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Abstract — One of the goal for the preparation of Nemunas the third one. Second, it is difficult to specifyogndwater

RBD management plan is to provide a description afhe current
state of RBD, including the assess of groundwatelistharge into
surface water bodies. Groundwater discharge into stace water
bodies in Nemunas RBD was carried out in four indegndent
mathematical models for individual groundwater bodes (GWB).
Models included shallow groundwater, surface wateand deeper
laying confined aquifers. The obtained results later were
combined. Transmissivity values and recharge ratesfahallow
groundwater aquifer have been revised by mathematat
modelling. Sources of groundwater runoff formation,i. e. an
input of groundwater flow from the unconfined aquifer and
deeper confined aquifers into surface water bodieswere
evaluated. In addition groundwater discharge variaion
throughout the river length was itemized.

Keywords. groundwater model, groundwater runoff,
groundwater body, river basin
|. INTRODUCTION

discharge variations through the entire lengthiwdry which
is essential analyzing the impact of diffused padlu on
surface water bodies. Third, it is impossible tsess the
contribution of confined aquifers groundwater degfe
directly. All listed problems are solved more effeely using
methods of mathematical modelling.

[I. LOCATION

Nemunas RBD consists of Nemunas River basin part
located in the territory of Lithuania, Lithuanianastal river
basin, part of Prieglius River basin located in theitory of
Lithuania, Lithuanian part of Curonian Lagoon araltl® Sea
coastal waters (Fig. 1).

Nemunas RBD area is 97,928 %mNemunas RBD
(excluding assigned coastal and transitional wasega is
47.814 knin Lithuania territory. Taking into account arexs
basins, the longest and the largest tributariedNemunas

Since Lithuania joined the European Union, the wateRiver in Lithuania are Merkys, Neris, Nevezis, Dsay

bodies should be handled and stored outside thénesirative
rules, but in accordance with natural hydrologisalindaries
of river basins. Lithuanian rivers are combined ifdgur river
basin districts (RBD): Nemunas, Venta, Daugavalashlipe.
Each RBD developed river basin district managenptans
and programme of implementation measures. Desunipbf
the current state of RBD, summarized results ofthaysis of
influential human activity, information on water gpection
goals and their justification and others must besented in

the management plan (Nemunas RBD management plage

2010). In order to provide the necessary infornmatfor
management plans, one of the challenges is to ifpahe

Sesupe, Jura and Minija.

I1l. METHODOLOGY

Nemunas RBD surface water basin and sub-basin
boundaries do not coincide with the boundaries WfB> For
this reason, the quantification of groundwater loigge into
surface water bodies was carried out by using madtieal
models of groundwater flow in particular GWB, sudavater
bodies and deeper situated confined aquifers, tetbining
received results. Four mathematical models of
groundwater-surface water interaction in Nemuna® R&re
made. They include the following GWB (Fig. 2.):

groundwater discharge into surface water bodies. ddsiest  G\wB of Upper-Middle Devonian deposits, Stipinai GWB

way to assess groundwater discharge into surfaterweathe
division of the genetic hydrograph of the river. Uithuania
for the first time this kind of work related to Nemas RBD
was made in 1968 [9]. The analysis of different et of
hydrograph division revealed that in Lithuanian thea
conditions and in the absence of extensive allutealaces,
which could accumulate more significant quantitiéswater
during the flood, groundwater discharge can be orealswith
sufficient accuracy by the minimum 30 day averalpwf
value. These data are presented in hydrologicaksvft].
However, this method gives insufficient informatidor a

of Upper Devonian deposits ¢ainiai — Dothuva GWB;

e GWB of Upper-Lower Cretaceous deposits, GWB of
Permian-Upper Devonian deposits, Suvalkija GWB;

e GWB of Quaternary deposits of South-Eastern Litlaan
GWB of the middle reaches of the Neris, GWB of $aady
south-eastern plain, GWB of the Nemunas and thasNer
and of the lower reaches of the N&ig;

o GWB of Western Samogitian Quaternary deposits.

