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Abstract. IAEA safety documents (Safety standarts... 1994; 499B099b) recommend assessing the safety
framework of groundwater exploitation in the proityrof nuclear facilities. The main task of thisidy is to assess
the results on the re-calculation of Visaginas tavellfield well protection zones (WPZ), since thé&saginas town
wellfield is installed close to Ignalina Nuclearviky Plant (INPP) site and other sites of existimglaned new
nuclear facilities. The numerical model used instistudy is based on three-dimensional finite-eléntatde
FEFLOW 5.0 which allows modeling of groundwatemiland contaminant transport in a layered three-dgiomal
system. The calibrated model of Visaginas wellfialg¢a simulated the groundwater flow in the Quatsrrand
Upper-Middle Devonian aquifers systems. The evanabf well protection zones for wellfields expioig
groundwater is currently determined by the Lithaaniegal documents (HN 44:2006). As a result of etiod the
groundwater formation sources were specified ameedsions of wells protection zones in sectérsudl 3 were
established. The groundwater modeling resultsisfatudy shows that the third sub-zon® (& WPZ should be 0.6-
1.1 km away from the wellfield fence. The long arisWPZ extends for 4 250 m from north to south &md
approximately 3 250 m from east to west. Visaginelifield capture zone during 50 years operatiomaeach the
site for planned near-surface repository for ractive waste in case of hypothetical very high vieltf capacity

more than 70 000 ffday.

Key words: wellfield, capture zone, aquifer, finite elementsdel.

1. Introduction

In 2002, the Government of Lithuania approved the
adoption of the “immediate dismantling” stratedgr
decommissioning of both Ignalina NPP units. A key
component of this decommissioning strategy is spalse
of operating and decommissioning radioactive waste
(RW) in a near-surface repository (NSR). Except the
NSR other nuclear facilities are and will be ingi@lin
industrial site of Ignalina NPP in course of tinlehe
main facilities are following (Fig 1): existing R¥{orage
facilities, existing spent nuclear fuel (SNF) drprage
facility; planed solid waste management and storage
facilities, planed SNF dry storage facility, planeddfill

facility for short-lived very low-activity RW.

IAEA safety documents (Safety standartsl999a;
1999b; 1994) recommend assessing the safety masfjins
groundwater supply in the areas next to nucledlitias.
The Lithuanian Hygiene Standard (HN 44:2006) oldige
to establish well protection zones (WPZ) of thred-s
zones for wellfields exploiting the groundwateraaes.
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Fig 1. Study area with the sites of main existing and
planed nuclear facilities in the Ignalina NPP irtda$site:
1 — existing operational RW storage facilities; Ryralina
NPP; 3A and B - sites for the planed new NPP; 4 —
existing SNF storage facility; 5 — planed SNF ggera
facility; 6 — planed facilities for the solid waste
management and storage; 7 — planed landfill fstditit
short-lived very low-activity RW; 8 - planed NSR



According to wellfields classification, the Visags Table2. Description of the geologic units forming grourater
wellfield belongs to group dt. The wellfields attributed active circulation zone in the region (Visagino n2003)

