSanu (kolmataciju). Dazas Rigas pazemes tdensgitves ir
norisindjusies strauja urbumu aizaugSana, tapéc idensglitves uz Sodienu nevar
nodro$inat nepiecie$amo razibu. Urbumu attiriSanas un regeneracijas darbu izmaksas,
salidzinot ar jaunu urbumu ierikoSanu, ir ieverojami mazakas. Diemzel Sobrid nav
skaidribas par regeneracijas optimalo rezimu un tas efektivitati. Iepriek$¢ja pieredze
rada, ka salsskabe un natrija ditionits var tikt izmantoti ka reagenti kolmatanta
skidinasanai. Tomér, nav metodikas par So reagentu izmantoSanu urbumiem, kas ir

vecaki par 10 gadiem. NepiecieSams izstradat aku regeneracijas metodiku.

Aku kolmatacija rada ievérojumus ekonomiskus zaud&jumus, jo picaug elektoenergijas
patérins tdens parsiknésanai un aku regenerésanas izmaksas. AizséréSanu galvenokart
veicina t€rauda apvalkcaurules ar metalu tinumu, kuras rada labvéligus apstaklus

elektrokimiskiem un fizikaliem procesiem tdeni kas satur augstu dzelzs, kalcija,



mangana, magnija un organisko vielu koncentraciju. Ta rezultata metala dalas korode
un rodas kolmatanta veidojumi filtra un ap to. Akas debits samazinas un tidens kvalitate
pasliktinas, jo akas @ideni palielinas dzelzs, kalcija, magnija un mangana daudzums.
Tapéc ir nepieciesamiba izstradat jaunu urbtas akas konstrukciju ar zemaku aizséréSanas
atrumu, modernizet aku konstrukciju, kas lautu izmantot akas ar augstaku efektivitati.
Baltezera regiona aku razibas aprékiniem paslaik izmantotas formulas dod nepietickami
precizus rezultatus. Tas rada nepiecieSamibu izstradat jaunu formulu, kuru vartu

izmantot aku aprékinos p&tamaja regiona.

Rigas tdensgtitves, lidzigi ka daudzviet Latvija, pazemes tudens ir nekaitigs un
kvalitativs, izp€mums ir dzelzs un mangana koncentracija. Tradicionali izmantotas
atdzelzoSanas metodes ne vienmér ir pietickami efektivas un atdzelzoSanas procesa
rodas daudz nogulsnes. Udens attirisanai no mangana tradicionali pielieto kimiskas
metodes. Pasaulé pédgjos gados aizvien biezak sak pielietot biologisko ( tie$as aeracijas
un filtracijas ) metodi, kuras pamata ir biologiskie un virsmas katalitiskie procesi.
Pasaules pieredze rada, ka ar So metodi var fideni efektivi attirit no dzelzs un mangana
bez kimisko reagentu pielietoSanas un tas procesa rodas mazak nogulsnes. Metodes

pielietosanas potencials Rigas pazemes tidenu attiriSanai nav lidz Sim novertets.

AtdzelzoSanas efektivitate ir atkariga no dzelzs piemaisijumu atrasanas formas.
P&tamaja rajona pazemes udens ir maksligi papildinats no virszemes avota, kas satur
augstu dabisko organisko vielu koncentraciju. Tapéc, pastav varbiitiba, ka iegiitaja
pazemes tdeni dzelzs atrodas citd, pieméram, koloida vai ar humusvielam saistita
forma, nevis izSkiduSa divveértiga jona forma. Ir nepiecieSams veikt pétjjumu, lai

noskaidrotu dzelzs atraSanas formu p&tamaja pazemes tident.

Promocijas darba meérkis un uzdevumi

Promocijas darba mérkis ir izveértét Rigas pils€tas esoSo tidensgiitvju stavokli un

perspektivo pazemes udens ieguves avotu attistibu dzerama udens apgadei lidz

2010.gadam.



Promocijas darba uzdevumi:

- prognozet dzerama tidens pat€rinu Rigas pils€ta pétamaja perioda;

- noteikt pazemes un virszemes uUdens daudzuma Tipatsvaru dzerama didens
sagatavoSanai;

- noteikt dzelzs formas p&tamaja pazemes tident;

- parbaudit tiesas aeracijas un filtracijas metodes pielietoSanas iesp€jas pétama
pazemes tdens attiriSanai no dzelzs un mangana;

- pilnveidot esoSo aku razibas atjaunos$anas tehnologiju;

- izstradat akas konstrukciju, kura ir mazak paklauta kolmatacijai;

- izstradat teorétisku formulu aku Tpatngja debita aprekinasanai p&tamaja rajona;

- salidzinat vakuuma un dzilsiknu aku atsiknESanas sisttmas no

inzenierekonomiska viedokla.

Pétijuma objekta apraksts

Rigas pilsétas tadensapgades sistéma ir sarezgitu inzenierbivju komplekss, jo
tdensapgadei tiek izmantoti gan virszemes, gan pazemes tidens ieguves avoti (1. att€ls).
2001. gada ir pabeigta virszemes iidens sagatavoSanas kompleksa "Daugava"
rekonstrukcija, uzstaditi ozonatori un biologiski aktivas ogles filtri. Sis iekartas
nodroSina dzerama iidens sagatavoSanu atbilstoSi Eiropas Savienibas dzerama tidens
direktivam. [zmantojamie pazemes tidens avoti atrodas Maza Baltezera ( M.Baltezera )
rajond, gar Gaujas labo krastu, Garkalné un Katlakalna. 2002. gada ir pabeigta pazemes
tdensgiitves "Baltezers" rekonstrukcija, ir izurbtas 40 jaunas akas, ka ar1 "Baltezers-11"
un "Rembergos" daléji nomainitas iekartas. Pazemes udensgutvés "Baltezers",
"Baltezers-1", "Baltezers-11", "Zakumuiza" un "Rembergi" tdens ieguvei izmanto
sifonvadu sistému, ka arT dazas akas, aprikotas ar dzilsikniem. Udens siiknu stacija

,,Katlakalns” tidens stikné&Sanai izmanto dzilstiknus.



APZIMEJUMI
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5.0 | saucEa: ddens isguve 05.1997., tikst. m/dnn |

1. att. Eso8as un potencialas pazemes tidensgiitves Rigas tidensapgadei

Pilséta nav atseviskas tidensapgades sist€mas tehniskajam vajadzibam, tomer atseviskos
objektos iidensapgadé eksist€ viet§jas itidens nemsSanas ietaises, kas izmanto gan
virszemes, gan pazemes tudenus. Pils€tas teritorija ir vairak ka 400 spiediidens akas, no
kuram 220 tiek izmantotas viet€jai Gidensapgadei, ka ar1 razoSanas un saimnieciskam

vajadzibam.

Zinatniska novitate

Pilsétas tidensapgades attistiba aptver plasu jautajumu loku, no kuriem dalu var atrisinat
ar inzenierekonomiskam metodém, tomer dalai jautajumu ir nepiecieSama zinatniska
pieeja. Saja promocijas darba sistematiski apkopoti vairak neka desmit gadu pé&tijumi,
kas veikti sadarbiba ar dazadu zinatnes nozaru (biologijas, kimijas, hidrologijas)
zinatniekiem par jautajumiem, kas ir svarigi Rigas tidensapgades attistibai. Katra no
apskatito jautajumu kopam ir atspogulotas vairakas zinatniskas novitates:

- legilitas jaunas zinaSanas par dzelzs atrasanas formam maksligi papildinatos pazemes

tdenos;

- ieteikta konservacijas metodika tidens paraugiem, kuros nosaka dzelzs saturu;



- noskaidrots rezims, pie kura notiks pazemes tidenu ar vidéju dzelzs un mangana
koncentraciju attiriSana lidz dzerama tidens kvalitatei ar tiesas aeracijas un filtracijas
metodi;

- padzilinati izprasti procesi, kas risinas atdzelzoSanas un atmanganizgSanas filtros;

- izstradata jauna aku regeneracijas metodika;

- izstradata jauna formula aku Tpatn&ja debita aprékinasanai Baltezera regiona;

- izstradata jaunas konstrukcijas gruntstidens aka;

- pamatota spiediena sisttmas ar dzilsikni priekSrociba, salidzinot to ar

vakuumsistému.

ZINATNISKA DARBA APROBACIJA

Petijumi veikti laika posma no 2000.-2005.gadam. Par rezultatiem zinots septinas

Starptautiskajas zinatniskajas konferences un vairakos zinatniskajos seminaros.

Referati:

1. IV International conference “Baltic Transit Gateway ’99”. Workshop Research and
development in Modern Transportation Technology. V.Juhna Riga water yield
sources and their development until 2010. 104-107 pages

2. LLU Science for rural development. International Scientific Conference Proceedings.
Jelgava 2001, V.Juhna Results of regeneration of Baltezers bored wells. 215-219
pages.

3. LUA Research for rural development 2002. International Scientific Conference
Proceedings, Jelgava 2002. V.Juhna, Underground water resources development
prospects in Baltezers region. 111-11-115.

4. LUA Research for rural development 2003. International Scientific Conference
Proceedings, Jelgava 2003. V.Juhna Removal of iron and manganese from
groundwater at Baltezers drinking water plant in Riga, Latvia. 114-14-118.

5. Construction ’03 Scientific reports of international conference, Jelgava 2003.
V.Juhna, E.Tilgalis Groundwater wells’ construction in Baltezers. 105-108 pages.

6. International conference ,,ECoBalt 2003, Riga-2003, V.Juhna Problems related to

Riga’s water-supplying., 40-41 pages.
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7. LUA Research for rural development 2004. International Scientific Conference

Proceedings, Jelgava 2004. V.Juhna, Conveyance of water using Vacuum of

Pressured system at Baltezers Waterworks.

Dotaja laika posma publicéti 8 zinatniskie raksti latvieSu, anglu, polu valodas, no

kuriem 6 atbilst visparatzitiem recenz€jamiem zinatniskiem rakstiem.

