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Creating of Initial Data Maps for Regional
Hydrogeological Model of Latvia
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Abstract — The hydrogeological model of Latvia will be
elaborated in the time period from 2010 to 2012. It will be used
for management of groundwater resources of Latvia. The 3D-
body to be modeled is represented by 951x601x25 finite
difference grid which plane approximation step is 500 metres.
The model will be created in the framework of the commercial
program Groundwater Vistas, which includes the worldwide
used MODFLOW system for running the model. As initial
information for creating the model serves a set of digital maps
(elevations of geological layer surfaces, permeability of layers,
boundary conditions, etc.). Creating maps regarding geometry of
the regional model (the digital ground surface map included) is
the most difficult task, because geological layers to be modeled
are of highly irregular nature. Methods and tools applied for
creating initial data maps are described.

Keywords — regional hydrogeological model, MODFLOW,
digital maps of initial data

. INTRODUCTION

The countries of the European Union as well as of the entire
world develop hydrogeological models (HM) where, by means
of computer modelling, the information necessary for the
groundwater management planning is obtained. HM of Latvia
will be established, during 2010-2012, by the Environment
Modelling Centre (EMC) team of Riga Technical University,
as an element of the Latvian shared environmental information
system. Detailed information regarding HM of Latvia is given
in the publication [1].
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Fig. 1: Location of Latvia HM
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To ensure compatibility with models of other countries, the
commercial program Groundwater Vistas (GV) is used for
running HM [2]. This program is being regularly updated. It
contains software tools MODFLOW, MODPATH, MT3D
applied for groundwater modeling worldwide.

The model covers 475kmx300km area (Fig. 1). It includes
Latvia and territories of neighboring countries. For the current
HM version, only Latvia and the Gulf of Riga constitute the
HM active area because, at present, no agreement exists
regarding cross border modelling. However, HM is open for
such projects, if a neighboring country provides data for
activating the HM area involved.

HM of Latvia includes 25 geological layers (see Fig. 2).
Most of them are discontinuous and this results in problems of
preparing for GV digital maps of initial data. To understand
problems caused by discontinuity, the basic mathematics of
the 3D steady model must be introduced. By applying 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 geological layer). The model
constitutes a rectangular p-tiered xy-layer system where p is
the number of layers. For HM of Latvia p=25, h=500 metres
(see Fig. 2). Four vertical sides compose the shell of the HM
grid. The relief (ground surface) and the lower side of the
model are its geometrical top and bottom, respectively. The
3D-space volume enveloped by the boundary surfaces
constitutes the body of HM.

The vector ¢ of the piezometric head is the numerical
solution of the boundary field problem which is approximated
in nodes of the HM grid by the following algebraic
expression:

Ap=[-Gy, A=AytA, o

where A is the hydraulic conductivity matrix of the geological
environment which is presented by the xy-layer system
containing horizontal (A, - transmissivity) and vertical (A,—
vertical hydraulic conductivity) elements of the HM grid;
w - the boundary head vector, G — the diagonal matrix (part of
A) of elements, linking the nodes where ¢ must be found with
the ones were v is given; S - the boundary flow vector.

The elements a,,, a, of Ay, A, (0Or gy, 0, of G) are computed,
as follows:

a, =kxm,a, =(h*xk)/m
m=z,-2>0i=12..p (2

where z;,, z; are, elevations, accordingly, of the top and
bottom surfaces of the i-th geological layer; zp=relh is the
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model upper surface elevation map; relh is the
hydrogeological relief that includes the hydrographical
network; m, k are, accordingly, elements of digital m, k-maps
of the computed layer thickness and permeability.