to this group are in relatively open multi-layeraguifers | Maximum ) Water bearing
systems, where productive aquifer is confined fitia | Geologicunit i oo ooy Lithology | - racteristics
top by thin, locally spread low permeable layer&eT | Till deposits Clayey and ]
main requirements regarding wellfields of,ligroup Baltija 15 sandy loam Aquitard
protection zones are listed in Table 1. Intertill Interbedded Very minor
deposits 25 sand and aquifer
Table 1. Main requirements of Lithuanian Hygiene Standaki H | (aglllbl-gr) gravel
44: 2006 (HN 44:2006) regarding the wellfields afugp Il," Till deposits 20 Clayeyand |, iarg
S — i Grada sandy loam
15 7, g groups Requirements Intertill
wellfields deposits 23 Intert()jeddgd Very minor
1% sub-zone aglll-ligr- Sa?avgln aquifer
Distance from groundwater | > 10 m md 9
withdrawal installations Till deposits 30 Clayeyand |, iarg
g Medininkai sandy loam
2 _ sub-zone Intertill Interbedded
Boundary for unconfined Travel path length deposits 74 sand and | Minor aquifer
groundwater over 400 days (aglimd-zm) gravel
Boundary for confined Travel path length Till deposits 40 Clayey and Aquitard
groundwater over 200 days Zemaitija sandy loam
39 qub-zone Intertill Interbedded
Boundary for unconfined Capture zone over deposits 93 sandand | Minor aquifer
groundwater (3 25 years (agl-1zm-dn) gravel
Boundary for confined Capture zone over Till deposits 50 Clayey and Aquitard
Dainava sandy loam
groundwater (3 25 years Intertill Interbedded
deposits 128 sand and Minor aquifer
The main task of the present study is applying cgenp (agldn-dz) gravel
code FEFLOW to substantiate the WPZ limitationsxasting Till deposits o5 Clayey and Aquitard
Visaginas wellfield with the maximal predicted (and__ Dzikija sandy loam
permitted) wellfield pumpage rate of 31 008/day and to il Interbedded
answer whether nuclear facilities of Ignalina NRBuktrial underlaying 30 sand and | Minor aquifer
site is out of WPZ of Visaginas wellfield. The masstudy deposits gravel
area was the territory of the Ignalina NPP regidnickvwas (agldz)
. . . Upper- Interbedded
undergone the complex geological-hydrogeologicgbpimeay Middle sand. weak
at a scale 1:50 000 and which was attributed tangleater Devonian cemented . '
flow modeling of 2003 (Visagino m... 2003). terrigenic 136 sandstone, | Major aquifer
formation aleurollite
2. Methods (D3z+8v-up) and clay
Middle
The geological settings, geomorphologic and other Devonian LT;‘;rbngeeS _
features allow distinguishing two aquifer systemsthie carbonatic 80 dolomite and| ~ Aduitard
groundwater active circulation zone of the regitme formation domerite
Quaternary aquifers system and the Upper-Middl (Bor)

Devonian aquifers system (Table 2).

In a regional context, the Quaternary aquifer syste
that contains unconfined aquifer and a series afi-se
confined and confined aquifers attributed to itet&posits
of different interglacial periods is the first walearing
hydrogeological system from the top in the IgnaliaP
region. In the present study, the two uppermostépaary
aquifers are treated as semi-confined due to eensmall
height of hydraulic head above the top boundarythef
aquifer. The remaining four Quaternary aquifers ar
confined with hydraulic head clearly above theliopndary
of aquifers. The Upper-Middle Devonian aquifer egsis a
classical confined system with high hydraulic heddve
the top boundary and is composed of many sub-layers
different hydraulic conductivity.

To implement the finite-element model based on
FEFLOW, the territory of complex geological-
hydrogeological mapping survey at a scale 1:50 000
completed in 1995(ruer 0... 1995) was discretized into a
finite-element grid with 150 318 mesh elements mimimal
step of 20 m in the areas close to the Visagindifieleeand
with the maximal step of 1200 m in the domain peri.
The domain area was of 1300%mhhe model was vertically
discretized into 7 active layers as was derivednfriie
regional hydrogeological features (Visagino m... 3003y
2, Table 3).