Publikacijas:

1.

International conference ,,ECoBalt 2003”, Riga-2003, V.Juhna Problems related to
Riga’s water-supplying., 40-41 pages.

Construction ’03 Scientific reports of international conference, Jelgava 2003.
V.Juhna, E.Tilgalis Groundwater wells’ construction in Baltezers. 105-108 pages.
LUA Research for rural development 2003. International Scientific Conference
Proceedings, Jelgava 2003. V.Juhna Removal of iron and manganese from
groundwater at Baltezers drinking water plant in Riga, Latvia. 114-14-118.

LUA Research for rural development 2002. International Scientific Conference
Proceedings, Jelgava 2002. V.Juhna, Underground water resources development
prospects in Baltezers region. 111-11-115.

LLU Science for rural development. International Scientific Conference
Proceedings. Jelgava 2001, V.Juhna Results of regeneration of Baltezers bored
wells. 215-219 pages.

IV International conference “Baltic Transit Gateway ’99”. Workshop Research and
development in Modern Transportation Technology. V.Juhna Riga water yield
sources and their development until 2010. 104-107 pages

LUA Research for rural development 2004. International Scientific Conference
Proceedings, Jelgava 2004. V.Juhna, Conveyance of water using Vacuum of
Pressured system at Baltezers Waterworks.

Regeneracja studni wierconych (Renovation of drilled wells),Problemy Inzynierii

Rolniczej 2(40),Warszawa 2003, 5.53-60, K. Kuczewski ,E. Tilgalis, V. Juhna.
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METODIKA UN MATERIALI
Udens patérina prognoze Rigas pilsétai

Petijums par pilsétas dzerama iidens pat€rina prognozi bija balstits uz ieprieksgjos
petijumos iegiito datu sistematisku analizi un salidzinaSanu ar praksé iegiitiem datiem.
Prognozgjot tdens patérinu, tika nemtas veéra socialas un ekonomiskas attistibas

tendences Riga un tuvuma eso$ajas apdzivotajas vietas.

Pazemes avotu izvele

Lai noveértétu kurus no pazemes tidens ieguves avotiem var izmantot tidens apgade,

veikta esoSo un potencialo avotu stavoklu analize.

Dzelzs formu analize

Lai noteiktu dzelzs atrasanas formas, veikts atsiiknéSanas eksperiments lauka apstaklos
piecas Rigas pazemes avotiem raksturigas akas. Paraugos noteica divvertigas un
trisvertigas dzelzs koncentraciju. Dzelzs atrasanas formu dalinu izméri pazemes tidenos
noteikti ar ultrafiltracijas metodi. Atkariba no molekulara izmera noteiktas tris formas:
suspendéta (>0.45 um), koloida (no 0.45 Iidz 0.01 wm) un izS8kidusa dzelzs forma
(<0.01 pm).

Pazemes tidenu attiriSana no dzelzs un mangana

Pazemes tdenu attiriSana no dzelzs un mangana ar biologisko ( tie$as aeracijas un
filtracijas metodi ) pétita uz lielas razibas eksperimentalas iekartas. Iekarta bija divas
linijas. Pirmaja linija saslédza divus atrfiltrus pilditus ar granti vai antracitu ( tos var&ja
darbinat virkné vai paraléli ). Otraja Iinija saslédza virkné rezervuaru, pilditu ar
plastmasas matricam, un Ienfiltru. Uz iekartas parbaudija spiediena tideni un maksligi

papildinato gruntsiideni idensgiitvé “Baltezers” viena gada garuma.
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EsoSo aku regeneracija

Regeneracija pétita vairakos gruntsidens urbumos Baltezera tdensgutve. Veikti

sekojosi darbi:

- urbumu kolmatacijas slana biezuma noteikSana (t.i. kavernometrija) ar
radiolokacijas metodi;

- urbumu mehaniska tiriana;

- atkartota kavernometrija, lai izvert€tu mehaniskas tirisanas darbu efektivitati;

- urbumu regeneracija, izmantojot salsskabes un natrija ditionita skidumus;

- urbumu atsiiknéSana, lai noteiktu urbumu ipatngja debita izmainas; atsiiknéSanas
sakuma un beigas, nonemti paraugi ar1 iidens kimiska sastava noteikSanai;

- iegutas informacijas apstrade un regeneracijas darbu efektivitates novertéjums.

Regeneracija veikta reagentu iestikngjot caur urbuma speciali aprikotu caurules galvu.
P&c tam bija noslégts aizbidnis un no kompresora padots gaiss, ka rezultata tiek
pazeminats tdens statiskais Iimenis urbuma. Ta ka urbuma tdens vieta ir reagents,
jauna reagenta doza nonak no urbuma iekSpuses aizcaurulu zona. Tatad tiek apstradata
ne tikai urbuma stobra iekS$€jas dalas, bet ar1 telpa, kas atrodas aiz filtra. Péc 10-15
miniitém tiek atverts aizbidnis un izlaizot saspiesto gaisu un reakcijas rezultata radusas
gazes, tiek atjaunots fidens statiskais ITmenis urbuma. Sada veida ik pgc 10-15 minGtém
tiek Stipots reagents urbuma un aizvien jaunas reagenta dozas nonak aizfiltra zona. Péc
iepriek$gjas procediiras veikSanas, reagents tiek atstats urbuma (salsskabes 10-15

stundas, bet natrija ditionita 6-7 stundas).

REZULTATI UN TO ANALIZE

Udens patérina prognozes

No 1904.gada lidz 1967.gadam pazemes tdeni, kas ieguti Baltezera regiona, bija
vienigais fidens apgades avots Rigas pilsétai. To Ipatsvars pils€tas iidens apgadé saka
samazinaties kops 1967. gada un, it 1pasi, kops 1978.gada, kad uzsaka tidens apgadei
izmantot Daugavas upes tidenus, lai gan kopgjais fidens paterin$ pilséta min&taja laika

katru gadu palielinajas.

13



Kops 1996.gada Riga kopgjais tidens paterins ir pastavigi samazinajies un samazinas
vel straujak neka bija prognozets 1995. gada. Saskana ar prognozém [2] 2000. gada,
diends ar vidgjo @idens patérinu, no udensgiitvém pilsétai bija japiegada 236 tikst.m’
dnn™' dzeramais @idens. Faktiskais vidgjais nepiecie$amais @idens daudzums Rigai 2000.
gada bija tikai 200 tikst.m® dnn™', tas ir par 18% mazak ka prognozéts. 1996. gada
tidens patérins bija 360 tikst.m® dnn™, bet 2001. gada tas bija tikai 175 m® dnn™.

darbu [3] ir sekojosa: vidgjais patérin$ diennakti - 328 000 m’; maksimalais patérins
diennakti - 370 000 m’ ; maksimalais diennakts nevienméribas koeficients Kgmax = 1.13.
NepiecieSama tdensgutvju un tdens sagatavoSanas iericu kop€ja diennakts raziba ir
460000 m’. Udens nemsanas un sagatavoianas jaudu rezerves koeficients diennaktij ar
vidgjo wdens patérinu: 460 000 m’ / 328 000 m’ ~ 1.40. Jaudu rezerves koeficients
diennaktij ar maksimalo @idens patérigpu: 480 000 m® / 370 000 m® ~ 1.24.

Datu analize lava secinat, ka fidens patérins laika perioda no 2010. lidz 2020. gadam
butiski nemainisies. Prognozetos patérinus var uzskatit par pietickami droSiem. Ja
faktiskais idens paterin$ bis lielaks par prognozéto, tad to varés nodros§inat, izmantojot
tdens nemsSanas un sagatavoSanas iekartu jaudu rezerves, lai gan, ka jau bija ming&ts
ieprieks, p&dgjos gados verojama tendence, ka faktiskais fidens patérins ir par 18 - 22%
mazaks ka prognozetais. Jaudu rezerves koeficientam palielinoties, palielinas tidens
apgades droSums un tadgjadi kliidaina prognoze nevar radit bitiskas problémas Rigas

tdensapgade.

Dzerama @idens sagatavosanas kompleksa “Daugava” paredzéta jauda ir 240 tikst.m’
dnn™. No §1 daudzuma 9% nepieciesami pasa kompleksa tehnologiskajam vajadzibam,
galvenokart filtru skaloSanai. Tadel kompleksa lietderigais razigums, tas ir dzerama
tidens piegade pilsétai, ir 220 takst.m® dnn™. Kop&jo jaudu 240 tikst.m® dnn™, saskana
ar Rigas un apkartéjas vides projektu, attiriSanas komplekss sasniedza 2001. gada.
Udensgiitvé “Baltezers” intensivi papildinato gruntsiidenu ieguvi var palielinat vismaz
1,5 reizes un sasniegt razibu 80 lidz 85 tikstm’ dnn’'. Udensgiitves “Baltezers-I”

raziguma palielina$ana iesp&jama lidz 27 tikst.m’ dnn™.
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Udensgitves “Baltezers-II” projektéta raziba bija 30 tikstm® dnn’'. RaZiguma
papildinasanai jaizpéta aku darbibas efektivitate un javeic nepiecieSamie rehabilitacijas
pasakumi. RaZiguma palielinaSana javeic taja tGdensgiitvé, kur tas ir ekonomiskak
izdevigak. Udensgiitves ”Zakumuiza” jaudu ari ir iesp&jams palielinat lidz aptuveni 48

tiikst.m’> dnn’’.

Ar dzilsikniem aprikotas un spiedvadiem pieslégtas spiediena gruntstidens akas dod
iesp&ju elastigi palielinat vai samazinat iidens padevi pilsétai rita un vakara stundas, kad
mainas tidens patérins. Sadu aku skaitu un razibu ir lietderigi palielinat. Udensgiitvju
raziguma rezerves paredze€tas, lai nesamazinot tidens padevi pilsétai, varétu veikt iericu
apkopes un remonta darbus, ka arT kompens&t neparedzéti lielus tidens paterinus. Pec
Somijas konsultantu firmas "Soil and Watten" ieteikumiem razZiguma rezerve japienem
45% no vidgja diennakts Udens paterina vai 30% no maksimala diennakts wdens

paterina.

