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CREATING OF REGIONAL HYDROGEOLOGICAL MODEL FOR SOUTH-EAST OF LITHUANIA

REGIONALA HIDROGEOLOGISKA MODELA IZVEIDE LIETUVAS DIENVIDAUSTRUMU DALAI
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The regional hydrogeological model (HM) has been developed for
the Quaternary groundwater system located in the South- East of
Lithuania. This groundwater body covers one third of Lithuania.
The rectangular HM area has the size 290 km x 210 km. Six local
river basins comprise the active HM area of irregular shape. The
model area, exterior to the active one, does not take part in
simulation. Innovative methods were used to create HM: the
ground surface elevation map as the piezometric boundary
condition regulated the infiltration flow on the HM top surface;
the aeration zone was treated as a formal aquitard; during the first
stage of HM building, no real geometry of geological layers was
used. Due to these innovations, very complex regional HM was
built at the short time, in comparison with the case when the
classic methods were applied.

Introduction

Lithuania possesses rich resources of groundwater.
However, not everywhere, groundwater quality meets
standards for drinking water, due its natural and
anthropological contamination. To fulfill the water
directives of the European Commission (98/83 EC,
2000/50 EC), Lithuania has prepared the program
(2007 - 2025) focused on improving management of
groundwater resources and on supplying the country
population with drinking water of high quality. The
program includes the task to evaluate groundwater
resources by using modern methods of mathematical
modeling for processing accumulated hydrogeological
data.

In Lithuania, to facilitate the task of modeling and to
distribute it between different contractors, separate HM
are under development for Quaternary and
pre-Quaternary type groundwater systems. The river
basin method is applied, to split the Quaternary
groundwater body into the separate ones suitable for
diverse HM.

For the first time, regional HM has been developed
for the Quaternary system located in the South-East of
Lithuania. This groundwater body covers one third
(20880 km?) of the country (see Fig. 1). The rectangular
HM area has the size 290 km x 210 km = 60900 km®.
Six river basins (Neris, Merkys, Zeimena, Nemunas,
Sesupe, Sventoji) comprise the active HM area of the
irregular shape (see Fig. 2). The model area, exterior to

the active one (40020 km?) does not take part in
simulation.

The Groundwater Vistas (version 5) system (GV) [1]
was used for HM creating. The Maplinfo Professional
system [2] and the program GDI[3] served for
preparing digital hydrogeological maps.
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Fig. 1. Model location
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Fig. 2. Model area (290 km x 210 km, h = 0.5 km)
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Fig. 3. Geological cross section NS
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Fig. 4. Infiltration flow [mm/year] of aeration zone
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Fig. 5. Permeability distribution [10™* m/day] of aeration zone
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Fig. 6. Permeability distribution [m/day] of the layer 3
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Fig. 9. Isometric image of the pQ map as boundary condition of model bottom layer 11
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The system Surfer-8 [4] was applied for grid data
calculations and for presenting graphical images of
model results. Initial data, needed for HM creating,
were prepared by the Joint Stock Company “GROTA”.

The model is the steady state one. It simulates the
mean annual hydrogeological situation.

Innovative methods were used to create HM. Due to
them, the very complex model was built at a short time.
Nature of these methods is explained and obtained
results reported.

The project was financed by the Lithuanian
government.

Basic mathematics of HM

To consider the process of HM creating, its basic matrix
mathematics is presented by the following algebraic
equation system:

Ap=pB-Gy, A=A +A D

where ¢ is the solution vector (heads) at nodes of HM

grid; A —the symmetric sparse matrix of the geological
environment presented by the xy-layer system
containing  horizontal (A, — transmissivity)  and
vertical (A, — vertical hydraulic conductivity) elements

of the grid; y -the boundary head vector: y,,,, ¥y

and ¥,,q - Subvectors on the HM top, bottom and

borderlines, accordingly; G —the diagonal matrix (part
of A) assembled by elements, linking the nodes where
¢ must be found with the ones where  is given;

/- the boundary flow vector.

By using the 3D finite difference approximation, the
xyz grid of HM is built using (hxhxm) - sized blocks
(h is the block plane size; m is the variable thickness of
a layer).