The software of s U.S. Geological Survey MODFLOW=200

[2] was used for creation of GW flow mathematicabdals

for all mentioned GWB. The licensed software of U.S

number of practical problems. First, the groundwate=pyironmental Simulations Inc. company Groundwafistas

discharge can be measured only in those basirseorfarts,
where the hydrological stations are settled. itssally related

Enterprise v5 [4] was used for the management @& th
mentioned above software, as well as for the gragépiction

to river basins of the second sequence, in exaggticases of g analysis of the results.
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Fig. 1. Rivers subbasins within Nemunas RBD
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Fig. 2. Groundwater bodies within Nemunas RBD
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Fig. 3. Simulated infiltration recharge of shallgroundwater
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Fig. 4. Adjusted transmissivity of shallow grounderaaquifer
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For quantification of surface and groundwater qiyant (Fig. 4). In these areas infiltration recharge ledlkow aquifer
changes caused by the exploitation of deeper lagomdined usually exceeds 100 mm per year (Fig. 3). In tleasirwhere
aquifers, all major productive confined aquifersevencluded glacial sandy and clay loam are spread, adjustéuesaof
into the above mentioned mathematical models. Aciape transmissivity are up to 10%d and infiltration recharge in
methodology, created in the Riga Technical Univgrsi most cases do not exceed 50 mm per year (Fig..3n4he
Environmental Modelling Centre and self-proved inlanber areas, where limnoglacial clay is spread, values of
of objects, was used for shallow groundwater reghar transmissivity are up to 1 % and modules of infiltration
simulation. Its essence is that the landscape #&bevserves as recharge often are negative, i. e. groundwater dogsefill,
the T type boundary condition and rate of infiltratidowi in ~ but decrease because of evaporation and plantpiratisn.
each active model block is obtained by selectinge sbf Modules, received in models of infiltration recharagre very
conductivity in unsaturated zone between landsedgeation close to the data received during long term moimigprcarried
and shallow groundwater level [5], [6]. In matheitat outin the year 1961-1972 [9].

models territory of each GWB is divided into regatar In the whole modelled territory there is an intense
blocks 500x500 m. interchange taking place between shallow groundwate
surface water bodies as well as between shallowngheater
IV. RESULTS and confined aquifers of GWB, which forms groundavat

During models calibration values of unconfined #gui Infiltration flow —3 inflow

transmissivity and infiltration recharge of uncowfd aquifer Wellfields 91.59 < outfiow

have been adjusted and specified (Fig. 3 and #)uldted yield

groundwater level of shallow aquifer, received gsithe l

. . . 0.47
adjusted values of the above mentioned parametsrs,

presented in Figure 5.
The highest altitudes of shallow groundwater leaad in
Medininkai and Suduva (up to 250-270 m abs. a.qjd\é

Shallow groundwater

Zemaiciu (up to 170-190 m a. s. |.), Aukstaiciu fop200— i
. 15.04
220 m a. s. l) highlands. Shallow groundwater foto A 7637 —7
valleys of the largest rivers as Nemunas, Nerisen®yji,
Dubysa, Sesupe, Merkys, Zeimena and others rivbeysa v
and discharges there. Shallow groundwater leviierMiddle 24.56 Confined aquifers

Lithuanian Plain is in 20-40 m and in the Balti@asbit is in a
few meters above sea level (Fig. 5).

The biggest infiltration rate into the unconfineglder is in
the areas, where sand of different origin and cifie grain Fig. 6. Simulated balance of formation of shallowundwater resources and
size as well as sand with gravel and pebble areadpr groundwater runoff to surface water bodies in NeasuRBD (mm per year)
Adjusted values of transmissivity of these typessaif often
are up to 50200 i and sometimes it exceeds 25@/dn

resources and runoff (Table 1, Fig. 6).