Darbinot tidens apgades sistému $ada rezima, ir jazina, kadas tidensgiitves pilnigi vai
dalgji ir lietderigi turét rezerv€. Optimals var biit variants, kad galvena rezerve ir tidens
attiriSanas kompleksa Daugava un pats komplekss darbojas ar nepilnu, konstantu

razibu.

Daugavas kompleksam ar razibu 128 tikst.m’ dnn™ jastrada nepartraukti, kas ir 50% no
pilsétai nepiecieSama dzerama tidens daudzuma. Par€jos 50% no pils€tai nepiecieSama
dzerama tidens daudzuma piegada pazemes fidensgiitves. Sada rezima prieksrociba ir ta,
ka tas atbilst Gidens patéripa Tpatnibam izejamas dienas. Ipatniba ir ta, ka izejamas
dienas, nepalielinoties kop&jam @idens pat€rinam pilséta, patérins koncentrgjas lielajos
dzivojamo &ku masivos. Ja Daugavas komplekss pilsétai piegada tikai 100 takst.m® dnn”
! tad izejamas diends ne vienmér ir pietickams tdens spiediens Kengaraga un
Pardaugavas dzivojamo &ku masivos. ST rezima triikkums ir tas, ka Daugavas kompleksa
sagatavota dzerama tidens paSizmaksa ir lielaka neka no pazemes utdensgitvém.
Planotaja 2010.gada diennakti ar maksimalo tidens patérinu, dzerama tdens padeve
pilsétai no Daugavas kompleksa nav japalielina, salidzinot ar 2003.gadu.

Lai Daugavas komplekss ekonomiska rezima parsiiknétu uz pilsétu 128 tikst.m’ Gidens
diennakti, otra pac€luma stknétava ir jauzstada papildus divi stukni ar razibu 1000 -

1500 m’ h' katram no tiem. Ar vienu esoSo siikni 128 tikst.m® dnn™ parsiknét nevar,
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bet stradajot ar diviem esoSajiem siikniem darba rezims ir neekonomisks un vél vairak

sadardzina tdens pasizmaksu.

Daugavas kompleksu var darbinat ekonomiska rezima ar nemainigu razibu ap 100
tikst.m’ dnn”', ja pazemes udensgiitvju razibu palielina vél par 28 tikst.m’ dnn’.
Protams, jarisina probléma par spiediena nodroSinasanu dzivojamo &ku masivos

izejamas dienas.

Darbdienam piemeérotais idens padeves rezims 1998.gada rudeni izradijas neatbilstoss
tidens patérinam izejamas dienas, ari tad, ja kop€jais diennakti pils€tai padotais tidens
daudzums darba un izejamas dienas bija vienads. Udens padeves grafiki pa diennakts
stundam arT bija Iidzigi. Kengaraga un Pardaugavas lielo dzivojamo masivu iedzivotaji
studzgjas par nepietickamu tdens spiedienu izejamas dienas. Jaievero, ka no pilsétas
dienvidaustrumu dalas lielajiem dzivoklu masiviem - Juglas, Mezciema, Purvciema,
Plavniekiem Iidzigu siidzibu nebija. Izejamo dienu siidzibas sakas péc tam, kad
samazinoties pils€tas kop&jam tdens paterinpam lidz 250 tikst.m® dnn’', samazinaja
dzerama tidens kompleksa Daugava razigumu par vairak ka 35% (no 160 tikst.m’ dnn’'
uz 100 tikst.m’ dnn™) un lielako dalu pilsétai nepiecieS$ama dzerama @dens (ap 150
tikst.m’ dnn™ ) piegadaja no pazemes tidensgiitvém.

Problému, jadoma, izraisa tas, ka izejamas dienas tidens patérins koncentr&jas lielajos,
pa pils€tas periferiju izvietotajos dzivojamo €ku masivos, attiecigi samazinoties uidens

patérinam uzn€mumos un iestades, kas vairak izvietoti pilsétas centralaja dala.

Nepieciesamo iidens spiedienu dienvidrietumu dzivojamo &ku masivos izejamas dienas
nodro$ina, ar palielinatu razibu darbinot Gidens sagatavo$anas kompleksu Daugava. Sis
risinajums ir tehnologiski neérts un ekonomiski apSaubams. Lielu Gidens sagatavoSanas
kompleksu vajadzeétu darbinat ar nemainigu razibu un dzidrinata fidens paSizmaksa ir
lielaka ka no pazemes tidensgiitvém nemtajam tdenim. Ir jaatrisina probléma, ka ar
vismazakajiem lidzekliem, nodroSinat vajadzigo spiedienu pilsétas dienvidrietumu

dzivojamo €ku masivos izejamas dienas.

Izejot no augstak min€ta un pamatojoties, ka ari 1999.gada tdens paterin$ uz vienu

iedzivotaju pilséta turpinaja samazinaties, 2000.gada tika apstiprinati priekslikumi par
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Rigas densgitvju darbinaganu no 2000. - 2005.gadiem (1. tabula ). Sajos

priekslikumos balstas uz realo tidens patérinu, kas atSkiras no 1995.gada prognozéeta.

1. tabula
Pilsétai nepieciesamais idens daudzums tikst. m® dnn™
dienas ar vid€jo tidens patérinu
UDENSGUTVES GADI |
2000 2001 | 2002 | 2003 2004 2005
Daugava 95 92 115 115 115 100
R68| R68 | RI0O5S | RI05 | RI05 120
Zakumuiza 28 28 28 28 28 43/25
Baltezers 45 45 25 25 25 25
R20 | R20 R 20 R20
Baltezers-11 18 18 RIS | RIS R I8 RIS
Baltezers-1 9R9| 9RY 18 18 18 18
Rembergi RI14| R14 14 14 14 14
Gauja-1 R37| R37 S S S S
Gauja-eksp. S8 S S N N N
Katlakalns 8 8 S S S S
Kopéjais piegadajamais|-200 200 | 200 | 200 | 200 200
idens daudzums un RV 68] RV 68 |RV 105|RV 105| RV 105 | RV 120
raziguma rezerve RP 60| RP60 | RP38 | RP38 | RP 38 RP 43
RI28| R128 | R143 | R143 | R 143 R 163

Apzim&jumi: RV - virszemes idensgiitvju raziguma rezerve;
RP - pazemes fidensgiitvju raZiguma rezerve;
R - kopgja tidensgitvju raziguma rezerve;
S — tidensgiitve slegta.

Rigas pazemes udensgutvju attistibas perspektivas

Izskatot jautajumu par pazemes iidens avotu attistibu, izmantoti darba [3,4] izteiktie
secindjumi un piedavajumi. Vieniga principiala atskiriba ir ta, ka nakotn€ tidensgiitves
tiek piedavata prioritate devona tidens horizontiem. Tadgjadi ievérojami samazinasies
risks, ko nosaka tidens kvalitates izmainas un urbumu kolmatacija. Balstoties uz $o, ka
arm nemot véra vidéjo un maksimalo Gidens pat€rinu diennakti (attiecigi 200 un 225
tikst. m® dnn™' ), esofo adensvadu infrastruktiru un tdens krajumus un to kvalitati
konkrétas tidensgutves ir izstradats priekslikums pazemes tidensgiitvju attistibai laika
posma lidz 2010.gadam. RUAVP pétijumu rezultata iegiitd informacija lauj piedavat
bitisku pazemes tidens avotu lomas palielinasanu Rigas tidensapgadé jau tuvakajos

gados, lai uzturétu vélamo darbibas reZimu, kur 50% tidens nak no pazemes avotiem un
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50% no udens attiriSanas stacijas “Daugava” — ka galveno laika posma lidz 2010.

gadam [4]. Udens patérins 2010.gada, salidzinot ar 2005.gadu, biitiski nemainisies.

Dzelzs formu analize

Neskatoties uz loti lidzigu jonu sastavu — visos urbumos pazemes tdeniem ir
hidrogénkarbonatu magnija — kalcija sastavs, kas ir visbiezak sastopams saldidenos,
pétitie pazemes tdeni krasi atSkiras peéc pH - redoks apstakliem, ka arT p&c humusvielu
satura, kas nosaka lielas dzelzs koncentracijas svarstibas tident — no 0.02 lidz 2.1 mg/l.
Bezskabekla pazemes tidenos ar zemu redoks potencialu 81-100% no kopgja dzelzs
atradas divvertigaja forma. Trisveértigais dzelzs domingja tikai parauga ar anomali
augstu skabekla saturu. Divvertigo un trisvertigo dzelzs formu attiecibas, pétitos
pazemes tidenos, atbilst teorétiskajiem pie konkrétiem pH un redoks apstakliem. Iegtito
datu ticamibu apstiprina arT novérota trisvértiga dzelzs koncentracija — 0.02 mg 1", kas

atbilst maksimalai trisvértiga dzelzs savienojumu $kidibai vaji sarmaina fiden.

Paraugu ultrafiltréSana paradija, ka visos pétitos pazemes idenu paraugos gan
divvertiga, gan trisveértiga dzelzs atrodas jonu vai zemmolekularu dzelzs humusvielu
kompleksu forma. P&tjjumos izmantota ultrafiltracijas metodika nelauj atSkirt dzelzs
jonus no dzelzs-humusvielu kompleksiem. Iepriek$gjos pétijumos, Baltezera
gruntsiideni [5] konstat€ja, ka apmeram puse no dzelzs-humusvielu kompleksiem ir
zemmolekulari (<10kDa). Tapéc, var pienemt, ka miisu pétijuma gruntsiident ar augsto
organisko vielu koncentraciju dala no dzelzs atrodas izSkiduSo kompleksu veida
(neaiztur 0.01 um filtrs). To apstiprina Gidens krasainibas merijjumi — izfiltrgjot So
parauga caur 0.01 pum filtru Gdens krasainiba samazinajas no 80 Ilidz 30 platina -
kobalta vienibam. Par cik tdens krasainiba pazemes tdenos ir proporcionala
humusvielu koncentracijai, iidens paraugs, kas ir izgajis caur 0.01 pum filtram satur gan

dzelzi gan humusvielas.