The elements a,, a, of A, A, (or gy, g, of G) are
computed by using the following formulas:

a, =kxm,a _ N7k
Y Y om )
m=z,-2>0i=12.5

where zi4, z; are the elevations of the top and bottom
surfaces of the i-th geological layer; z, represents the

ground surface elevation map v, =, with the

hydrographical network included; k, m are, accordingly,
elements of digital m, k-maps of the computed layer
thickness and permeability; s — the number of layers.
The set of z-maps describes full geometry of HM. It
is built incrementally: z;—>z;—...—2s by keeping the
thickness of the i-th layer m;>0. If in some areas

m; = 0, then the i-th layer is discontinuous. To prevent
“division by zero”, in the a, calculation of (2), m;=0
must be replaced by &>0 (for example,
¢ =0.02 metres). In GV, only the z-maps serve as the
geometrical ones (no m-maps accepted).

Two tasks of the regional HM creating are the most
burdensome ones: obtaining the right distribution for
the infiltration flow S on the HM top; building the set
of z-maps.

For reported HM, these tasks were considerably
eased, as follows:

— by using the ., -map, a feasible infiltration

flow was obtained, as a part of the solved
system (1);
— no real z-maps were applied, until the HM
calibration was finished.
When v, is used, the flow par= finr passes

through the aeration zone:

ﬂaer = Gaer (l//rel - ¢Q) (3)

where ¢q is the computed head (subvector of ¢) for the
first Q aquifer; G, (diagonal submatrix of G) contains
the vertical ties g, Of the aeration zone connecting
V. With gq. The expression (3) reflects the usual
result of HM, when the  -condition is applied. As a

rule, even the first run of HM provides surprisingly
good results for S, that can be easy calibrated.

If no transport processes (migration of contaminants,
particle tracking, etc.) are tried on HM, it is not
necessary to apply its real geometry (z-maps). For
reported HM, uniform flat layers of the thickness
m. = 1.0 were used. The real HM geometry was restored
by applying the following grid data transformation for
Kxy, K.-maps, if the real m-maps were available:

sz%;kzzt%j xm 4)

K
where (km)., (—Z - the calibrated values of
m C

transmissivity and of vertical leakance, accordingly.
The transformation (4) does not change flows and
heads of calibrated HM.

Description of HM
The groundwater system, to be modeled, is highly
irregular. Most of its aquifers and aquitards are

discontinuous; numerous buried river valleys and
hydrogeological windows are present, etc. (see Fig. 3).
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To account for this complexity, HM contains 11 layers
(planes). The plane approximation step h =500 m was
applied. Therefore, the HM grid plane contains
481 x 421 nodes, the 3D grid includes 2690611 nodes.
Boundary conditions of the y -type were applied on
the top and bottom HM planes (1st. and 11th), on the
borderline of the active HM area (planes 3, 5, 7, 9 of

aquifers). The w,,-map (see Fig.7) carried by the

plane 1 regulates the infiltration flow which distribution
is highly irregular, on the HM area (see Fig.4). The
plane 2 represents the aeration zone as a formal aquitard
with a variable permeability. Its distribution (see Fig. 5)
was obtained during HM calibration. The plane 3
simulates the first unconfined Quaternary aquifer. Its
computed head distribution is shown in Fig. 8. This
distribution automatically follows the main geometrical

features of v, (compare Fig.7 with Fig. 8). In humid

areas, this natural phenomenon always occurs. The next
three aquifers (planes 5, 7, 9) are the confined ones. The
planes 4, 6, 8, 10 simulate aquitards that control vertical
groundwater flows passing between aquifers. The
hydrographical network was implemented in the plane 3

and in the plane 1 as a part of the v, -map. The HM
bottom plane 11 carries the y . -map that represents

the pre-Quaternary piezometric heads (see Fig. 9).

To run the GV program, it is necessary to feed into it
the following digital maps and data files: the surface
elevation maps of digital layers (z-maps), the
permeability maps (k-maps) of the layers, the boundary
conditions for the planes 1 and 11 (w-maps), the whound
data for the active area borderline (planes 3, 5, 7, 9), the
groundwater withdrawal data £, for well fields.

