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Abstract. Preservation of groundwater resources and impremerof its quality are the main environmental
problems of urbanized territories. The increasiedgls of pollution reduce the number of surfaceewagsins

suitable for aesthetic and recreational purposeseier,

processes taking place in the small thasins dete-

riorate the groundwater quality. Meanwhile the grwater and interstitial water of small river basmepresent

the main resources of drinking and technologicatwa

Atmospheric water infiltration depends on the litgdical composition of deposits. It is determineg b
analysis of geological and geomorphological magbsraaterial from the boreholes in the studied ar€hs.data
from boreholes also is informative about the gravetér table and chemical composition of infiltratedter.
Water samples for quality assessment are taken thhertopsoil (for determining the background), frime sub-
soil layer and from the aeration zone at 1 m irglsndown till the depression zone. Also water sanipltaken
from the upper horizon of groundwater. A systentysimeters and piezometers is necessary for obsenvaf
water quality fluctuations and vertical groundwatale fluctuations in the course of time. Also Hystem of
lysimetric boreholes allows recording and mappifgpatial fluctuations of the mentioned parametéhe arti-
cle introduces methods of drilling lysimetric booés of original construction and development asel of long-

term water quality observation system.

Keywords: river catchment, infiltration, lizimetric boreholgroundwater fluctation.

1. Introduction

environmental degeneration processes deteriordting
groundwater quality are taking place in the smadem

The economic activity is responsible for substdntiabasins. These negative trends became especiallpusbv

changes of water balance in river basins. Theseegees
are especially obvious in the small river basinsegh
fluctuations of precipitation, transformation oftlampo-
genic relief and changes of land use structurecadlgi
affect the groundwater resources. The rainfall wisfd-
trating the groundwater discharge is responsitievigter
volume in large and small rivers, amounts of groueier
and interstitial water and their safe yields. #ndition
water, which never is distinguished for good qyaktup-
plements the groundwater aquifers. Groundwaterogxpl
tation is especially intensive in urbanized subaorteri-
tories and is responsible for reduction of watqdies in
small river basins. The reducing supplies of graueter
are especially obvious in the Lithuanian cities qured
ripheral parts of cities where intensive expansibarban
areas takes place. The ever increasing groundvexter
ploitation reduces the number of surface bodiewaier
suitable for aesthetic and recreational purposesebler

at the end of the 20th—the beginning of the 21stwees
(Baubinas, Taminskas 1998; Kamhs 2007).

Analysis of water samples provides information
about the momentary state of hydrogeological amhih
cal conditions at the studied point. A properlyfpaned
analysis provides data about the source and degfree
pollution and allows forecasting the possible ouotes
(Christine et al. 2010; Klizas 2007). It should t=
minded that hydrogeological and hydrochemical condi
tions in the underground hydrosphere are subjespés
tial and temporal fluctuations and that groundwadgre-
sents a dynamic system. For this reason, frequeificy
sampling and arrangement of monitoring points dier
studied territory should be well considered andetdasn
possibly accurate and all-round assessment of giealo
and hydrogeological conditions. This also is impnott
attempting to distinguish between the actual hyleoai-
cal fluctuations and imaginary ones occurring assalt
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of sampling, storage and analysis errors. Everyd fie and extrapolated data from the closest meteoradbgic
measurement or water sample taken for laboratory exstations. It is rather problematic to evaluateah@unt of
amination also must characterize a concrete pofnt ceffective precipitation predetermining the factwehter
monitoring network. Often, emphasis is placed oe thsupplies of river basins. For this purpose one nigst
importance of mere quality control and preservationaware of the extent of retention an interceptioesiBes,

Nothing can be better than good quality samplesfigfdi

evaluation of evaporation in the small river basias

measurements in situ (Groundwater... 1999). The maiguires individual field investigations.

goal of monitoring is to determine the actual valoéthe
processes taking place in the hydrogeosphere uradar
ral conditions. Establishment of monitoring poirtts
smaller or greater extent deform these natural itiond:

Infiltration properties of surface deposits areimn
portant factor predetermining the groundwater segpl
Large-scale (1:10 000) lithological and soil mape a
helpful for evaluation of deposits (Baubinéierat al.

the natural texture of deposits and water imperheeab2002).

layers between aquifers are disturbed, the groutetwa

horizon is directly connected with the atmospherte,
Besides, certain conditions develop in the conpexnt
between the deposits and wall of observation painése
circumstances are responsible for the deviatiohsédsn
the factual conditions in the hydrogeological layand
their values measured in the observation point. dehnéa-
tion value depends on many factors: technologybseo-
vation point installation, constructional desigeptpgical
and hydrogeological conditions, scale and type afup
tion of the underground, etc.