No of Name of layer Geolo- | HM
HM gical plane
plane code code
1. Relief relh relh
2. Aeration zone aer aer
3. Unconfined Quaternary | Q4-3 Q2
4. Uppermoraine gQ3 gQ2z
5. Confined Quaternaryor | Q1-3 a1l
Jura J
6. Lower moraine or gQl-3 | gQl#z
Triass T
7. Perma P2 D3ktlg
Karbons C1
Skerveles D33k
Ketleru D3ktl
8. Ketleru D3ktl D3ktlz
9. Zagares D3ig | D3zg#
Svetes D3sv
Teérvetes D3tr
Muru D3mr
10. Akmenes D3ak D3akz
11. Akmenes D3ak D3krs#
Kursas D3krs
Jonisku D3jn
12. Elejas D3el D3el#z
Amulas D3aml
13. Stipinu D3stp | D3dg#
Katle3u D3ktl
Ogres D3og
Daugavas D3dg
14. Daugavas D3dg D3slp#z
Salaspils D3slp
15. Plavinu D3pl D3pl
16. Plavinu D3pl D3am#z
Amatas D3am
17. Amatas D3am | D3am
18. Augieja Gauja D3gj2 | D3gj2z
19. AugséejaGauja D3gj2 | D3gj2
20. ApaksejaGauja D3gjl | D3gjlz
21. Apak3eja Gauja D3gjl1 | D3gjl
22. Burtnieku D2brt | D2brtz
23. Burtnieku D2brt | D2ar#
Arikula D2ar
Narvas D2nr3
24, Narvas D2nr2 | D2nr#z
Narvas D2nrl
25. PErnavas D2prn | D2pr

# -united aquifer;
- - aquitard

Fig. 2: Vertical schematization

#z — united aquitard

The set of z-maps describes the full geometry of HM. For
the GV system, only the z and k-maps serve as the initial data
for computing elements of the matrix A. The m-maps are
formed by the GV system internally. Only positive m values
are allowed, because m;<0 values are caused by some errors of
the z;; and z; -maps. If in some areas m; =0, as the known
condition, then there i-th layer is discontinuous. This
publication is devoted to considering problems caused by
discontinuity when the elements of the matrix A must be
obtained. General methods and tools to be used for
establishing HM of Latvia are described in [3].

I1. DISCONTINUITY OF MODEL LAYERS

Discontinuity of a geological layer may be caused by its
zero thickness beyond its geological borderline (see Fig. 3) or
by incisions cut by rivers and buried valleys. Both kinds of
discontinuity are present in HM of Latvia.

For discontinuity of the first kind, m; =0 must be replaced
by & >0 (for HM, &0.02 metres), to prevent “division by
zero” for the a, calculation of (2).

It follows from Fig.3, where the set of geological
borderlines is shown that the following problems arise for the
m=0 areas:

o for the HM layers p=3, 4, ...,12 their zero areas are large
and they constitute the tiered “zero body” that covers the
existing m>0 layers; to minimize geometrical distortion of
the geological space, the thickness £=0.02 of layers is
used where m=0;

e in many places, the distance between the neighboring
borderlines does not exceed 1000 metres and there is not
enough space to locate between them borderlines of
aquitards (not shown in Fig. 3) present there; to overcome
this problem, it is assumed that borderlines of the
following aquifers and aquitards beneath them coincide:
D3ktl# and D3ktlz, D3zg# and D3akz, D3pl and D3amz,
D3am and D3gj2z, D3gj2 and D3gj1z, D3gjl and D2brtz.

To minimize the influence of “zero body” on results of HM,
elements a,, and a, must have small and large values,
respectively. In HM, the values k=1.0m/day and m=£=0.02 are
applied both for aquifers and aquitards. Formula (2) gives
a,,=0.02m’/day and a,=12.5x10°m*/day. Even if “zero body”
contains ten planes, its total wvertical conductivity
a,/10=1.25x10°m?day has no real influence on results given
by HM.

Although buried valleys may be of considerable local
importance, they are not accounted for in the current version
of HM. It is rather difficult to incorporate them properly into
the body of HM for geometrical reasons and their filling
material may be unknown.

In the next section accounting for valleys of rivers is
considered as a part of obtaining the Quaternary system
thickness.

1. THE QUATERNARY SYSTEM THICKNESS

Formally, the thickness mqg of the Quaternary system
(planes 2, 3, 4, 5, 6 of HM), is the following difference:
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Ag=relg-subg 3)

where the elevation surfaces relg=z; and subg =z represent,
accordingly, the geological relief as the ground surface
(Fig. 4) and the sub Quaternary surface (Fig. 5).