The task of creating the z-maps is the most
burdensome one, because the topography of the
geological strata is complex (see cross section NS,
Fig. 3), and the data grid of these maps is rather coarse
(h =500 m).

To gain time for building correct z-maps, and not to
postpone creating of HM, the uniform flat layer system
was used instead of the real one.

Because all layers of this simplified HM version
have the thickness m,= 1.0, the transmissivity km-maps
were used instead of the k-maps for creating elements
of the matrix A,,. For aquifers, the km-maps of good
quality were available. For aquitards, the elements of
Ay were insignificant, because of the small
permeability values (10> ko> 10”°) m/day of aquitards.

Unfortunately, no field data were available for the
real aquitard permeability that determined elements of
the matrix A,. As the first try, the k,-maps were used
where k, = k/m (m — an expected thickness of a layer). In
areas where m=0, large values k,=10° m/day were
applied, to connect tightly the neighboring layers.
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Searching for the right k,-maps of aquitards were the
main object of HM calibration.

Finding and correcting errors occurring in the  and
-maps of boundary conditions were the first tasks to be
done, because no calibration could eliminate this type
of faults.

Calibration of HM

Due to unavoidable limitations in the initial data, HM
has no unique solution. Calibration is a controlled
iterative  process involving the addition of
complimentary data until as HM of required quality is
obtained. The quality is checked and maintained by
tracking calibration targets. The following targets are
usually applied:
— original data should not be contradicted by
data generated by HM; for example, the v

and ¢-distributions of (1) must reproduce
observed head values; the subsurface runoff
rate must confirm the measured one; the
infiltration flow must match the observed
one;

— results of HM must confirm the real
hydrogeological situation, because formal
agreement between computed and observed
target data not always assures correct
situation.

The first target group is formal, but the second one
always requires subjective evaluation.

For the reported HM, “the complimentary data to be
added during calibration” were the k,-maps of five
aquitards.

Two kinds of calibration targets were applied: the
observed heads; the mean subsurface runoff rate of
river basins.

In Tables 1 and 2 the calibration results for both
groups of targets are presented. It follows from Table 1
that 823 monitoring wells were used as the calibration
targets for four aquifers. Satisfactory match was
achieved between observed and modeled heads. The
standard deviation was within (2.49 - 3.08) metres; the
relative  deviation obtained as the “standard
deviation/observed range” did not exceed 0.018 (1.8%).

Not all available head targets were used, because of
the following reasons:

— the HM grid was not detailed
enough (h =500 m); in areas where the
o-distribution was steep, it could not

reproduce the monitored heads correctly;

— in the vicinity of well fields, the head
observations of previous years could not
reproduce the modeled ones, because
nowadays the water withdrawal rates had
dropped considerably;
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— considerable influence of the seasonal head
changes, especially, for the  first

aquifer (plane 3).
It follows from Table2 that HM satisfactory
reproduces mean subsurface runoff rates for the six
river basins. The maximal relative errors 6.0% and

13.5% were for the Neris and Sventoji basins,
respectively.
Table 1
Target statistics for calibrated heads
0= o i) = =
55 |88 |SE |ES_|8SE |22
zZ K S+~ |8 8 c > — B % c | >
Z5 e b3S ofe|xg
3 357 | -0.11 2.53 210.2 1.2
5 104 | -0.41 3.08 190.5 1.6
7 189 | -0.19 291 192.5 15
9 173 | -0.46 2.49 138.8 1.8
Total | 823
Table 2
Subsurface runoff rate for river basins
= $E |oS5E|=SE |38
8 SEc 852 1252 83
5 AR -EAE - B
= ST iS5 S5 558
o < 3 2|78 278
Neris 3529 3.80 4,030 [0.23] 6.0
Merkys 2860 5.16 5.18 |0.02| 0.6
Zeimena 2693 4.45 439 |-0.06 1.4
Nemunas 6054 3.37 3.30 |-0.07| 1.9
Sesupe 1676 1.34 141 |0.07| 47
Sventoji 1186 2.82 246 |-0.36| 13.5

The calibrated HM state was achieved iteratively by
adjusting k,-maps of aquitards.