TABLE 1

SIMULATED BALANCE OF FORMATION OF SHALLOW GROUNDWAER RESOURCES AND GROUNDWATER RUNOFF TO SURFACE WARE
BODIES IN NEMUNAS RBD

Inflow Outflow
Quantity Quantity
Source 3 Source -
m/d mm/year m/d mm/year
Infiltration recharge 11,972,080 91.59 | Outflow in slopes of surface gog 950 6.17
water bodies valley
i 10,451,500 | 79.96
Watgr inflow from surface water 97.290 0.74 Groundwater runoff
bodies (469,372)** | (3.59)**
i ] 2,435,070 | 18.63 7
Watgr inflow from confined Outflow to confined 3,210,800 24.56
aquifers (469,372)* | (3.59)* aquifers
Water sid-inflow 565,89( 4.3z Water sid-outflow 539,01( 4.1z
Wellfields yielc 62,07( 0.47
Total: 15,070,33 | 115.2¢ Total: 15,070,33 115.2¢
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According to the modelling data, in the territorff o permeable deposits that cover the aquifer (Tablerg last
Nemunas RBD total recharge of unconfined aquifdhwhe one covers only the part of inflow which proceedghe area
given wellfield yield (average daily yield in theegr 2007— of river or lake bottom. The other part of confinedter
2008) slightly exceeds 15 million%d (115.29 mm per year). inflow gets in to the shallow water and along wiitfiltration
The greater part of it (79.4%) consists of infililba recharge recharge forms its flow.
(almost 12 million r¥d or 91.59 mm per year) and mainly all In Nemunas RBD only 20% of confined water inflow
other part of recharge is an inflow from confinepliders that directly gets into surface water bodies and forsaeart of
are situated deeper. According to the modellingadéihe surface runoff. The rest of the confined wateranfl(80%)
greatest infiltration recharge of shallow groundsvas in sub- gets into the unconfined aquifer and takes pafbimatting
basins of Merkys, Zeimena and Neris (150-180 mmypar), its resources and flows to the surface water baabes part of
the lowest, just 30 mm per year, is in sub-basirfNefezis shallow groundwater runoff (Table 2).
(Fig. 2). The greater part of groundwater runoff (95.5%pisrfatted

Groundwater runoff in Nemunas RBD is formed by twdy shallow groundwater as a mix of precipitatiord amflow
sources, i. e. direct outflow of shallow groundwatesurface of confined groundwater from deeper layers (Table 3
water bodies and confined water inflow through Haedly

TABLE 2
INFLOW OF CONFINED GROUNDWATER FROM DEEPER AQUIFER® THE SHALLOW GROUNDWATER AQUIFER AND SURFACE WAHR
BODIES
Inflow of confined groundwater through the hardgrmeable deposits, that cover the laye¥dm
River basin/ Into shallow groundwater aquifer Into surface water bodies
subbasin i part of total inflow of confined i part of total inflow of Total
groundwater, % confined groundwater, %

Coastal river 1,69( 95.4¢ 80 4.52 1,77C
Minija 68,20( 91.67 6,20( 8.3¢ 74,40(
Jure 79,79 94.6¢ 4,51( 5.3t 84,30(
Nemuna 434,13( 76.3¢ 134,17( 23.61 568,30!
Sesup 132,94( 90.17 14,49( 9.82 147,43(
Merkys 187,47( 75.1¢% 61,98( 24.8¢ 249,45(
Neris 496,50( 86.17 80,04( 13.8¢ 57€,54(
Zeimeni 103,55( 64.4] 57,21( 35.5¢ 160,76(
Sventoj 298,12( 76.47 91,73( 23.5¢ 389,85(
Nevezis 150,00( 88.9% 18,68( 11.07 168,68(
Dubys: 13,16( 97.92 28( 2.0¢ 13,44(
Priegliug 14¢ 98.61 2 1.3 15C
Nemunas RBD tot 1,965,69: 80.72 469,37: 19.2¢ 2,435,07!