Here we briefly discuss the formulation of boundary
conditions specified in the FEFLOW code. Differgmtes of
boundary conditions may be expressed by the differe
equations (Diersch 2002).
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Table 3. Hydrogeological schematization of the studiedaedor groundwater flow modeling

Observed hydrogeological features Schematlied hydrogeological
eatures
Geologic unit Lithology Water begm_ng Simulated Water begm_ng
characteristics layers characteristics
Unconfined aquifer Various Ve;é/u?ér;or 1 layer Unconfined aquifer
Till deposits Baltija Clayey and sandy loam Aquitar
Intertill deposits (aglllbl-gr) Interbedded sand and  Very minor
gravel aquifer
Till deposits Giida Clayey and sandy loam Aquitard 2 layer Low permeable
Intertill deposits aglll-ligr- | Interbedded sand and  Very minor
md gravel aquifer
Till deposits Medininkai Clayey and sandy loam Aqudl
Intertill deposits (aglimd- Interbedded sand and . . Confined aquifer
z Minor aquifer 3 layer .
Zm) gravel agllimd-Zm
Till deposits Zemaitija Clayey and sandy logm Agrdt 4 layer Low permeable
Intertill deposits (agll-1Zm- | Interbedded sand and . . Confined aquifer
Minor aquifer 5 layer .
dn) gravel agll-1Zm-dn
Till deposits Dainava Clayey and sandy logm Agditar 6 layer Low permeable
Intertsill deposits (agldn-dz Interbeg?a?/delsand and Minor aquifer
Till deposits Dzikija Clayey and sandy loam Aquitard
Till underlaying deposits Interbedded sand and . . Main confined
(agldz) gravel Minor aquifer 7 layer aquifer
Upper-Middle Devonian Interbedded sand,
terrigenic formation (B,,Sv- sandstone, aleurolite| Major aquifer
up) and clay
Middle Devonian carbonatiq Interbedded_ clay, Regional Lower Not permeable
X clayey dolomite and . model
formation (Bnr) . aquitard
domerite boundary

For the Quaternary aquitards there were &&tkind
boundary conditions for all simulated layers,

(impermeable boundary). The same boundary condites modeling case.

also set within those boundaries of the modelhénUWpper-
Middle Devonian aquifer, coincident with the growader
flow path lines. In the remaining lateral boundgrief
productive aquifer, the"kind boundary condition was set.

The upper or surface boundary of the aquifer system

is usually the most complex and was specified"a&ifd
boundary condition — water level of the lakes anérs
and the variable recharge rate.

The lower boundary of the model is the top boundary
of the Middle Devonian (fr) regional aquitard with the
boundary condition Q=0. The operation wells ofpheduc-
tive Upper-Middle Devonian aquifers system are &ieal
as 4' kind boundary condition. They represent time \zeia
pumpage rates from Visaginas wellfield (Fig 3). Migatu-

res of model implemented by FEFLOW are described in

Table 4.

Hydraulic parameters of aquifers and low permeable

layers derived from groundwater flow model caliloratare
presented in Table 5.

In the present study, the main calibrated parameler
ues from the (Visagino m... 2003; Lietuvos pozemsin
2004b; Supplemented Environmental... 2007) for greund
water flow modeling by FEFLOW code have been uBed.
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particular sites related to different activitieslgialina NPP
Q=Cthe parameters where they do exist were includediesent

Table 4. Features of the FEFLOW numerical model for the
domain of Visaginas wellfield

Feature Characterization
Problem class Separate flow process
Time class Transient (unsteady) flo

<

Time stepping scheme

Adams-Bashforth/Trapezoi

[oN

rule predictor-corrector

Vertical exaggeration 1:1
Problem measure 49519.34 m
Number of layers 7
Number of slices 8

Type Saturated
Dimension Three-Dimensional

Element type

6-noded triangular prism

Mesh elements

150 318

Aquifers

Confined

Error tolerance

11102 applied to Euclidian

L, integral (RMS) norm

Maximum number of

. ) . 12
iterations per time step
Adaptive mesh error 10102
A posteriori error estimato Onate-Bugeda algorithm
Mesh nodes 86 576
Mesh optimization not done
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Table5. Hydraulic parameters of aquifers and low permdablas
derived from groundwater flow model calibrationg&fiino m...