Neviena parauga netika noveérota dzelzs koncentracijas samazinasanas tendence
filtratos, pazeminoties filtru poru izmériem. Sis rezultats bija gaidams spiediena
gruntsiidenos ar zemu organisko vielu saturu. Tom@r gruntsiideniem ar augstu
humusvielu koncentraciju Sis noverojums ir negaidits. Tradicionali tiek uzskatits, ka ar

humusvielam bagatos pazemes tidenos, lidzigi ka virszemes tdenos, dzelzs parsvara
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atrodas kompleksa ar augstmolekularam huminskabém veidojot koloidus (0.01-0.45
um). Miisu petijums paradija, ka pazemes tidenos dzelzs atrodas, galvenokart, izSkidusa

forma un veido kompleksus ar mazmolekularam huminvielam (piem. fulvoskabém).

Pazemes Gidenu attiriSana no dzelzs un mangana

Petijuma merkis bija izpétit vai tieSas aeracijas-filtracijas metodes var efektivi izmantot
(1) pazemes udenu ar videju dzelzs un (2) pazemes tdenu ar zemu dzelzs un vid&ju
mangana koncentraciju attiriSanai. P&tijumi veikti viena gada perioda tdensgiitve
“Baltezers” izmantojot lielas raZibas eksperimentalu iekartu. Iekartai bija divas
paral€las Iinijas. Pirma linija (domingjosi biologiskie procesi) sastavéja no reaktora
(piepildits ar plastmasas matricam) kam sekoja smilSu I1&nfiltrs. Otra Itnija (domingjosi
virsmas katalitiskie procesi) sastavéja no atrfiltriem (pildits ar granti vai antracitu).
Vieniga uidens apstrade pirms filtracijas bija dabiska aeracija tidenim izlistot uz filtra
vai reaktora virsmas. lekartu baroja (1) ar pazemes tideni no spiediena gruntsiidens
akas, kas satur vidéju dzelzs (ap 0.8 mg 1) un zemu mangana (ap 0.1 mg 1)
koncentraciju un (2) ar maksligi papildinatu gruntsiideni (no Baltezera sifona krajakas),
kas satur zemu (ap 0.3 mg I"") dzelzs un vid&ju (ap 0.25 mg ") mangana koncentraciju.

Pirma linija, kura domingja biologiskas atdzelzoSanas procesi, sasniedza maksimalo
art€ziska tdens attiriSanas efektivitati >95% p&c apm&ram ménesa. Otra linija, kura
domingja virsmas katalitiskie procesi, sasniedz lidzigu efektivitati daudz agrak, tomer
process bija nestabils apméram 20 dienas. Maksligi papildinatais tGidens satur&ja tikai
nelielu dalu divvertiga dzelzs. Dzelzs izdalijjas loti efektivi abas Iinijas. Mangana
samazinasanas sakas tulit peéc pilota iekartas iedarbinaSanas un bija loti efektiva abas

linijas.

AKku regeneracijas rezultati

Mehaniska aku tiriSana ievérojami samazinaja kolmatacijas slana biezumu (2.attels).

Kolmatants uz caurules sienam bija palicis fragmentari 2 — 3 mm plana slani.
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2.att.

Baltezera tidensgiitves urbums (43.aka) péc mehaniskas tiriSanas

Attirfjas ar1 perforétas caurules pamatdala. Intervala no 19 — 23.6 m perforéta caurule

bija tik sariis€jusi, ka ta tika iznemta. Tad€jadi var apgalvot, ka Saja intervala ir palikusi

tikai dala no perforétas caurules keramiska seguma. Dala kolmatantu un smilSu ir

nosédusies urbuma pamata, un ta dzilums ir samazinajies par 3.6 m. Atsiikn€Sana péc

mehaniskas apstrades paradija, ka urbuma debits palielingjies no 7.1 lidz 10 1 s™ (1.4

reizes), bet Ipatngjais debits — no 1.25 1idz 1.39 1 s m™ (1.1 reizes). Ta ir salidzinosi

liela efektivitate, tomér janem veéra, ka mehaniska tiriSana neatbrivo no kolmatanta filtra

ieksgjo dalu (2. tabula).

2. tabula
Urbuma ( 43.aka ) atsiikné€Sanas rezultati
Atsitknésanas Atsitknésana Parbaudes Atsitknésana Atsitknésana | Efektivitates
raditaji 1962.gada atsitknésana péc péc apstrades koeficients
pirms urbuma mehaniskas ar HCI
apstrades apstrades
Debits, I s 8.8 7.1 10.0 10.77 L5
Udens statiskais
limenis, m 5.7 4.76 4.76 4.76 -
Udens
dinamiskais 7.95 10.42 11.97 8.56 -
limenis, m
Limena
pazemindjums, m 2.25 5.60 7.21 3.8 -
Ipatnéjais debits,
Is'm! 3.9 1.25 1.39 2.83 2.26
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Veikta urbuma kimiska apstrade ar 5 % HCIl skidumu ievérojami palielinaja kopgjo
urbuma veikto darbu efektivitati. Debits, tiesa gan, palielinajas neievérojami, salidzinot
ar mehanisko tirianu (lidz 10.77 1 s™), toties strauji palielindjas pamatraditajs —
ipatn&jais debits (Iidz 2.83 1 s' m™ ). Kopuma rezultatu var noveértét apmierinodi (pat
salidzinajuma ar 1967. gadu). Udens kimiskais sastavs urbuma kopuma ir palicis
neizmainits. Attieciba uz dzelzs saturu tideni, - pé€c mehaniskas tiriSanas tas bija 0.83
mg 17, bet tlit péc kimiskas apstrades — 1.04 mg I"'. P&c tam, atsiiknésanas laika, kas
ilga 3 diennaktis, dzelzs saturs loti strauji samazinajas un svarstijas robezas no 0.26 —
0.38 mg I"'. Iegitie rezultati paradija, ka bez apbéruma konstrukcijas akas ar dzelzs
apvalkcauruli loti pieséré ar dzelzs un kalcija nos€édumiem. Dazas akas kolmatanta
slanis sasniedza Iidz 80 mm (2.att.) vai pat pilnigi to nosprostoja. PEtijumu rezultata tika
izstradata tehnologija aku mehaniski-kimiskai regeneracijai ar 8% natrija ditionitu
(Na,S,0,). Tomeér daudzas akas, kuru vecums lielaks par 15 gadiem, atjaunot nevaréja,

jo tas bija izriis€jusas un 1&tak urbt jaunas akas.
Jaunas gruntsiidens akas konstrukcijas izstradasana

Jaunas akas izbiiveétas no materialiem, kuru elektrostatiskais potencials neveicina
elektrokimiskos procesus un kolmatanta veidoSanos un kuri noturigi pret koroziju.
Izveletas polivinilhlorida (PVC) caurules, jo tas neizraisa elektrokimiskos procesus un
ap to veidots sijatas grants apbérums. Aka kopa ar apb&rumu ir ar diametru 1000 mm.

Akas konstruktivais izveidojums paradits 3.attela.
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3.att. Baltezera urbtas akas konstrukcija (vakuumakas variants)

Filtra caurules diametrs 250 mm. Lai palielinatu aku debitu filtra cauruli javeido péc
iesp&jas garaku. Aka var bit pilndziluma vai nepilndziluma. Filtra caurules garums

aprékinats pec S.Abramova dotas izteiksmes [6]:

fZ—Q >11.4m,
r-DV -Z

p

kur: O — planotais akas debits (0.04 m® s™);
D — filtra diametrs, ieveérojot apb&rumu (1 m);
V, - pielaujamais filtracijas atrums ddenim

ieplustot filtros.
1
V. =19.64K -———=0.00124m -5 ;
’ 86400

K — filtracijas koeficients apbérumu (30.24 m dnn™);
Z — koeficients atkariba no maksimala pliismas atruma, pienemts 0.9 [7]
Pienemts garums 15 m.
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Udens Iimena pazeminajums aka aprékinats péc V.Theisa izteiksmes [8]:

__9Y  _saom,
4r-K-M

kur: O — akas debits (0.04 m*s™);
K — filtracijas koeficients (0.00035 ms™);
M — tdens slana biezums (pienemts 15 m);
T — gruntsiidens horizonta idensvadamiba ( 0.00525 )
W, — akas funkcija ( well function ) 5.64 péc [7,9]

Akas Tpatngjo debitu noteica izmantojot V.Juhnas izstradato empirisko formulu:
O=r-K-D-1=0.0142m’s" =142[-5s7"-m™",

kur Q- akas Tpatnéjais debits, m® s m™';
K — filtracijas koeficients, m s'l;
D — filtra diametrs ar apb&rumu, m;
[ — filtra caurules garums.

Nemot véra aku savstarp€jo ietekmi, noteicam, ka aku debiti samazinasies par 19 % [9]:
O . =11.61- stom™!

Salidzinot akas debitu, kuru noteica péc V.Juhnas formulas ar 142 aka faktiski novéroto
ipatngjo debitu 11.9 1 s m™, redzam, ka formula dod ticamus rezultatus, jo 11.6 ~ 11.9
1s'm™.