TABLE 3

SOURCES OF GROUNDWATER RUNOFF INTO SURFACE WATER BIES FORMATION IN NEMUNAS RBD

] Source of runoff formation , fu
River basin/ g?&:‘#ﬁ\t’z?er Outflow of shallow groun_dwater into surface| Inflow of confined groundwater into s_urface watedles
subbasin runoff, total water bodies through the hardly permeable deposits that covefayer
m3/d md part of total md part of total groundwater
groundwater runoff, % runoff, %
Coastal rivers 70,050 69,970 99.89 80 0.11
Minija 440,920 434,720 98.59 6,200 141
Jura 482,120 477,610 99.06 4,510 0.94
Nemunas 2,139,810 2,005,640 93.73 134,170 6.27
Sesupe 496,670 482,180 97.08 14,490 2.92
Merkys 1,725,660 1,663,680 96.41 61,980 3.59
Neris 1,707,170 1,627,130 95.31 80,040 4.69
Zeimena 1,019,810 962,600 94.39 57,210 5.61
Sventoji 1,747,190 1,655,460 94.75 91,730 5.25
Nevezis 376,420 357,740 95.04 18,680 4.96
Dubysa 225,750 225,470 99.88 280 0.12
Prieglius 19,930 19,928 99.99 2 0.01
Nemunas RBD 10,451,500 9,982,128 95.51 469,372 4.49
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Direct confined groundwater inflow into surface wamat
bodies through the hardly permeable deposits thaércthe
layer formates only 4.5% of groundwater runoff. Thiggest
inflow is taking place in rivers, where valleys adeep
(Nemunas, Neris, Sventoji, Zeimena), as it is &eson, why
conditions for the confined groundwater runoff dretter
inside boundaries of valleys and in some placegctir
confined groundwater discharge from upper-layingficed
aquifers is possible. Lower inflows of confined gnowater
are in sub-basins of rivers, which are mostly icheege area
of deeper confined aquifers (Jura, Minija, Dubyasa) in river
sub-basins, where deeper confined aquifers are in@hted
from surface water by regional confining beds (&akriver
basin) (Table 3).

According to modelling data, in Nemunas RBD thegeist
groundwater runoff into rivers is in sub-basins Mérkys,
Zeimena and Neris (average intensity is 4-5 ancertisifor 1
km?), a little lower runoff is in sub-basins of Svejitaninor
tributary of Nemunas and in the basin of Priegliagerage
intensity is approximately 3 I/s for 1 Kjnthe lowest runoff is
in Nevezis sub-basin (Table 4).

TABLE 4

SIMULATED GROUNDWATER RUNOFF INTO SURFACE WATER
BODIES IN NEMUNAS RBD

. Groundwater runoff
5 intensity, I/s for 1 krh
c
>
. 2 . =~
Basm/. AregY EME f_E g 8 E
subbasin km % E c >N ©
= o o | o« >
> [0) M
g 5 |29 £
% a |63 @
Coastal rivers 1,002 70,050 q1 0.93 0.81
Minija 2,940 440,920 1.65 2.1y 1.74
Jura 4,005 482,12 1.38 1.65 1.89
Nemunas 9,175 2,139,810 2.65 2.60 2|70
Sesupe 4,770 496,670 1.03 1.p0 1|21
Merkys 3,799 1,725,66 5.1p 5.08 5.26
Neris 4,267 1,707,17 3.5p 4.58 4.63
Zeimena 2,775 1,019,81p 4.45 427 4125
Sventoji 6,789 1,747,190 3.0p 3.42 2.98
Nevezis 6,140 376,420 0.66 0.79 0.1
Dubysa 1,966 225,750 1.14 1.35 1.83

Results, given in the table 4, reveal that valuds
groundwater runoff, received in the model, are €lesough to
the values, received using other methods — in wasts they
are intermediate between perennial means of groatstw
runoff intensity and values received using MIKE BAS
model.