It follows from Fig. 6 where the mg map is shown that
Aqg<0, along walleyes of rivers Abava, Gauja, Daugava, Venta
and the other ones. It means that the subg—map does not
account for valleys of these rivers. However, no attempt has
been made to correct the map by deepening its surface along
the river valleys, otherwise, the grid nodes will be lost where
the GV system must connect elements joining river elevation
values with a HM layer and there the GV option River will be
unable. For this reason, at areas where Aq<0, the HM body
remains unchanged. To ease problems of creating surfaces z,,
Z3, Z4, Z5 for the Q system , it is assumed that mg>1.0.

By accounting for the above considerations, the difference
Aq of (3) is used for obtaining the thickness mq, as follows:

mq=1.0, if Ag<1.0, then relg=z,-0.02; zo=subq+1.02, (4)

where if mg=1.0, values of z, and relg are changed; the value

mq=1.0 is sufficient for linking of a river with the Q system.
The thickness m, of the first HM plane where the boundary

condition y;,=relh+0.02 is set, is computed, as follows:

M, =0.02+my,= relh -relg=z,-2; (5)

where myy is the thickness of surface water bodies (in HM, the
sea area and the Daugava river with three lakes of
hydroelectrical power stations of Plavinas, Kegums, Riga). If
my=0, then m,=0.02.

The condition >z, eliminates warnings of GV when all
layers of HM are used in the confined mode. The variable
thickness my, enables to include my>0 into the HM body.

If not bog areas, the initial thickness of the aeration zone
M,er=0.02=2,—7,. If the bog thickness is known, it is also used
as initial my, that is fixed during HM calibration. The real
thickness mg,, as the upper part of the Q system, can be
restored by using methods described in [3].

IVV. INTERPOLATION TOOLS

Interpolation surfaces of the k, z-—maps represent
geometrical images. They include various lines which are
carriers of initial data (geological borderlines, long lines of
rivers, coastlines of lakes, isoline data and others). The
commonly applied SURFER system [4] uses pointwise data
mainly and it does not provide interpolation tools that account
for data lines. For this reason, the EMC team applies SURFER
only for sorting initial pointwise data when their errors must
be eliminated. This system cannot create the final version of
the k, z—maps of HM, because various data lines are the main
source of initial information for the model.
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The EMC team has developed the geological data

interpolation (GDI) program that applies both pointwise and
line data. This program can create any digital data map of HM
of Latvia. A brief history of the GDI development is given
below.

In 1994, EMC team managed to apply widely known
interpolation methods of SURFER: Criging, Minimal
Curvature, Inverse Distance. Unluckily, these methods
sometimes provided evidently wrong results [5]. For example,
if an m-distribution was highly irregular, negative thicknesses
appeared, even if the initial ones were strictly positive. It was
understood that this unexpected failure was due to the
following principal hindrances of these methods:

o interpolated results did not hold the maximum / minimum

principle towards initial data applied;

e initial data were often overruled by practically
uncontrollable algorithms applied for smoothing of the
interpolation result.

Because conventional methods cannot provide strictly
controllable interpolation results, the GDI program has been
developed [5, 6, 7]. It provides the interpolation surface o, as
the numerical solution of the following associated 2D -
boundary problem, on the i—th plane of system (1):

div(Z grad o)=0, (6)

Vo=G,0,, V=Vy-G, @

where (7) is the algebraic equation system, applied to
approximate the problem (6); the matrices V,, , G, represent,
correspondingly, the horizontal links V,, of the interpolation
grid and the elements g, connecting nodes where ¢ must be
found with the ones where o, are known. The parameter
A(X,y) is used for controlling the shape of o(X,y). Due to the
changeable A(X,y), it is possible to modify the « strength » for
each initial data source o,,.

The GDI program mostly applies various line data as the
initial ones, because they are much more informative than few
pointwise data on which the lines are based on. For example,
information carried by the long line profile of a river is far
richer than the measured water levels of the river applied for
obtaining the profile.

In GDI, if necessary, any line can also be used, as an
impervious border that dissects the xy—area, (masking of
polygons, tectonic faults etc.).