2003)
Aquitards Hydraulic conductivity, m/day
Prevailing Closeto INPP
area and wellfield
Between unconfined " 2 o
aquifer and aglimd-zm 1-10°-810 4-10
Between aglimd-Zm vy 4
and agll-1Zm-dn 110°-110° 100
Between agll-lzm-dn 71051103 110%
and D;,,8v-up
Aquifers Prevailing Closeto INPP
area and wellfield
Bereen unconflnevd 15-10 2.7
aquifer and aglimd-zm
Between agvllmd-zm 2.4 4
and agll-1Zm-dn
Between agll-lzm-dn 55 55
and D;,.8v-up

In the FEFLOW code dimensionless storativity
parameter is used which reflects approximatelyatindfers
compressibility measure and is expressed as tlhigirof
specific storage and aquifer thickness (Table 6).

Table 6. Additional parameters used in model case (Visagino
2003; Lietuvos Respublikos... 2004b; Supplementedr@mwental
... 2007)

2.9E+04

Model Bulk
_|1 L /| By | 7 | 3 Aquifer layer Storativity Porosity | density,
No. glent
[mm |s[ mm |s Unconfined |~y 02 02 | 21214
groundwater
Fig 2. Finite-element gr.id and simula}ed Iayer; used for Quaternvary 3 0.002 0.1-0.2 21
the model domain of Visaginas wellfield area ingemt (aglimd-zm)
study: 1 — aquifers (in cross-section); 2 — lownpesble Quaternary 0.11-
- . < 5 0.000153 2.1
layers (in cross-section); 3 — number of model lage- (agll-iZm-dn) 013
cross-section line; 5 - wellfield area; 6 - IgnaliNPP site Upper-Middle
Devonian 7 0.000187 0.15 2.3-25
(D3+58v-up)
3. Results

2.5E+04
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Fig 3. Pumpage rate from the Visaginas wellfield in 1978-

2009 (based on the data reported in (Galimpyaidoti...
2005; Vandens sraut. 2006; Lietuvos pozemiés...
20044a; 2005; 2006; 2007; 2008)

The calibrated model of Visaginas wellfield area
simulated the groundwater flow in the Quaternaxy Epper-
Middle Devonian aquifers systems for the modeliegogl
from January 1978 through to December 2009. Infitee
modeling stage, the groundwater flow in steadyestat
conditions, i. e. potentiometric surfaces in alndated
aquifers existed before the operation of the Vismi
wellfield, were recovered. The steady-state paiemiric
surface of the productive Upper-Middle Devonian ifegsi
system is presented in Fig 4. In the second stage,
potentiometric surface of productive Upper-MidlevbDeian
aquifers system for 1987, when actual pumpagdrmatethe
wellfield was maximal (approximately 26 00G/day), was
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restored (Fig 5). During the assessment of the dinph 145
pumpage from the Visaginas wellfield on the grousigw

flow, the steady-state groundwater level from firgideling 1404
stage was specified as an initial head condition.

— Well #2359
—— Well #2357

v b

g 1351

ko]

8

o 130

B

s \ /
\SW=s
120 T T T T T T

1978 1983 1988 1993 1998 2003 2008
Time, years

Fig 6. Simulated groundwater levels of Devonian
aquifers system in Visaginas wellfield during opiera
period
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Model predictions of groundwater flow in present
study were fulfilled for the one Visaginas wellfl@dperation
case, when wellfield is operated with the pumpate of 31
000 ni/day (water demands for first stage of Ignalina NPP
development).The groundwater level in the Uppereiid
Devonian aquifers system in wellfield centre, isecaf the
pumpage rate of 31 00Cdiay, will decrease till the altitude
of 120-110 m a. s. |. The distribution of hydraliieads in
the Upper-Middle Devonian aquifers system for hytica

Fig 4. Simulated groundwater level (altitude, ma.sf.) 0 stress conditions invoked by prognostic pumpagesrate
Upper-Middle Devonian aquifer before Visaginas presented in Fig 7.

wellfield operation (7 layer)
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Fig 7. Simulated groundwater level (altitude, m a. sot.)