Aku ierikoSanu 2001.gada izdarija SIA ,,UrbSanas centrs”. Lidz 2003.gadam izveidotas
23 akas. Urbumu izveidoja ar rotacijas urbSanu un atgriezenisko skaloSanu. Izmantoja
URB agregatu ar pilnveidotu urbi, jo tada diametra urbji nebija pieejami. Urbumu
skaloja ar tiru tideni. Akas iebuvetas @ 250 mm PVC apvalkcaurules, kuram gala
piemetinatas tada pasa izmera filtra caurules ar perforaciju 1 = 2 x 20 mm. Perforacija
sastada 70 % no filtra caurules virsmas. Perforacija sakta ne tuvak ka 12 m no zemes
virsas. Filtra apb&rums tika veidots no diviem slaniem, izmantojot sijatu un kalibrétu
granti. Grants vid€jais dalinu lielums (d50) pielagots tidensnesosa horizonta smilts
vidgjo dalinu izmériem, piem&ram, 142.akai apberuma arg&jam slanim d50 = 0.63 mm
pret Udesnesosa slana smilts vidgjo dalinu izm&ru d50 = 0.25 mm. Tas ir mazak, ka
iesaka zinatnieki 1 : 5 [9], bet némam vera, ka saglabajot So attiecibu, apberuma frakcija
bitu Joti rupja 1.5 : 2.0 mm, kas nenoverstu smalko smilSu un trisvertigas dzelzs oksidu

parslu iepliSanu urbuma. Grants apbéruma 1.slani veidoja 250 + 300 mm biezu, 2.slani
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100 + 150 mm biezu ar dalinu izméru d 50 = 1.7 + 2.0 mm. Cilindrisko apbéruma formu
izveidoja ar iegremdétam caurulém, kuras péc tam izvilka no urbuma.

Optimalas konstrukcijas akas noskaidrosanai izveidojam vakuumakai alternativu aku ar
dzilsukni, kuras priekSrociba ir ta, ka varam palielinat aku debitu Iidz maksimali
iespe&jamam, ko nevar sasniegt ar vakuumsistemu, jo praktiski sifonvada vakuums ir
tikai ( -0.04 = 0.06 ) MPa. Tadejadi iesp€jams samazinat nepiecieSamo aku skaitu.

Akas apaksgjas dalas un virsgjas dalas (galvas) konstrukcija ir lidziga ka 3.attéla.
Atskiriga ir akas armatiira. Aka jauzstada dzilsiiknis ar razibu ap 30 + 40 1 s un
celSanas augstumu 15 m. @ 150 mm spiedvada jaieblivé vienvirziena varsts, aizbidnis

un idens meritajs. Akas galva jamont€ elektrosadales un kontroles iekartas.

Ipatnéjais elektroenergijas patéring 1 m’® idens siikné$anai no akas lidz 2. pakapes siiknu
rezervuariem. Alternativai Udens atsiikn@Sanas sist€émai ar dzilsikniem ir ieveérojami
mazaks Tpatnéjas elektroenergijas patérins:

0.0470 < 0.1465 kWh m™

Izbtivgjot alternativo sistemu, SIA “Rigas Gidens” gada var€tu ietaupit

P = (0.1465 — 0.0470) - 9570125 = 952227 kWh gada™ .

SECINAJUMI

1. P&c prognozem, vidg€jais diennakts fidens paterins Rigas pilséta 2010. gada bis 200
tikst.m’, maksimalais — 225 tikstm’. Nepiecielamas wdens npemsanas un
sagatavosanas jaudas 280 — 300 tikst.m’ dnn’'. Tuvakajos 10-20 gados netiek

prognozets biitisks tidens paterina pieaugums.

Rigas pilsétas tdens apgade ilgtermina perspektiva, vai arl virszemes udens
attiriSanas stacija “’Daugava” kritisku situaciju gadijumos, pilniba var tikt
nodroSinata izmantojot pazemes udenus. Ir iesp&jams palielinat pazemes tdenu
Ipatsvaru Rigas pilsétas tidens apgade.

Javeic tidens stknu stacijas ,,”Zakumuiza” rekonstrukcija.

Papildus jaizpéta pazemes tidenu krajumi un ta kvalitate potencialajos tidens ieguves

iecirknos Baltezera regiona.
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Jaturpina M.Baltezera tidens paSattiriSanas pétijumi posma no infiltracijas baseiniem
uz ekspluatacijas urbumiem. Ta nodroSinasanai jaieriko atbilstoSs noveéroSanas
urbumu tikls. Jaizveido piesarnojuma migracijas modelis, lai varétu kontrolét un
prognozet tidens kvalitates idensgiitvju “Baltezers” un ”Baltezers-1I" iecirknos.

Tuvakaja perspektiva lidz 2010. gadam vé€lamais Rigas tidensapgades sist€émas
darbibas rezims, kur 50% piegadats no pazemes tidensgiitvém un 50% no dzerama

tdens sagatavoSanas stacijas "Daugava”.

Baltezera gruntsiideni satur paaugstinatu dzelzs koncentraciju, vidgji 0.4 mg 1" un
mangana koncentraciju, vidgji 0.25 mg I, Sie @ideni ir jaatdzel?o un jaatmanganizg.
Baltezera gruntstidenos ar augstu organisko vielu koncentraciju, dzelzs biezi atrodas
kompleksa ar organiskam vielam ( humusvielam ). Baltezera sifona vada lielaka
dala no divvértiga dzelzs oksidgjas, veidojot koloidus. Sada tidens atfiri§ana ar
tradicionalajam metodém ir sarezgita. Biologiskas metodes var tikt efektivi
izmantotas pazemes fidenu ar vidéju dzelzs (ap 1 mg I ) un pazemes tdenu ar

zemu dzelzs un vid&ju mangana (ap 0.25 mg 1) koncentraciju attiri$anai.

Eso$o gruntsidenu aku regeneraciju var veikt ar mehaniski-kimisko metodi
izmantojot drasu sukas un 8% natrija ditionitu ( Na,S,04 ). Tada veida iesp&jams

aku debitu palielinat 1 — 5 reizes.

Udensgiitvé “Baltezers” lietderigi biivét jaunas konstrukcijas akas no nekorodgjosa
materiala PVC caurulém ar lielu debitu ( 60 — 90 m® h™ ). Aku debita noteiksanai

iesaku izmantot izteiksmi Q=nk D .

Udensgiitvé “Baltezers” alternativa sistéma ar dzilstikniem ir 1&taka par eksistgjoso
vakuumsistému. Aprékini rada, ka tdens ieguves un transportéSanas izmaksas
spiediena sistémai lidz 2. pakapes rezervuariem ir 0.0018 Ls m>, bet
vakuumsistémai - 0.0056 Ls m™ un ir lietderigi pariet uz Gidens sikn&$anu no akam

ar dzilstikniem.
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GENERAL DESCRIPTION OF THE WORK

Relevance of the thesis work

A reliable supply of good safe drinking water is fundamental to a healthy community
and to its economic development. The selection of the water source depends on several
factors including accessibility and quality of raw water, type (surface or underground),
treatment and transportation costs. Due to higher safety ground water sources are most
frequently used in drinking water production.

At the beginning of the last century, the city of Riga supplied with drinking water from
the underground resources located in the Baltezers region, which is located in vicinity.
During the next eight decades, due to increasing urban water consumption the ground
water resources become scarce. Therefore they had to be recharged artificially. Later,
surface waters were also started to be used for drinking water production. In the nineties
of the last century water consumption decreased considerably creating a necessity to
estimate the usage of groundwater and surface water resources for producing drinking
water in the city.

In the paper, aspects related to possibilities of increasing the amount of groundwater for
Riga were studied. The thesis was mainly focused on the following topics:

- Forecast of water consumption (Chapter of Thesis 1);

- Development of Baltezers underground resources (Chapter 2);

- Alternatives for groundwater treatment (Chapter 3);

- Usage of accessible water resources (Chapter 4);

- Increase of water abstraction efficiency (Chapter 5, 6, 7, 8).

For predicting the development of water supply, it is necessary to forecast water
consumption changes during the next ten years. According to earlier estimates the
present trend of water consumption decrease will continue [1]. However, the records
from the last years contradict this since a water consumption has stabilized.

In the future water consumption in the city is expected to increase as a result of
extension of water supply networks, connecting more costumers living in areas located
in the vicinity of Riga, and increasing stability and safety of water supply by providing
high storage capacity though building new drinking water reservoirs and water towers,
At present, the total storage capacity of underground reservoirs is 98100 m® including
90600 m’ in underground reservoirs and 7500 m® in fours water towers. This amount is

only to 31% of the produced water per day, which is too low to supply enough water in
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cases of peak consumption, emergency or pump testing. In comparison, in Stockholm
the storage is 277, in Copenhagen - 440, in Amsterdam — 130 and in Antwerp — 155 %
of the daily consumption. By the year 2010 the total storage capacity in Riga should be
increased to a minimum to 50-60% of the daily supply.

To design water supply for Riga the available groundwater resource has to be evaluated.
The groundwater and surface water sources are located in different parts of the network,
therefore historically the optimum hydraulic regime in the network was ensured by
using both types of raw water resources. Many ground waterworks in Riga are out of
date and their technical condition is not sufficient to provide qualitative drinking water.
Therefore, it is necessary to evaluate which waterworks should be renovated and which
ones should be abandoned.

Most of the groundwater wells have been used for more than 20 years. Because of this
and because some wells are receiving artificially recharged groundwater with relatively
high amount of organic matter there is in extensive clogging of some of wells. The
clogging has decreased yield of wells and increased maintenance costs. Often the
regeneration costs are higher than costs for construction of new wells. The previous
experience shows that hydrochloric acid and sodium dithionite can effectively be used
as reagents for regenerating well with recent clogging problem. However to date there is
no effective method to treat well that are older than 10 years.

Well clogging causes considerable economic losses including electrical power
consumption for water pumping and regeneration costs. Clogging is most pronounced in
steel pipes with metal winding where favorable conditions are created for
electrochemical and physical processes to begin especially in waters containing high
concentrations of iron, calcium, manganese, magnesium and organic substances. As a
result, metal parts corrode and clogging material formations appear in well filter and
around it. This results in the decrease of well yield and deterioration of produced water
quality. Therefore, it is necessary to develop a new bored well construction that is less
prone to clogging.