Calibrated HM also matched the present knowledge
regarding the hydrogeological situation at the model
area (the second group of targets).

Conclusions

The regional hydrogeological model has been built for
the South-East of Lithuania. It simulates the Quaternary
groundwater body that represents the main source of
drinking water for this part of country.

The model was created by applying an innovative
methodology that enabled to shorten the time for
building of this very complex model.

The model is open for all possible improvements
and it also serves as a base for creating local models of
well fields, and for the areas where sanitation measures
of contaminated places should be evaluated.
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A. Spalvins, J. Slangens, 1. Lice, A. Stuopis, A. Domasevicius.
Regionala hidrogeologiska modela izveide Lietuvas
Dienvidaustrumu dalai

Izveidots regionalais hidrogeologiskais modelis (HM) Kvartara tipa
pazemes adenu sistéma, kura atrodas Lietuvas Dienvidaustrumu
dala. ST sistema parklaj Lietuvas teritorijas vienu tredalu. HM
taisnstiira formas laukuma izmé&rs ir 290kmx210km. Sesi lokalie
upju sateces baseini veido HM aktivo dalu, kurai ir neregulara
forma. Modela dala, kura nav aktiva, nepiedalas aprékinos. HM
veidoSanai izmantotas inovativas metodes: zemes virsmas augstumu
karte ka pjezometrisko tidens limenu robeznoteikumu, kur$ noteica
infiltracijas plismu modela augsgjai virsmai; aeracijas zona
izmantota ka formals sprostslanis; HM izveidoSanas pirmaja posma
netika izmantota redla geologisko slanu geometrija. So inovaciju
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izmantoSana lava izveidot sarezgitu regionalo HM loti 1sa laika,
salidzinot ar variantu, ja izmanto klasiskas metodes.

A. CnianBunbu, 5. Hnanrenc, U. Jlane, A. Lltyonuc,

A. lomamsasuuayc. IToctpoeHue pernoHaJbLHOIM
rugporeosornyeckoii moaeau s FOro-Bocrounoii yactu
JInTBBI

IlocTpoena permoHansHast Tuxporeosorndeckas moxens (I'M) s
YeTBEpTHYHBIX BOAOHOCHBIX CTPYKTYpP, KOTOPBIE PACIIONIOKEHBI B
IOro-Bocrounoit yactu JIUTBBL. DTa CTPyKTypa MOKPHIBAET OAHY
tpets JlutBel. IlpsmoyronpHas obmacte I'M umeer pasmep
290xkmMx210km. IllecTp nOKadBHBIX OacCEHHOB peKk 00pa3yoT
aKTUBHYIO 4acTb ['M, KOTOpasi HMMeeT HeperyisipHylo ¢opmy.
OcrtanpbHas dyacte ['M, KkoTopas He SBJISIETCS AaKTUBHOH, He
ydacTByeT B MopenupoBaHuu. [ns moctpoenmss I'M  Obutn
HCTIONIb30BaHbl HHHOBAIIMOHHBIC METO/BL: IS YIPABICHUS TOTOKOM
uHQUIBTpanUM Ha BepxHeH moBepxHocTH ['M, Kapra BEICOT
MOBEPXHOCTU 3€MJIM UCIIOJIb30BAJACh KaK IPAaHUYHOE YCIOBHE VI
ME30METPUUECKUX YPOBHEH BOJBI, 30HA a’palllil HCIOJIb30BaIach
Kak (¢opManbHBI Bomoymop. Ilpm peamusamuu mepBoro sTama
noctpoeuss I'M, He wucnonb3oBajach peajbHas T€OMETPUS
TEOJIOTHYECKHX CTPYKTYp. braromaps 3TuM MHHOBAIMAM, CIIOXKHAS
peruonanbHas I'M Opita mocTpoeHa 3a 0ojee KOPOTKOe BpeMs, 110
CPaBHEHUIO C BAapHAaHTOM, KOI/la IPHUMEHSIOTCS KIACCHYECKHe
METOJBL.
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