Modelling results reveal that groundwater runoff the
territory of Nemunas RBD is distributed unevenlyd aits
input for the total river runoff in different sutabins rather
differs. The biggest input is in the sub-basin dadriys, where
perennial mean of total river runoff intensity igpaoximately

8 /s for 1 knf [1]. The groundwater runoff (intensity 5.26 I/s

24

for 1 knf) formates 65% of total river runoff of sub-bash.
little lower groundwater runoff input for the totaler runoff
into river is in the sub-basin of Zeimena, as ivers 55%
(intensity 4.25 |/s for 1 k) of total river runoff (intensity 7.8
I/s for 1 knf). This input is much lower in sub-basins of other
rivers. Groundwater runoff formates 36% of totakeri runoff
in sub-basin of Sventoji and 19.4% in sub-basirDabysa.
Whereas in sub-basin of Nevezis, where shallow pteuater
is situated mostly in poorly permeabile till and padiltration
recharge prevails, the input is even lower, onlgragimately
13% river runoff.

Values of groundwater runoff modules given in thablE 5
generally describe groundwater outflow into rivare other
groundwater bodies in the whole territory of riveasin or
sub-basin. Values of shallow groundwater outflowerand
their distribution in every modelled river throudie entire
length of river depending on unconfined groundwéteation
parameters and flow gradient are presented in Fig\s the
size of calculated block of the model is 0.5x0.5, kambers
given in the map show the rate of shallow groundwat
outflow in the 500 m length riverbed section. Adding to the
modelling results, the greatest values of shalloeugdwater
outflow rate are in Merkys, Zeimena, Sventoji, irb@ m
length riverbed section in many cases they areouf.@25—
0.05 ni/s (25-50 I/s) and more. A little lower outflow eatare
in Neris, Dubysa and main tributaries of Sventsjich as
Virinta, Siesartis and others. According to the elbdg data,
the lowest outflow rate of shallow groundwater isarface
water bodies are in sub-basin of Nevezis. Lowen td®01
m*/s (1 I/s) modelled values prevails there (Fig. 7).

CONCLUSIONS

e At regional level evaluation of groundwater runaff
Nemunas RBD using mathematical modelling was cérrie
out for the first time. Groundwater runoff evalgatiwas
carried out in 4 mathematical models that covefedght
groundwater basins. Later results obtained in these
models were combined.

e During the modelling process filtration parametafs

shallow groundwater aquifer and its infiltratiorcharge

were revised. It was found that in sandy areas
transmissivity of shallow groundwater is over 56/dn
and infiltration recharge - 100 mm per year. In #neas,
where glacial sandy and clay loam are spread, tdjus
values of transmissivty are up to 16/dhand infiltration
recharge in most cases do not exceed 50 mm per year

e During the modelling process sources of groundwater
runoff formation, i. e. an input of groundwateril® from
the shallow groundwater aquifer and deeper laying
confined aquifers, were evaluated. It was found thmy
20% of confined water inflow directly gets into fage
water bodies and formates a part of surface rundffle
the rest of the confined water inflow (80%) get®ithe
shallow groundwater aquifer and takes part in fdtimg
its resources. The greater part of groundwater ffuno
(95.5%) is formatted by shallow groundwater as & ofi
precipitation and inflow of confined groundemfrom
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Anicetas Stuopis, Marius Gregorauskas, Algirdas Do@sevicius. Pazemesdens pieteces veidoSas Nemunas basei (Lietuva)

Nemunas upes sateces baseinam (NSB) ir sagataajisaimniekoSanasapls. Sagatavojot Soauiu, bija fnoverte NBS pazemes psmu raksturs, tajskait
gruntsidepu pietece. Soartgjumu pirmo reizi izde®s iedit ar materatiskis modetSanas metdan. Izmantojotéetrus modgis, kuri bija izveidoti atsevi@m
baseina dam, modetSanas procéstika precizti pirmskvarfira tdens dsna parametri un infilacijas baroSana. Noskaidrots, ka smilSu apgabaliem
idensvadmibas koeficients grsniedz 50rfidienn un infilticijas barosana — 100 mm/gad/alainajos apgabalosdensvadmibas koeficients nav ligks par 10
m?/dienn, bet infiltacija 100 mm/ga@l ModeESanas rezuti apstiprina, ka 20% spiediena gruntequ partek uz virszemesdeniem, bet atlikusdeda (80%)
noplast pirmaji (aug$ja) horizon un piedais & resursu veidosan Nemunas NSB vigi 95% no pazemesdens plismas veido grunislepi. Tikai 4.5% no
plismas veido fitece caur sprostsliem. Pazemes $mas modéBanas rezuiti izmantoti, lai nowrtetu izkliedeta pazemesgidens piegdrpojuma ietekmi uz
virszemedidens objektiem.