Fig 5. Simulated groundwater level (altitude, m a.si.) o Upper-Middle Devonian in Visaginas wg!lfield aréa (
Upper-Middle Devonian aquifer in 1987 (7 layer)t(ad layer) (predicted pumping rate of 31 00@day after 50

pumping rate of 26 000 Yday) years period)

The simulated by FEFLOW groundwater levels a The predicted drawdown (17 m) of groundwater for

selected observation wells in Devonian aquifersesyof ~ UPPer-Middle Devonian aquifers system is less ttign
the Visaginas wellfield area are given in Fig 6. maximal permissible (69.4 m), therefore the satddyof
groundwater abstraction is ensured.
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The backward tracking endpoint analysis based oderived from the FEFLOW simulation in the present
potentiometric surfaces of simulated aquifers iswtine  study, the groundwater flow budget in the Visaginas
tool implemented in FEFLOW software and it was usewellfield capture area formed in the productive Epp
for wellfield capture areas mapping in the presgantly. Middle Devonian aquifer during the 50 years weltfie
The endpoints, wherein the water particles comglet&  operation period is presented in Table 8.
transport path through 25 and 50 years, outlindithiés
of wellfield catchment. Table 8. Simulated by FEFLOW groundwater budget in the

After 25 years operation of the wellfield with the productive Upper-Middle Devonian aquifer for cajgtaone
yield of 31 000 r?‘{day, its catchment boundary for form?ng (_juring the 50 years operation period whésayginas
productive Upper-Midle Devonian aquifer will be &ed wellfield is operated with the pumpage rate of 8D @t/day

at a distance of about 420-640 m, and after 50syea Flux in, m®/day Flux out, m*/day
operation of the wellfield with the same yield -08D140 Total integral flux in 27 000
m from the wellfield (Fig 8). through capture zong Pumpage
Total integral 2300 rate 31 000
downward flux
i Total 29 300

Lake DriikSiai .
The groundwater budget of the whole model domain
for Visaginas wellfield operation case is preseritethe

Table 9.

Table 9. Groundwater budget forming for the whole model
domain simulated by FEFLOW during 50 years openatio
period when wellfield is operated with the pumpaate of
31000 ni/day

Wellfield i Flux in, m*day Flux out, m*/day
Flux through 4770000| Fluxes through 4820000
] outer and inner outer and inner
[ — boundaries boundaries
@l\ /\/“ L 2‘“{‘ Areal fluxs due | 81700 Withdrawals 31000
to infiltration through
Fig 8. Modeled 3 sub-zone of Visaginas wellfield WPZ recharge single wells
(7 layer) (pumping rate of 31 00Cuay) after 25 (black Imbalance 265

lines) and 50 years (grey lines) operation (nudaeitities

in the INPP industrial site are presented in tieIi The main source of groundwater operational yield is

lateral groundwater flux of the productive Upperelie
Devonian aquifer to the wellfield catchment area.the
pumpage rate of 31 000%uay over 50 years, the lateral
flux contributes 87 % of the wellfield yield. Thetal
vertical downward flux from the capture zones ire th
overlaying Quaternary aquifers (agll-IZzm-dn, agltnd,
and unconfined aquifer), which will discharge frahese
aquifers within 50 years, makes 13 % of operatigiwdl.

In order to effectively utilize groundwater flow
modeling results, an understanding of the modeling

Catchment boundary of Visaginas wellfield can
reach the Stabati8ksite for near surface repository only
in case when wellfied is operated with the yieldreno
then 70 000 riday (Table 7).