An original program CRP has been developed for preparing
the line data (isolines, geological borderlines, data of
hydrographical network) and converting them into the initial
data o, of the GDI program [8].

The GDI program is mainly applied in the sequential mode.
During the current interpolation step, new information is used,
but the results of the previous step serve, as the base. In this
way, much simpler set of initial data can be applied than if one
tries to obtain the final result at once. To create very complex
maps, even small sets of initial root data are sufficient.
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Fig. 3. The set of geological borderlines
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Fig. 4. The geological relief relg elevation map [m asl]
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Fig. 5. The sub Quaternary surface subq elevation map [m asl]
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Unlike most interpolation methods, the surface created by
GDI may include sharp edges that are very often a part of the
z—maps (river valleys, tectonic faults, etc.).

As examples of the GDI products prepared for HM of
Latvia, two maps presented by Fig.4 and Fig. 5 are
considered. Both maps are created for the whole HM area.
However, they are accurate only within the active HM area.
Their data, located outside this area, are ignored by the GV
system, because they belong to the HM passive part.

The map of Fig. 4 illustrates ground surface elevations and
this part of hydrographical network (rivers as lines and lakes
as areas) where, conditionally, my=0.

As the main source of initial data, vectored topographical
maps of the scale 1:50000 were used where elevation data
were presented by isolines. This set of maps has been prepared
by the Geospatial Information Agency of Latvia. It was
necessary to find and correct isoline errors [9]. From these
corrected data, by using special methods, long lines of rivers,
elevations and contours of lakes were obtained [10], as the
hydrographical network elements, which should also be used
by the GV options Rivers and Lakes.

To obtain the relg map, two sequential GDI steps were
performed:

e by using elevation isolines, the ground surface base
was obtained which did not represent rivers and lakes
satisfactory;

e by implementing into the base surface map the
hydrographical network, the final relg map was
obtained.

The first version of the map of Fig.5 was prepared by the
Latvian Environment, Geology and Meteorology Centre. This
map was corrected by the EMC team, in order to eliminate
evidently false areas where Aq<0. This map was obtained by
GDI when elevation isolines and some pointwise data were
used.

The GDI program also enables to keep the small thickness
0.02 within the areas where m=0 (discontinuous layers).

V.CONCLUSIONS

During two years (till 2012), the EMC team of Riga
Technical  University should establish the regional
hidrogeological model of Latvia. To create the model, serious
problems must be solved regarding discontinuity of geological
layers. This factor makes more difficult the task of creating
digital maps which carry initial data necessary for running the
Groundwater Vistas modeling system. It is shown, how
discontinuity of layers is accounted for. The digital maps for
creating the model are obtained by the Geological Data
Interpolation program which has been developed by the EMC
team.

This publication is a part of the Project entitled (agreement
Nr.2010/0220/2DP/2.1.1.1.0/10/APIA/VIAA/011)  “Creating
of hydrogeological model of Latvia to be used for
management of groundwater resources and for evaluation of
their recovery measures”. The Project is being co-financed by
the European Fund of Regional Development.
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Aivars Spalvip, Janis Slangens, Inta Liace, Kaspars Krauklis, Viesturs Skibelis. Sikuma datu kariu iegiiSana Latvijas regionalajam
hidrogeologiskajam modelim