The equations currently used for estimation of yield of the wells at Baltezers region are
not accurate. Therefore there is a necessity to develop new equations which could be
used for construction of wells in the study area.

Groundwater quality in the Riga waterworks, as in many places in Latvia, is good with
exception of iron and manganese concentrations. The traditional iron removal method

is not always efficient and it produces a large quantity of sludge. Chemical methods are
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usually used for water purification from manganese. During the latest years, direct
aeration and filtration methods which incorporate biological and surface catalytic
processes, are being used more and more for drinking water production. Experience
shows that, using this method, iron and manganese can be effectively removed from
water without using chemical reagents, and less sludge is produced. The potential of
using this method for treatment of Riga groundwater has not been evaluated up to date.

The efficiency of iron removal from water is dependent on iron speciation forms. In the
study area, groundwater contains a high concentration of natural organic substances.
Therefore, iron may exist in water in the form of colloid or in complexes with humic
substances rather as ferrous ion species. Depending of the iron species, different water
treatment methods are applicable. Therefore there is a need to determine the distribution

of iron species in groundwater at Baltezers.

Objectives and scope

The overall objective of the thesis was to evaluate the conditions of the existing
groundwater resources in Riga City and possibilies of the further development for

drinking water supply until 2010.

Specific objectives were:

- to forecast drinking water consumption in Riga;

- to determine the optimal percentage of surface water and groundwater to be used
for drinking water production;

- to determine iron species in groundwater in the at Baltezers region;

- to evaluate the efficiency of aeration and filtration method for removal of iron and
manganese from groundwater in the Baltezers region;

- to improve the technology for restoration of efficiency of the existing wells;

- to develop a new construction of a well, which is less prone to clogging and
inexpensive in usage;

- to improve mathematical methods for estimation of specific yield for wells
located in the study area;

- to compare vacuum and submerged pump well pumping systems from the

engineering and economic point of views.
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Description of study site

The drinking water supply system of Riga is supplied both from surface and
groundwater sources (Figure 1.). In 2001, reconstruction of the Daugava surface water
treatment plant was completed. The treatment process at the plant was enhanced by two
stage ozonation and biologically active carbon filtration. As a result of these
improvements drinking water now meets European Drinking Water Directives.

Most of the ground water resources used for the Riga supply are located in the area near
Lake Mazais Baltezers (M. Baltezers). A vacuum system is used for water abstraction at
the plants Baltezers, Baltezers I and Baltezers II. At the other plants, Rembergi,
Zakumuiza and Katlakalns, submerged pumps are employed for water abstraction. In
2002, reconstruction of groundwater plants was completed: 40 new wells were installed

at the Baltezers-II plant and several old wells were replaced with new ones at the

Rembergi plant.
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Figure 1. Existing and potential ground abstraction plants used for drinking water
supply in Riga

There is no individual water supply system for technical needs in Riga. There are more
than 400 individual artesian wells located within the city, of which 220 are used for

drinking water supply.
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Scientific novelty

Development of water supply for the city includes a wide range of issues, a part of
which could be solved by engineering and economic methods, while for some problems
scientific approach is required. This thesis is based on studies carried out over the
period of ten years in co-operation with scientists from various scientific fields
including biology, chemistry, and hydrology. The most important scientific novelties in

this thesis are the following:

- knowledge about iron forms in artificially recharged groundwater;

- a new method for conservation of water samples for iron analyses;

- knowledge about removal of iron and manganese from groundwater using
aeration and filtration methods;

- a new mathematical method for calculation of well yield;

- a new method for chemical regeneration of clogged wells.

The scientific work approbation

The thesis work has been carried out during the period from year 2000. till 2005. The
research results have been reported at seven International scientific conferences of

LUA.

Conferences and number of scientific meetings: Research for Rural Development 2001.-
2005., International Scientific conference Civil Engineering ‘¢ 03, Jelgava, 2003,
International conference Eco Balt © 2003, Riga, IV International conference Baltic

Transit Gateway © 99, 1999., Riga.

List of the major conferences :

1. IV International conference “Baltic Transit Gateway '99”. Workshop Research and
development in Modern Transportation Technology. V.Juhna Riga water yield
sources and their development until 2010. 104-107 pages

2. LLU Science for rural development. International Scientific Conference Proceedings.

Jelgava 2001, V.Juhna Results of regeneration of Baltezers bored wells. 215-219
pages.
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3. LUA Research for rural development 2002. International Scientific Conference
Proceedings, Jelgava 2002. V.Juhna, Underground water resources development
prospects in Baltezers region. 111-11-115.

4. LUA Research for rural development 2003. International Scientific Conference
Proceedings, Jelgava 2003. V.Juhna Removal of iron and manganese from
groundwater at Baltezers drinking water plant in Riga, Latvia. 114-14-118.

5. Construction ’03 Scientific reports of international conference, Jelgava 2003.
V.Juhna, E.Tilgalis Groundwater wells’ construction in Baltezers. 105-108 pages.

6. International conference ,,ECoBalt 2003, Riga-2003, V.Juhna Problems related to
Riga’s water-supplying., 40-41 pages.

7. LUA Research for rural development 2004. International Scientific Conference
Proceedings, Jelgava 2004. V.Juhna, Conveyance of water using Vacuum of

Pressured system at Baltezers Waterworks.

During the doctoral studies, eight scientific papers have been published in the Latvian,
English and Polish languages, five of them conform to generally approved reviewable

scientific issues.

1. International conference ,,ECoBalt 2003, Riga-2003, V.Juhna Problems related to
Riga’s water-supplying., 40-41 pages.

2. Construction ’03 Scientific reports of international conference, Jelgava 2003.
V.Juhna, E.Tilgalis Groundwater wells’ construction in Baltezers. 105-108 pages.

3. LUA Research for rural development 2003. International Scientific Conference
Proceedings, Jelgava 2003. V.Juhna Removal of iron and manganese from
groundwater at Baltezers drinking water plant in Riga, Latvia. 114-14-118.

4. LUA Research for rural development 2002. International Scientific Conference
Proceedings, Jelgava 2002. V.Juhna, Underground water resources development
prospects in Baltezers region. 111-11-115.

5. LLU Science for rural development. International Scientific Conference Proceedings.
Jelgava 2001, V.Juhna Results of regeneration of Baltezers bored wells. 215-219
pages.

6. IV International conference “Baltic Transit Gateway '99”. Workshop Research and
development in Modern Transportation Technology. V.Juhna Riga water yield

sources and their development until 2010. 104-107 pages
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7. LUA Research for rural development 2004. International Scientific Conference
Proceedings, Jelgava 2004. V.Juhna, Conveyance of water using Vacuum of
Pressured system at Baltezers Waterworks.

8. Regeneracja studni wierconych (Renovation of drilled wells),Problemy Inzynierii

Rolniczej 2(40),Warszawa 2003, s.53-60, K. Kuczewski ,E. Tilgalis, V. Juhna.

METHODS AND MATERIALS
Forecast of water consumption for Riga

The forecasting of water consumption was based on systematic analysis of theoretical
data acquired in previous studies and from data acquired in practice. In forecasting
water consumption, social and economic development tendencies in Latvia were taken

into account.

Selection of ground water resource

To evaluate which of groundwater sources could be used for water supply, the condition

of existing and potential resources were studied.

Analysis of Iron Species

Determination of the iron species were carried out in situ during field sampling of
groundwater from Baltezers region. Both ferrous and ferric iron was analyzed. Size of
iron particles were determined using ultra-filtration method. Depending on size, three
forms were distinguished: suspended (>0.45 um), colloid (from 0.45 to 0.01 um) and

soluble iron form (<0.01 pm).

Removal of iron and manganese from groundwater

Iron and manganese removal with aeration and filtration method were studied at the
high yield pilot plant installed at Baltezers plant. The pilot plant consisted of two
process lines. One line contained two filters filled with sand or anthracite; the second
line consisted of a reservoir, filled with plastic matrices and a slow sand filter. The pilot
experiment was carried out during one year using artificially recharged or deep

groundwater.
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Regeneration of existing wells

The regeneration of clogged wells was studied at the Baltezers plant. The study

involved the following aspects:

- determination of the thickness of the clogging layer (thereafter, cavernometry) using
radiolocation method;

- mechanical cleaning of wells;

- repeated cavernometry to estimate efficiency of mechanical cleaning;

- chemical regeneration of the wells using hydrochloric or sodium dithionite
solutions;

- pumping test to determine changes of specific yield;

- chemical analyses of water;

- processing of the acquired information and evaluation of efficiency of regeneration.

Regeneration reagents were introduced through the special head pipe into the well.
Then, the slide-valve was closed and air was supplied from the compressor resulting in
lowering of the static water level in the well. As a result, the part of the reagents entered
the outer zone of the well screen. Hence, not only inner part of the well was cleaned, but
also external surfaces. After 10-15 minutes, the slide-valve was opened and, air and
produced gases were released, resulting in recovery of the water static level in the well.
By repeating this procedure, continuously fresh portions of the reagents came into
contact with the outer media of the well filter. After completing this procedure, the
reagent was left in the well for some time (hydrochloric acid 10-15 hours, but sodium
dithionite 6-7 hours). Before the cleaned well was put again into operation it was water

rinsed by abstraction of groundwater for three days.

RESULTS AND DISCUSSIONS
Water consumption forecasts

From 1904 until 1967 groundwater from Baltezers region was the only drinking water
source for Riga. Later, surface waters started to be used, resulting in a decrease of the
percentage of groundwater as a drinking water source for the city. In 1978, the largest

surface water treatment plant for abstraction water from the Daugava River began
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operation. Since 1996, the total water consumption in Riga has been constantly
decreasing. The declining trend was more rapid than it was forecasted in 1995.
According to the forecasts [2], total consumption in Riga by the year 2000 would be
about 236 thousand m’ day”', whereas the actual amount was 200 thousand m’ dnn™',
which was 18% less than forecast. In 1996, water consumption was 360 thousands m’

dnn™, but in 2001 it was only 175 m’ dnn™".