Table7. Predicted distance from wellfield capture zone
boundary to the the site for planned near-surfapesitory for
radioactive waste site assuming hypothetical yimidlemented
as a single large well after 50 years operatiofoder

‘Wellfidd Distance from capture zone limitations is essential. The groundwater flow miode
yield, m7day boundary to NSR site, m simulates only the movement of freshwater through t
ié 888 122138 Quaternary aquifers and the_ Upper-Middle Devonian
45 000 765 qqglfers floyv system. The implemented models are
50 000 600 limited by simplification of the conceptual model a
55 000 465 complex flow system, by space and time discretizati
60 000 315 effects, by the availability of measurements for
65 000 180 estimating spatial variation in hydraulic propestieoy
70 000 60 limitations in the accuracy of land-surface, walevel
75 000 0 altitudes, top and bottom surface altitudes of fegsiand

aquitards, by the availability of water level measnents

In FEFLOW there are possibilities to quantify thein all considered aquifers, by limitations in thecaracy
groundwater budget, i.e. to compute the water nsass®f pumpage estimates, etc. There are evidencem (fro

entering or exiting the simulated region, sub-ragior  isotope hydrology data) that the unconfined aquified

boundary sections, using budget analyzer optiors. Atwo semi-confined Quaternary aquifers can be diggth
to local hydrographical network (Gruntinio vandens...

132



2005; Jakimandiate et al. 1999;0tuer 0 ... 1995). Gruntinio vandensekmiy Galilaukés aikstedje ir jos apylinkse
Because pumpage from Visaginas wellfield and tyrimai. [Investigations of groundwater flow at the
other operational wells will probably change Galilauke site and its environmégn2005. GGl, Vilnius.
implementing in near future new nuclear activiieghe  HN 44:2006. Vandenvig, sanitarini apsaugos zamustatymas ir
region, consideration should be given to estabiipha prieziira [Establishment of wellfield’'s protection zonesla
technically sound water-use data and water levéh da " smljfvgllance]\/avlst.ybzs Zmlosel_?iz.ﬂ' 8 iy
collection for the whole region to complement thatey ~ Jakimawiute, V., Mazeika, J.; PetroSius, R.; Zuzéus, A.

level measuring effort that has been not reguldaso 1999. Ignalinos AE radioaktyyju atlieky saugykiy
ilgalaikio poveikio gamtiniams vandenims progéaoz

[Evaluation of long-term influence of Ignalina NPP
radioactive waste storage on natural waters]. Mdni
] ] ] Geologija(28): 78-92.

1. The Visaginas town wellfield operates the veryjjetuvos pozemies hidrosferos monitoringas 2004. 2005.

4, Conclusions

productive Upper-Middle Devonian aquifers system th [Groundwater monitoring in Lithuania 2004]. LGT
main water-bearing layers of which are lying ateptth bulletin, Vilnius. 80-81.

of more than 80 m. The overlaying Quaternary agsiife Lietuvos pozemies hidrosferos monitoringas 2005. 2006.
system is composed of 3-4 main sub-aquifers, imetud [Groundwater monitoring in Lithuania 2005]. LGT
the unconfined one. Quaternary aquifers contrittote bulletin, Vilnius. 64-68.

forming the groundwater yield of the main produetiv Lietuvos poZemiés hidrosferos  monitoringas  2006.
Upper-Middle Devonian aquifer at small scale (126 [Groundwater monitoring in Lithuania 2006]. LGT
Operationa' y|e|d) bU”etin, VilniUS, 2007. 62—-64.

2. For stage | of the Ignalina NPP developmentether'—ietuvos poZzemiés hidrosferos monitoringas 2007. 2008.
were explored and licensed groundwater resourcis wi  Leroundwater monitoring in - Lithuania  2007].  LGT
. bulletin, Vilnius. 71-72.
safe yield of 31 000 ffday. It has been agreed by the L Semiss hidrosf L 2008. 2009
regulating institutions and operator that the pugepa Ietu{gfou%%ﬁg;gs mérzﬁirﬁfos irTOCilttr?SQr?iaas 2008]' LGT
rate from the Visaginas wellfield would not exceed bulletin. Vilnius. 44—71 g '
31 000 nYday in the future ’ '
T ) . Lietuvos Zews gelmi raida ir iStekliai Ats red. V. Baltiinas.
3. Based on the Visaginas wellfield prospecting, 2004. Evolution of Earth Crust and its Resources in
exploration and operation data, and data of complex Lithuanid. Vilnius. 700.