Latvijas regionalais hidrogeologiskais modelis tiks izveidots laika no 2010. gada lidz 2012. gadam, ka Eiropas Regionala attistibas fonda lidzfinanséts projekts.
Modeli izmantos Latvijas pazemes dzerama Gdens krajumu parvaldibai un to pasakumu novérteSanai, kuri tiek istenoti $o resursu saglabasanai. Modelis bas
publiski pieejama dala Latvijas Vides informacijas sistéma. Telpiska modela vide tiek aproksiméta ar galigo starpibu rezgi, kura izmérs ir 951x601x25. Rezga
plaknes solis ir 500 metri. Model realizéti geologiskie slani, kuri atbilst Latvijas aktivo pazemes fidenu zonai. So zonu izmanto dzerama adens iegiidanai (Iidz
Narvas sprostslanim). Modelis tiks Tstenots sistémas Groundwater Vistas vide, kura ietvertas specidlas modelgjosas programmas (MODFLOW, MODPATH,
MT3D), kuras tiek plasi izmantotas pasaulé un Latvija. Ka sakuma informacija modela veido$anai kalpo digitalo karSu kopa (geologisko slanu virsmu augstumi,
slanu filtracijas 1pasibas, robeznoteikumi u.c.). Vislielakas problémas rada to kar$u izveidoSana, kuras nosaka modela geometriju, Tpasi Latvijas digitalas reljefa
kartes izveidoSana. Modeli ieklautie geologiskie slani nav nepartraukti un Sis apstaklis rada specifiskas problémas $adu slanu virsmas augstumu kar$u
izveidoSana. Raksta apskatitas metodes un programmatiiras riki, kuri tiek izmantoti sakuma datu karu izveidoSanai Latvijas hidrogeologiskajam modelim.

AiiBapc CnanBunbui, SInuc lliaanrenc, Uura Jlaue, Kacnape Kpaykiuc, Buecrype Illkuéenuc. Cozaanne KapT MCXOHBIX JAHHBIX I PerHOHAJbHO
THAPOreoJIornueckoi moaeau JlaTeun

T'uaporeonoruueckas pernoHanbHas Mojenb JlarBuu Oyznet co3nana Puwxckum Texuuueckum yHusepcureroM ¢ 2010 no 2012 rona kak npoekt PernonanbHOro
tonna paszsurust EBponsl. Mozens OyzeT HCIIOIb30BaHa JUIs OCYIIECTBICHHS YIIPABJICHHS pecypcaMyl O3 MHOI TUTheBOI BOAbI JIaTBYH, a TakoKe ISl OLEHKH
Mep 10 COXPAHEHHMIO 3THX pecypcoB. Mojenb OyaeT myOIMYHO JOCTYIHA KaK 4acTh MH(OPMAIMOHHOH cucTeMsl JlaTBum mo okpysxkarwomiei cpenae. O0beMHas
cpena Mojeny OyIeT NpeACTaBlieHa KOHEYHO-PAa3HOCTHOM ceTKOoH pasMepoM 951x601x25. IlnockocTHol mar cetku paseH 500 merpam. Mopens conepxut 25
Te0JIOTMYECKUX TOPU30HTOB, KOTOpbIE NPEACTABIAIOT aKTHBHYIO 30HY Hoa3eMHBIX Boj JlatBuu (mo HapBckoro Bojoymopa). OTa 30Ha HCIONB3YeTCS Kak
HCTOYHHK MUTHEBOH BOIBL. Mozens OyaeT peanns3oBana B cpefe cucteMsl Groundwater Vistas, KoTopast COIEPKUT IUPOKO HCTIONIb3yeMble B MUPOBOII MPAKTHKE
crenuanbHble Mopenupyomue nporpaMmyvel (MODFLOW, MODPATH, MT3D). Kak ncxonHas wHGopManus Uil OCTPOSHHS MOJEIH CIYXXHT MHOXKECTBO
1(POBBIX KapT (BBICOTA MOBEPXHOCTEH TEOJIOrMYECKUX CTPYKTYP, CBOMCTBA (DMIIBTPALIMH CPEAbI, TPAHUYHBIC YCIOBUS M APYyrHe). SHAYNTEIbHbIC MPOOIEMBI
HEOOXOAMMO MPEOONETh MO CO3JaHUI0 KapT FEOMETPHH MOJENH, 0COOEHHO KapThl 1upoBoro penseda JlarBuu. I'eonornyeckine ropusoHTHl HE SIBISIOTCS
HETIPEPHIBHBIMA, W 3TOT (DAKTOp 3HAYUTEIHHO YCIOXKHSAET HMPOIECC CO3MAHUS KapT ITOBEPXHOCTEH TaKWX T'OPH30HTOB. B cTaThe paccMOTpEeHBI METOABI U
IIPOrpaMMHbIE CPE/ICTBA, KOTOPbIE MPHMEHSFOTCS JUTS CO3/IaHMUs THAPOTeoJIornueckoit Mosenu Jlateun.
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