Anunerac Iltyonuc, Mapuyc I'peropayckac, Axbrupaac Jomamssuyioc. PopMUpPOBaHHE CTOKA MOJA3EMHBIX BOJ B paiioHe OacceiiHa pekn Heman
(JIuTBa)

s paitona GacceiinoB pek Hemana (PBP) moxroroBneH mian ympasneHus. IIpH MOArOTOBKE 3TOrO IUIaHA OJHUM M3 3aJaHMil OBLIO OMMCAHHME TEKYIIEro
cocrosaust PBP, B ToM umclle ¥ KONMYECTBEHHAsl OIEHKA CTOKA MOA3eMHBIX Boj. OIeHKa MOA3eMHBIX BOJ B pernoHanbHoM Iutane PBP Hemana Bmepsoble
OCYILECTBIIATIOCH METOJaMHM MAaTeMaTHYECKOro MOJEIMPOBAHMs, IMYT€M HCIONB30BaHUA 4YEThIpeX MAaTeMaTHYECKMX MojeieH, KOTOpbhle paccMaTpuBaeT
OTJIeNbHBIC OAacCelHbI MOA3EMHBIX BOA. B 3THX MoJensIx momydaemsle pe3ynbTaThl 3aTeM Oblin 00bequHeHsl. Bo Bpems Monenupoanus PBP Obu yTOYHEHBI
(UIbTpanMOHHbIE MApaMeTpsl IPYHTOBOTO BOJOHOCHOIO CIIOS M HHOHIBTpanHoOHHOE muTaHus. OIpeneneHo, YTO Ha IIECUYAHBIX IUIOMIANSAX 3aleTaHHs
KOI(QHIMEHT BOIONPOHUIIAEMOCTH TIpeBbimaeT 50 M%/cyT., a HEUIBTparonHoe THTanua — 100MM B oz, Ha MIOMmansX pacnpocTpaHEeH s IIAIHsATbHEIX
CYIIMHKA H CymecH KO3(Q(QHMIMCHT BOJONPOHMIIAEMOCTH B OCHOBHOM He mpesbimaer 10 m%cyr., a undumbTpanmonHoe nurtanue - 100 MM B rom.
MognenupoBanueM OBLIO YCTaHOBICHO, 9TO Tombko 20% IpHTOKa HANOPHBIX BOA HPSIMO IIONAfJaloT B IIOBEPXHOCTHBIC BOJOEMBI M (OPMHUPYIOT dYacTb
[IOBEPXHOCTHOTO CTOKA, OCTABILASCS YaCTh HAOPHO# moa3eMHoi Boasl (B0%)neperekaeT B TPYHTOBBIIl BOZOHOCHBI CJIOH M y4acTBYIOT B (JOPMHUPOBAHUH €TI0
pecypco. B PBP Hemana B cpennem 95,5%monzemMHoro croka (opMHpyeT rpyHTOBast BOJa Kak CMECh aTMOC(EPHBIX OCaJKOB M MPHUTEKAIOLICH HalopHON
BoAbl. IIpsMOM NPUTOK HAIOPHOU BOABI Yepe3 CIabOmpoHHIaeMble ciou (opmupyeT Tonbko 4,5% momsemHOro croka. MonenupoBaHHEM MHOIyYCHHEIE
pe3yIbTaThl CTOKA MOA3EMHBIX BOJ HCIIONB30BAHBI IS OLIEHKH BO3ACHCTBUS PACcCESHHOTO 3arpsi3HEHHS TPYHTOBOTO BOJOHOCHOTO CJIOSL Ha IIOBEPXHOCTHBIC
BOJIOEMBI.
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