The precipitation infiltration conditions are prede
termined by horizontal and vertical distributionsafrface
forms in river basins. Surface inclination is orfetlee
main indices affecting the infiltration of rainfallater.
Even a small slope angle accelerates the direcndow
slope runoff of rainfall water and reduces its lirdition
(Baubinier¢ et al. 2002).

Land use structure is one of the anthropogenic fac-
tors that predetermine the infiltration conditiansa ba-
sin and affect retention and interception of pri¢atfpn.
The land use structure is evaluated using topoggaph

Practically any tool allowing measuring the indica-maps at a scale 1:10 000 and digital databasegofCar
tive parameters of groundwater state is suitable fographic Data Base... 2009; Colourful Raster DatseBa.
groundwater monitoring (Klimas et al. 2003; Kevin 2009; Data Base of the Cropland... 2010).

2000). The most popular tools are: soil lysimelsdro-
physical test pit and lysimetric borehole. The psx of
establishing an observing point always takes tvages.
The first stage includes a survey of geologicatisaat a
chosen point and the second is represented bylatsta
of the point itself. In the first stage, a precgplogical
section is made: core samples are taken by driling
geophysical investigation (diagraphy) is carriedl iatthe
borehole for reliable identification of the geologji sec-
tion.

Lysimetric boreholes were chosen for empirical
groundwater level and quality investigations. Thias
predetermined by a few reasons:

1. Lysimetric boreholes entail least deformatiofis o
the natural state of deposits and groundwater.

2. Conditions for unified observation are created i
dependent on the bedding depth of groundwater.

3. Simple technical means and small physical effort
allow reaching the greatest depth.

A manual helical drilling device designed by A.-Lit

The aim of the present investigation is to work outvinaitis was used for making boreholes. The diilik-
methodical principles for evaluation of groundwatercludes drills 80 mm or 160 mm in diameter and dit

qualitative and quantitative fluctuations based tbe
methods of empirical observation and cartographaiya
sis.

2. Methods

tenders. With the aid of this device it is possitalarill a
borehole 7 m in depth. Using special extendersaimds
and loam soils the borehole even may be deeperoknr
tion of drills, a 4 AG petrol engine was used. {ad lift
winch (with lift force of 320 kg) was used for lifg the
drills.

Quantitative groundwater assessment was based on The studied river basins were mapped for even net-
evaluation of a few environmental components in théVork of boreholes. The boreholes were spaced 1@m p

small river basins (precipitation, evaporation,ctisrge,
surface relief, deposits and land use structurkis kind

of assessment employs empirical formula defining t
guantitative values of the mentioned componentg: R

gional and local features of the small river bagins an
important factor. Unfortunately, their determiniofien is
a problem.

pendicularly to the bank. The first borehole wasated
in the river bank and followed by two intermedibtare-

hhoIes and the last borehole outside the waterdsazdne

(Fig 1).

For determining the water quality, the samples were
taken from the topsoil (for determining the backard),
from the subsoil layer and from the aeration zon# m
intervals down till the depression zone. The follogv

The amount of precipitation in basins was evaluategy qrochemical parameters were analysed: biogente-ma

in a few aspects: quantity, duration, intensity dret
guency. The evaluations were based on the integzbla

rials (ammonium, nitrates, nitrites and phosphates)
and the content of oxygen.
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taken. The experiment was carried out in the summer
autumn period of 2010.

Fig 1. Scheme of boreholes places (a — groundwater zone,
b — groundwater table, c — aeration zona, d —eglad li-
simetric boreholes)

The water for rapid performance of environmental
tests using portable photometer Hanna HI83206 was e
pressed out by a special soil press from depafs lup
by drill vanes. The soil press constructed by Avibaitis Fig 2. Principle scheme of lizimetric borehole (1 - dail
is designed for extraction of moisture from sotér on, yer, 2 — zone of aeration, 3 — groundwater layer,plpes
the water quality was evaluated by chemical anglysi ~ @nd piezometer chamber with cover, 5 — insulatioget
methods. The gravitational and capillary water froma 6 — pipes and piezometre, 7 — insolatin layer,desiroed
deposits was extracted by a hydraulic press weigBt sediments laye, 9 — reservoir with cather and qover
(the pressure in the cylinder reached 58.5 MPa).