According to the forecast [2], in Riga by 2010 the average daily water consumption will
be 328 000 m’, maximum daily consumption - 370 000 m’ with an maximum daily
inhomogenity ratio - K4 max = 1.13. The total amount of water (including reserves and
water for technical needs) required for the city is 460 000 m® day™. Thus, the provision
rate is ~ 1.40 (460 000 m®/ 328 000 m’) and reserve rate ~ 1.24 (480 000 m® / 370 000
m’).

Data analysis shows that water consumption in the period between 2010 and 2020 will
not change considerably. This forecast of consumption can be considered as adequately
reliable. If the actual water consumption will be more than forecast, it could be
provided using the water reserves. Within the latest years, a tendency is observed that
the actual water consumption is by 18-22% less than forecast. By increasing of water
reserves, the reliability of water supply will be increased and, therefore, a mistaken

forecast cannot cause essential problems for the water supply of Riga.

The expected yield of the Daugava surface water treatment plant is 240 thousand m’
day™, from which 9% are required for technological needs, mainly for backwashing of
filters. At Baltezers the plant capacity of artificially recharged groundwater can be
increased 1.5 times to reach yield between 80 to 85 thd. m’ day”'. The yield of
Baltezers-I groundwater plant could be increased up to 27 thd. m® day.

The design yield of the Baltezers-II groundwater plant was 30 thd m® dnn™. To reach
this capacity the efficiency of well production should be increased. This could be
achieved after cleaning and reconstruction of some wells. The yield of the Zakumuiza

groundwater plant can be increased up to about 48 thd m’® day™.

Pressured groundwater wells equipped with submerged pumps and connected with
pressured pipes make it possible to increase or decrease flexibly the water supply for

the city during morning or evening hours when water consumption increases. It is

37



expedient to increase the number and productivity of these wells. The plant productivity
reserves are should be enable to carry out equipment maintenance and repairing work as
well as to compensate unexpectedly high water consumption, without decreasing water
supply for the city. According to recommendations (Finnish consultation office Soil and
Watten), productivity reserve attributes 45% of the average daily water consumption or

30% of the maximum daily water consumption.

Operating the water supply system in this regime, it should be taken into account which
plant is expedient to keep in reserve. The optimum option may be taking the main
reserve from Daugava surface water treatment plant and operating at lower than
maximum capacity. In 2005, ground water plant the total productivity will be 401 - 220
= 181 thousand m® dnn'. In that year, daily with maximum water consumption 309
thousand m’, the Daugava plant should pump to the city 309 - 181 = 128 thousands m’
dnn™'. The Daugava plant should operate non-stop with a capacity 128 thousand m® dnn”
' The advantage of this regime is that it fits to water consumption on weekends, while
if not increasing total water consumption in the city, consumption is concentrated in
large residential districts. In the case that the Daugava plant supplies for the city only
100 thousand m® dnn', there is not always adequate water pressure in some of Riga
districts at weekends. The drawback of this regime is that prime cost of drinking water
produced by Daugava plant is more than that of groundwater plants. Drinking water
supply from Daugava plant, as projected for 2010 with maximum daily water

consumption, will probably not be increased if compared with 2003.

Operating the Daugava plant in economic regime, to pump to the city 128 thousand m’
daily, two additional pumps with productivity 1500 m® h™' each should be installed
additionally in the booster pumping station. It is not possible to pump 128 thousand m’
dnn™, using the one existing pump, but if working with the two existing pumps, the

working regime is not economical and makes water cost more expensive.

The Daugava plant can be operated in economical regime with a constant productivity
of about 100 thousand m’ dnn, if the groundwater capacity is increased by 28
thousand m’ dnn”'. This would eliminate the problem of providing residential districts

with pressure on weekends. Zoning of consumers and decreasing pressure losses in
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transit pipes from eastern part waterworks to consumers can be a solution to the

problem.

The water supply regime in autumn of 1988 for working days could not be applied for
weekends, even if the total daily water supply to the city was equal for workdays and
weekends. Schedules for water supply according to hours of the day were the same.
Citizens of big residential districts of Kengarags and Pardaugava complained of
inadequate water pressure during weekends. It should be taken into account that citizens
of the south-eastern big residential districts - Jugla, Mezciems, Purvciems, Plavnieki
had no such complaints. Weekend complaints started the total water consumption in the
city was decreased to 250 thousand m® dnn™, the drinking water Daugava plant yield
was decreased by more than 35% (from 160 thousand m® dnn™' to 100 thousand m® dnn”
" and drinking water (about 150 thousand m® dnn™' ) necessary for the larger part of the

city was supplied from north-eastern waterworks.

The problem was probably caused by the fact that on weekends, water consumption
was concentrated in large residential areas located in the city’s outlying districts, while
water consumption by enterprises and institutions, which are basically located in the

central part of the city decreased.

The necessary water pressure in south-western residential districts at weekends is
ensured if Daugava plant is operated with increased capacity. This solution is
technologically not convenient and doubtful from the economic point of view. The
Daugava plant should be operated with constant capacity and the treatment water cost is
higher than that of water obtained from groundwater resources. The cheapest way of
maintaining the required pressure in south-western residential districts on weekends

still to needs to be studied.

On the basis of the above and taking into account that in 1999 water consumption per
one citizen of the city decreased, in 2000, proposals on Riga water resources operation

from 2000 — 2005 (Table 1) were approved.
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Plants development prospects for Riga groundwater

In this thesis the development prospects of groundwater for Riga water supply are based
on earlier studies about available groundwater resources for the city [3,4]. In the future
for Riga water supply the confined aquifers (Devonian water horizons) should be
preferred to unconfined ones because they can provide better quality and higher safety
of water. Taking into account the forecasted water consumption (maximum daily
consumption - 225 000 m®) and hydraulics of the existing water distribution network in
the city it is proposed that 50% of drinking water is supplied from groundwater sources

and 50% from surface water sources.

Table 1

Water quantity necessary for Riga (in thousand m® day™)
at days with medium water consumption

Name of the plants YEAR |
2000 2001 | 2002 | 2003 | 2004 2005
Daugava 95 92 115 | 115 115 100
R68| R68 | R105 | R105 | R 105 120
Zakumuiza 28 | 28 28 28 28 43/25
Baltezers 45 45 25 25 25 25
R20 | R20 | R20 R20
Baltezers-II 18 18 | R18 | R18 | RIS RIS
Baltezers-I 9R9| 9R9 | 18 18 18 18
Rembergi RI14| R4 14 14 14 14
Gauja-1 R37| R37 S S N N
Gauja-eksp. S8 S S S N S
Katlakalns 8 8 S S S S
200 | 200 | 200 | 200 200 200
Total amount of water |Ry 68| RV 68 |RV 105|RV 105| RV 105 | RV 120
supplied and production | pp 5ol Rp 6o | RP38 | RP38 | RP38 |  RP 43
reserve
R128| R128 | R143 | R143 | R 143 R 163

Legend:

RV —surface water plant productivity reserve;
RP — groundwater plant productivity reserve;
R — total capacity reserve for all plant;

S — plant closed.
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Iron species in groundwater

Groundwater samples were taken from different locations in the Baltezers region. All
water samples were similar in respect to general chemical composition — dominated by
magnesium and calcium as cations and carbonate as anions. The concentration of iron
was in the range of 0.02 - 2.1 mg/l depending on the amount of humic substances and
pH-redox conditions in the groundwater. In anoxic groundwater with a low redox
potential, 81-100% of the total iron was in the form of ferrous species. Ferric iron
dominated only in samples with a high oxygen content. The ratio between ferrous and
ferric iron corresponded to the theoretical rations at given pH and redox conditions. The
suitability of the data acquired is proved also by the observed ferric iron concentration —
0.02 mg 1!, which corresponds to the maximum three-valent iron compound solubility

in slightly alkaline water.

Ultrafiltration of water samples showed that in all water samples, both ferrous and ferric
iron was in the dissolved form. Unfortunately, this speciation method did not
distinguesh between dissolved free iron species (iron, hydroxyl complexes etc. ) and
humic-iron complex. In previous studies where different speciation methods were used,
it was found that in Baltezers groundwater [5] about half of the iron was bound to
humic substances forming low-molecular humic-iron complexes (<10kDa). Therefore,
it could be assumed that in the studied groundwater, due to a high amount of humic
substances, a part of iron existed as low-molecular iron-humic complexes (passed 0.01
um pore filter). This assumption was also confirmed by colour (absorbance at visiable
light) measurement. After filtration of sample though a 0.01 um pore the filter colour
decreased from 80 to 30 degrees (platinum — cobalt units). As there is linear correlation
between colour and humic concentration it could be reasonable to assume that the
filtrate contained humic substances which are forming complexes with iron.