geological-hydrogeological mapping survey at a escalsafety standards series No. 111-G-3.1. Siting cdrNgurface

1:50 000, the groundwater flow model including deth Disposal Facilities. Vienna, IAEA, 1994,
representation of Visaginas wellfield site was cetp Safety standards series No. WS-G-1.1. Safety Aswmssfor
already in 2003 (Visagino m... 2003). As a resuithatt Near Surface Disposal of Radioactive Waste. Vienna,

modeling, the groundwater formation sources were  IAEA, 1999a.

specified and dimensions of WPZahd 3 sectors were Safety standards series No. WS-R-1. Near surfasgostl of
established. It was concluded that the wellfield  radioactive waste: safety requirements. Vienna AAE999b.

groundwater yield is formed by lateral very higbvil Supplemented Environmental Impact Assessment Report
rate in the same productive aquifer which governs  Construction of a Near-Surface Repository for Radivac
relatively small dimensions of protection zones. Wastes, RATA, Vilnius, 2007.

4. In 2010, a version of the new groundwater flonded Vanden; sraut ar)aIiZe: ir radio.nuklidq sklaidos pavjréinio
of Visaginas wellfield area was implemented for the  <@Pinyno aplinkoje prognez[Water flow analysis and
NSR site revalidation. The groundwater modelingiltss radionuclide transportprediction at the near surface

. . repository and its environmgn2006. GG, Vilnius.
of the present study evidenced that the previosslise

. . A, Visagino m. vandenvist sanitarids apsaugos zonos
(Visagino m... 2003) are acceptable and justified thed perskaiiavimas ir jos Bkiés jvertinimas (SAZ projektas).

WPZ for Visaginas wellfield complies with Hygiene [Visaginas wellfield protection zone and its state- r
Standard requirements and it should not be changed. assessment (WPZ projgctp003. INPP, Decommissioning
5. Visaginas wellfield capture zone after 50 years  Projects Management Department, UAB “Vilniaus

operation period would reach the site for a neafase hidrogeologija’, 1(2). Vilnius. 249.
repository for radioactive waste in case of hyptitiad ~ OTuer o IpoBeaEHHON KOMIUIEKCHOM Ie0NOro-THAPOre0I0rHIECKOM
very high wellfield capacity more than 70 OO@’dﬁly. U MIKEHepHO-TeoJlorudeckoil cremke Maciuraba 1:50 000B

paiione Urnamsckoit ADC Ha Tepputopun jirctoB N-35-51-
BT, N-35-6B-6,r, N-35-17b, N-35-18A, N-35-17F-a,6, N-

References 35-18B-a,6, B mpenenax JlutBer u  bemopyccun, ¢
JOMU3YYCHHUEM  I'€OJIOTO-THAPOreOJIOrMICCKUX U WHXKCHECPHO-
DierSCh, H.-J. G. 2002WASY Software FEFLOW 5.0 Finite TEOJIOTHUECKUX yCJIOBI/Iﬁ B Ipezenax JlaTBun. (ﬂy}qﬂ;{ﬁcmﬁ
Element Subsurface Flow & Transport Simulation Syste obeext).  [Hydrogeological and  engineering-geological
Reference MannuaWASY, Berlin. mapping of Ignalina NPP area at a scale 1:50 000 in
Galimybiy laidoti trumpaamZes radioaktyvias atliekas Ignasn topographical sheets N-35-5-G-v,g, N-35-6-V-v,g3]N17-B,
AE teritorijoje analiz [Analysis of possibilities for short N-35-18-A, N-35-17-G-a,b, N-35-18-V-a,b (ReporOufikSiai
lived radioactive waste disposal at the Ignalina ac object)]. 1995LGT Archive 4384. Vilnius.

Power Plant sitg 2005. RATA, Vilnius. 32.
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