Water samples for laboratory analysis also were co
lected from lysimetric boreholes. The mouths of the

boreholes were mounted in such a way as to prexent . . . S . L
y b ics related with climate oscillations were inveatigd in

cess of incidental pollutants into the boreholeig (&). . g : .
The mouths of the boreholes were covered with gspeci f[he basins of 11 small Neris River tributaries (B)gThe

. . ) influence of the annual amount of precipitation ama

nmuamng(;? ;ﬁ;'séggiag £?;Z?néﬁrllégngse' vl—:;t?er?ld;]ehtolong intensive rainfall on forr_nati_on of water supplwas

Is. Gravitational forces pushed the water flothe evaluate_d. During the Investigation, Fhe cllmatea_dmm
:j??encfﬁor; of smaller pressure pThe water was ctilbin the V|In|us_ meteorologu:_a! station, lithologicakilsand
: . o topographic maps and digital databases were used.
filtrate reservoirs spaced in the boreholes ever/ metre
till the groundwater table. The impermeable layander
the reservoirs limited the possibility of water paation
into deeper layers. Each reservoir had 20 mm thilieks
with gravel filling mounted above. The size of filkng
grains depended on the granulometric composition of
deposits and determined interlayer coefficient (G
water... 1999) at a ratio 7/15.

|3. Results and discussion.

In 1998-2010, the infiltration conditions and dyram

Investigated

Dans
E= 80filler (1)

DSOsedment

oyuDIASIUD

The parts of the boreholes above the mouth and the
filter were filled by deposits lifted during the iling
process. The reservoirs were connected with théh ear
surface by PVC tubes 4 mm in diameter. They peréarm
two functions: filtrate sampling and reducing pressin
reservoirs.

A sandy area undisturbed by human economic activ-
ity on the Zeimena River bank 1 km above the dusin
River (Vilnius District) was chosen for field exjraents. Fig 3. Investigated small rivers
The filtrate for laboratory examination was takenau- The investigation showed that in the small river ba
tumn. Before sampling, the reservoirs of lysimeb@e- g from 0.5 to 3 million mof water annually merge
holes were emptied and samples of new filtrate wergiy the groundwater discharge (Table 1). The arsoah
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water are closely linked with basin size, type epdsits, evaporation takes place in the forested Antawdhd
morphological indices of the surface and land usgécs VerZuva basins.
ture (Table 2). Lysimetric boreholes were installed in a sandy area
The most favourable natural conditions for directundisturbed by human economic activity on the Zaiane
surface runoff are characteristic of all observedals  River bank 1 km upstream the JusRiver (Vilnius Dis-
river valleys and sub-valleys with rugged reliebwer trict). The boreholes were spaced perpendicularlyhe
reaches of Zalesa, Kuna and VeskiiThe most intensive bank (Table 3). The analysed hydrochemical parasiete
surface evaporation takes place in agrarian teieg#o included: ph, oxygen and biogenic materials (ammnoni
(middle reaches of Zalesa and Kuna Rivers). Thekesta nitrates, nitrites and phosphates).

Table 1. Phreatic water amount in small tributaries catamsef the Neris River

River Catchment area, km2 Annual amount, m3 Ulterrainfall amount, m3
Gnesvianka 8.87 2 570 000 97 800
Cedronas 7.26 902 000 34 000
Karklé 9.20 3000 000 14 000
Legot 10.6 3 540 000 11 000
Gag 6.16 1 780 000 68 000
Vaisdvile 10.75 3000 000 100 000
Vilnoja 8.14 2 350 000 75 000
Kuna 14.03 7 830 000 109 500
Murlé 8.40 580 000 83 000
Girija 11.12 1 960 000 59 000
Upek (Kaireng) 9.22 1 880 000 71 000
Salot 8.50 191 000 31 000
Antavilé 6.88 3990 000 20 000
Verzuva 18.30 10 614 000 58 000
Verke 10.7 9 800 000 39 000

Table 2. Lithological and land using structure in smabtriaries catchments of the Neris River (%)