There was no significant decrease of iron concentration with a decrease of filter pore
size. A lack of such a is usual observed in pristine groundwater from deep anaerobic
aquifers; however it was somewhat unexpected for shallow groundwater with high
amount of humic substances. Conventionally it is assumed that groundwater contains
iron complexes with high molecular weight humic substances, mainly in the form of
colloids (0.01-0.45 pm). Our results showed in contrary showed that the iron-humic

complexes have a low molecular weight, and most likely are dominated by fulvic acids.
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Iron and manganese removal from groundwater

The aim of this study was to evaluate the efficiency of direct aeration-filtration methods
for removal of iron from groundwater with a medium iron content and removal of iron
and manganese from groundwater with a low iron and medium manganese
concentration. For this purpose a scale pilot plant study was carried out during one year
at the Baltezers plant. The pilot plant consisted of two parallel lines. The first line in
which biological processes were dominating, consisted of a reactor filled with plastic
matrix followed by a slow sand filter. The second line (assumed that surface catalytic
processes are dominating) consisted of filters (filled with sand or anthracite). Only
aeration was used before water was treated at the plant. The plant was installed at two
sites. At the first site water was abstracted from a deep aquifer which contained
groundwater with medium iron (about 0.8 mg 1) and low manganese (about 0.1 mg 1™")
concentration. At the second site artificially recharged groundwater from stock well at
the siphon system at Baltezers plant was used. This water contained low (about 0.3 mg
1) iron and medium (about 0.25 mg I'") manganese concentration. Artificially
recharged groundwater contained only little amounts of ferrous iron due to its oxidation

to ferric form during water transport in a vacuum line.

In the first line, in which biological iron removal processes were dominating, maximal
treatment efficiency of >95% was reached after about one month. In the second line, in
which surface catalytic processes dominated, maximal removal efficiency was reached
more rapidly, but the removal process was less stable in respect to produced water
quality. Effective removal of manganese in both lines was observed soon after startup of

the pilot plants.
Regeneration of wells

According to the developed technology in this study the regeneration of the wells was
carried out in two stages- mechanical cleaning and chemical cleaning. In this study iron
brushes used for mechanical cleaning were supplemented with cutting devices which
impoved removal of solid deposits from the well casing and screen. This approach
considerably decreased the thickness of the clogging layer in the casing part of the well

(Figure 2) leaving intact only 2-3 mm.
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Figure 2. One of the wells (no. 43) after mechanical cleaning at Baltezers groundwater

The deposits from the largest parts of the well screen were also removed. Some of them
accumulated in the bottom of the well. The section of the screen between 19 — 23.6 m
was severely corroded and was therefore it collapsed during the cleaning. Only the
ceramic filter remained in this section. Pumping after mechanical cleaning showed that
the total well yield increased from 7.1 to 10 1 s (1.4 times). Given that the clogging
layer was not removed completely this was considered as a significant increase in well

efficiency (Table 2).

Table 2
Results from pumping tests for a well (no 43) at the Baltezers plant
Parameters Results Before After After Efficiency
in 1962 cleaning mechanical cleaning
cleaning with HCI
Well yield, 1s” 8.8 7.1 10.0 10.77 1.5
Groundwater static
level, m 5.7 4.76 4.76 4.76 -
Groundwater
dynamic level, m 7.95 10.42 11.97 8.56 -
Well drawdown, m
2.25 5.66 7.21 3.8 -
Specific well yield,
1s'm’ 3.9 1.25 1.39 2.83 2.26
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Chemical treatment with a 5% HCI solution increased the total efficiency of the well
production. The chemical composition of produced water was not affected significantly
by the cleaning procedure. Iron content after mechanical cleaning was 0.83 mg 1", but
immediately after chemical treatment — 1.04 mg 1. During next tree days of pumping,
the iron content decreased very rapidly and remained in the range of 0.26 — 0.38 mg 1"
The results showed that, without gravel packing around the well filter, the well was
rapidly polluted with iron and calcium deposits. In some wells clogging layer reached
up to 80 mm thickness (Figure 2) or completely blocked it. As a result of the study a
new cleaning technology with mechanical and chemical regeneration with 8% sodium

dithionite (Na,S,0,) was developed. However, it was not possible to recover

efficiency of wells with an age of more than 15 years. For these wells it appears that

drilling of new wells is a cheaper option rather than their regeneration.

Development of a new well construction

In this study a new design well was developed with a lower potential of clogging. It
was assumed that the wells should be built of materials with electrostatic potential that
do not stimulate electrochemical corrosion processes and are resistant to formation of a
clogging layer. Polyvinylchloride (PVC) pipes were selected as the best material for the
pipe of wells. The screen of the well was coated with gravel packing of diameter 1000

mm. The design of the new well is presented in Figure 3.
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Figure 3. The design of a new type of well at the Baltezers groundwater plant connected

to a vacuumed water collector

Diameter of filter pipe is 250 mm. To increase well yield, the screen should be

constructed as long as possible. The screen length is calculated according to the formula

developed by S. Abramov [6]:

L2  >iiam
z-DV,-Z

where: Q — design yield of the well (0.04 m*s™);
D — filter diameter, taking into account gravel packing (1 m);
V, - water flow rate at the inflow to the well filter .

1% =196VGE-——L—-=01xnz4ms*;
? 86400

K — permeability (30.24 m dnn™);
Z — ratio depending on maximum flow speed, assumed as 0.9 [ 7 ];

Water drawndown in well (S) was calculated according to the V. Theis formula [ 8 ]
S = QW) =3.42m,
4rz-T
where: O — yield of well (0.04 m3s™);
T = K M - transmisivity
K — permability (0.00035 ms™);
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M — aquifer bed thickness (assumed 15 m);
W(u) — the well function - 5.64 accordingto[ 7,9 ]

Specific yield of the well was determined using V. Juhna empirical formula:
O=7n-K-D-1=0.01422m’s"' =142 [-s™" -m™,

where O — well specific water yield, m* s’ m™;
K — permeability, ms™;
D — filter diameter with gravel packing, m;
/ — screen length.

It was assumed that due to mutual influence from other wells, water yield decreases by
19%[9]
O, = 11.6-1-s7"-m™.

Comparing well yield determined according to the V. Juhna formula with that measured

in the field, the results were significantly similar: 11.6~11.91s" m™

In 2001, the first new construction well was installed at the Baltezers groundwater plant.
There were 23 wells built by the year 2003. Drilling was conducted using rotary boring
and the reverse rinsing technique. Wells were rinsed using clayed and clean water. PVC
pipe of diameter 250 mm was built into wells to which a screen with perforation 1 + 2 x
20 mm was welded. Perforation occupied 40% of the screen surface. Perforation started
at a depth of 12 m from the earth surface. Filter packing material consisted of two layers
of selected sizes gravel. Medium particle size (d50) of the gravel was chosen depending
on the particle size of the aquifer material. e.g. in well no. 142 the outer layer consisted
of gravel with d50 = 0.63 mm whereas the d50 of aquifer material was 0.25 mm. This
ratio was less than recommended by other researchers (1 : 5) [9], but we found that a
smaller ratio allowed to keep ferric oxides from entering the well filter and clogging it.
The thickness of the outer layer was 250 + 300 mm. The inner layer of packing material
consisted a gravel of particle size (d50) from 1.7 + 2.0 mm and thickness 100 + 150
mm. Packing was conducted using sinking pipes, which after introducing gravel around
the filter were taken from the well.

The well construction was adopted for use not only for a vacuum (siphon) system but
also for wells with a submerged pump. The latter has several advantages compared to a
vacuum system. Most important, it allows to increase the yield to maximum which is

not the case for a vacuum system, the yield of which is limited by a negative pressure of
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-0.04 = 0.06 MPa. By using submerged pumps it is possible to decrease the number of

wells.

The well designs for vacuum and submerged pump wells are similar except for some
details (Figure 3). In the latter the submerged pump with capacity about 30 ~ 40 1 s and
actual pumping head of 15 m should be installed in the well. One direction valve, slide-
valve and metering device should be built in a 150 mm diameter pressure pipe. The

electrical system and control equipment should be mounted in the well head.

Calculation showed that the specific electrical power consumption for pumping 1 m® of
water from well to booster station using a submerged pump system is cheaper than

using a vacuum system:
0.0470 < 0.1465 kWh m™

According to calculation, replacing the existing vacumm system with a submerged

pump system would allow to save about 950 thd. kWh per year:

P = (0.1465 — 0.0470) - 9570125 = 952227 kWh per year " .
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CONCLUSIONS

1.

The average daily water consumption in Riga City in 2010 will be 200 thd m’,
maximum — 225 thd m’, with a total yield of 280-300 thd m® day™. In the nearest
10-20 years, a significant increase of water consumption is not likely. In case of an
emergency at the surface water treatment plant Daugava, the required water amount
for Riga could be provided using only groundwater resources. It is possible to
increase the rate of groundwater usage for the drinking water supply of Riga. It is
necessary to carry out reconstruction of the Zakumuiza groundwater plant. There is
a need for further research about groundwater resources and they quality in the
Baltezers district. More research is also need on treatment process taking place in
the course of artificial recharge of groundwater. For this, the network of control
wells in the area should be extended. A pollution migration model should be
developed to make it possible to control and forecast water quality in the areas of
the Baltezers and Baltezers-II plants. Until 2010, the optimal ratio of surface water

and groundwater for the water supply of Riga city should be 50/50.

Groundwater in the Batezers region contains on average 0.4 mg 1" of iron and
0.25 mg I"' of manganese. If used for drinking water production groundwater should
be treated to remove iron and manganese. In the study area groundwater contained
organic substances in concentrations which sequestered some of iron into dissolved
form (as complexes with humic substances), even in aerobic conditions. A large
portion of ferrous iron is oxidized, forming colloids, during groundwater transport in
the Baltezers vacuum pipe. Direct aeration and filtration methods can be effectively
used for producing good quality drinking water from groundwater with medium

iron and from groundwater with low iron and medium manganese concentrations.

Regeneration of existing wells could be effectively carried out by mechanical
and chemical method using wire brushes and 8% sodium dithionite (Na,S,04). With

this approach it is possible to increase the yield of wells for 1-5 times.
It is recommended to expand the Baltezers groundwater plant by building new

wells using PVC pipes with a large water yield (60 — 90 m® h™). For determination

of yield of well, I recommend to use formula the Q =nk D I.
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5. At the Baltezers plant, alternative system with submerged pumps is cheaper than
the existing vacuum system. Calculations showed that the cost for abstracting and
transporting groundwater to a second boost station are 0.0018 Ls m™, and 0.0056 Ls

m” for submerged pump and vacuum system, respectively.
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