Sediments Land using
River sand sandy | loam | peat| clay] forests grassland arable urbanizevater
loam territories
Gnesvianka 10 24 31 17 23 14 46 36 3 1
Cedronas 45 - 65 - - 25 12 - 62 1
Karklé 32 - 68 - - 16 70 9 5 -
Legoe 8 10 52 12 18 21 30 45 5 -
Gag 81 11 - 8 - 25 30 37 8 1
Vaisvilé 11 16 69 4 - 7 82 6 2 1
Vilnoja 39 6 51 4 - 25 70 4 1 1
Kuna 5 - 55 - 40 55 30 15 5 -
Murlé 3 26 58 11 2 13 49 14 24 -
Girija 3 63 19 10 5 27 41 31 1 -
Upek (Kairéné) 80 - - 20 - 44 16 24 24 1
Salo¢ 84 12 - 4 - 32 38 11 18 1
Antavilé 82 6 - 12 - 48 14 12 22 4
Verzuva 79 9 - 12 - 52 16 7 24 1
Verké 46 13 23 18 - 44 12 2 38 4

The ph of infiltrate and groundwater in all layersgen increased after rainfalls. The concentratidnano-
remained stable throughout the investigation peridee ~ Monium compounds in the infiltrated evenly changed
concentrations of dissolved oxygen ranged depenoing with depth: from 1.8 mg/l in the soil water andlie sub-

) . . soil to 0.5 mg/l in the groundwater. A 10 % increas
the depth: from 9.9 mg/l in the upper layers to@g in the concentration of ammonium compounds was ob-

the upper groundwater layer. The concentratioroxgf served in all lysimetric boreholes at a depth of &
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Lysimetric boreholes as observation points are most
suitable for the described type of investigatiosstlzey

Table 3. Parameters of lizimetric bore holes least contribute to deformations of the naturatesiaf
Distance | Ground- | Changes of| Amount of deposits and groundwater, offer identical obseovati
from water ta- | groundwater| reservoirs con(_jitions independent of the depth and are easdyu-

bank, m | ble deep, | table deep in ally installed. o .
m observation Analysis of hydrochemical indices of rainfall water
period, m infiltrated water and groundwater showed that aygbr
> 05 0.15 1 genic ch_em_ization and_ a_tmospheric pollution prodace
10 55 0.15 > suk_JstantlaI impact on mﬂ_ltratg and groundwateleav-
0 45 0.20 2 whllg determining the migration patterns of polhta
20 5'0 0.18 5 requires a longer o_bserva_uon time span and a great
200 6'5 0' 15 6 number of observation points in different naturavie

ronments.

The concentrations of nitrogen compounds in the inReferences
filtrate showed no extreme values over the wholtice

of aeration zone. Their temporal and depth vamatio g pinas, R.; Taminskas, J. 199@ariné gamtonauda Lietu-

r_anged between 0.4 and 6.2 mg/l. The higher coraent voje sovietmdiu: ekologires pasekws [Military natura
tions (up to 7 mg/l) only were observed closerti® $ur- using in soviet-time Lithuania: ecological sequesic¥il-
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for not only by agricultural activities but also thjgh jos institutas. 2060 p. ISBN 9986-953-07-3.
concentrations of nitrogen compounds in the rainfa- ~ Cartographic Data Base of the Lithuanian TopograpMé&P
ter. The concentration of nitrates in some rainwagen- KDBIOLT at scale 1: 10 00@009. Vilnius: GIS center.
ples amounted to 8 mg/l and the concentration aham Christine, L.; Goldstein, K. W. J.; Williard, J. ESchoonover,
nium compounds 6 mg/l S. G.; Baer, J.; Groninger W. and Snyder J.M. 2@kl

. . . and Groundwater Nitrogen Response to Invasion by an
The observation results showed that even without di Exotic Nitrogen-Fixing Shruld. Environ. Qual.39:1077-

rect anthropo_ge_nic loads, the impact of poIIutedi_ren- 1084 (2010)
”?e”t on the mf'ltrat?d water '.and groundwater B8P Colorful Raster Data Bases TOP10LT-SR for the Lithan
ciable. Yet determining the migration patterns ofly- Topographic Map at scale 1: 10 00R009. Vilnius: GIS
ants requires a longer observation time span ajr@ater center.
number of observation points in different naturabie  paa Base of the Cropland Field's Blocks PLB DBL10. Vil-
ronments. nius: GIS center.
] Kadinas, K. 2007. PoZeminio vandens apsauga Eurogos-S
4. Conclusions goje ir Lietuvoje [Protection of groundwater in Bpe
Union and Lithuania]. Geologijos akird@iai [Geology
The most intensive infiltration of rainfall watexkies views]. 2: 60—-66. ISSN 1392-0006.
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