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Abstract The last decade’s hydrogeological studies produce a number of highly specialised maps and data sets
and nowadays this process is speeded up by introduction of modern computer technologies. There are numbers
of cartographic exercises addressed to Quaternary groundwater, but they do not reflect the current knowledge.
It 15 proposzed to present complicated hydrogeological data for society in schematic map of hydrogeological

districts of Latvia and groundwater usage potential.
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INTRODUCTION

Investigations of Quaternary groundwater are carried
out in Latvia more than hundred vears. There have
been different scope of investigations, but the main
are natural composition of groundwater, groundwater
flow systems, their interaction with surface waters and
aquifer properties (Delina 2005). One way to present
results of these investigations was compilation of dif-
ferent maps and graphs, which differed sigmificantly in
the initial parameters, mapped parameters and level of
complicity. Inttially these were just the maps showing
groundwater flow directions and content of major 1ons
at some sites. Later number of specific and complex
hydrogeological maps was compiled, but the nitial
data set used for compilation of five or more maps did
not differ much and this can’t be recogmised as success-
ful development. Introduction of computer techniques
and Geographic Information System (GIS) provides
easy way for mapping of various parameters or their
combinations. However, content, aim and the usage
of the mapped data should be evaluated carefully. The
aim of the study was to analyse and assess mapping
exercises of the previous years, focusing on the mapped
parameters, legend and complicity of the map.
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MATERIAL AND METHODS

The subject of the smdy i1s Quatemary groundwater:
mapping and data presentation of hydrogeological
parameters of Quaternary groundwater in regional
investigations. The study focused on analysis of
published and archive Quaternary hydrogeological
maps, as well as on investigations of Quaternary
groundwater in the region, mainly in Larvia. Number
of groundwater vulnerability maps, maps showing
natural composition of Quaternary groundwater and
different hydrogeological maps showing vanous areas
of the Baltic Sea region, North-West of Russia and
other regions of the World, compiled during the last
fifty vears (Athangelskiv 1966; Dzens—Litovskry 1967;
Kondratas 1969, 1979; Grigelis 1982; Paczynski 1993;
British Geological Survey 1994; USGS 2000), were
reviewed and analysed. The analysis focused on the
studied groundwater parameters, methods used for the
compilation of the maps, legends applied and gener-
alisation of the results 1 both, specific and complex
hydrogeological maps.

The historical hydrogeological maps tend to be very
simple, showing that studied and mapped parameters
are quite sumilar, with little differences. Content of
major 1ons in Quaternary groundwater 1n Latvia was
studied in details with simultaneous in sifn measure-
ments of groundwater pH and electric conductivity



(EC) values so that level of difference of these pa-
rameters could be identified. Verification of mapping
results on other parameters, e.g. groundwater level,
hydraulic conductivity, flow directions in plan and
section, 1s needed and 1t 1s foreseen to be the next step
of this study.

HYDROGEOLOGICAL MAPS

Any type of graphical presentation. e.g. a map. is
traditional and obvious way to demonstrate data of
various professional groundwater investigations that
was mostly performed in the hydrogeological maps.
Conventional set of these maps included general map
illustrating deposits and sediments contamning Qua-
ternary groundwater, water table and groundwater
flow systems, as well as supplementary maps and
illustrations showing recharge conditions, hydraulic
conductivity of the sediments, depth of water table
etc. The quality of the maps mainly depended on scale
and the reliabality of mitial data, but the experience of
the hydrogeologist had great importance as well. On
the other hand. the weakness like history of data set,
presentation manner and prevailing concepts should
be mentioned.

The major set of hydrogeological data had been
obtained more than twenty years ago during geologi-
cal and hydrogeological mapping. Nowadays limited
number of detailed hyvdrogeological investigations
15 carried out and most current work 15 based on ag-
uifer properties determined long time ago. Separate
groundwater studies carried out today applving modem
mnvestigation methods and technologies show (see
Levins & Gosk 2004) that historic data were reliable
and representative and might be used i routine hydro-
geological calculations. On

Quaternary groundwater vulnerability maps

Compilation of complex maps was another way to
present hydrogeological information. There was
particular methodology for each map, but the main
tendencies was that number of hydrogeological as well
as geological or hydrological parameters were com-
bined and mapped as one or few complex parameters.
One of the examples of complex maps 1s the map of
Quaternary groundwater vulnerability.

At the end of 1990s map of relative vulnerabality
was compiled (Delina 2004). This map was the result
of the overlay of several maps that demonstrated
distribution of values for most important factors influ-
encing groundwater vulnerability: map of Quaternary
deposits, map of nature areas. map of groundwater
recharge and map of thickness of unsaturated zone.
The resulting map (Fig. 1) shows spatial distribution of
areas of different vulnerability classes and 1s easy to use
for spatial planming needs. The disadvantages of this
vulnerability map are bound to the initial data maps.
Most of the maps used 1n the overlay are generalised:
distribution of mapped parameter 1s obtained mterpo-
lating and extrapolating data in limited number of ob-
servation points. The only exception is the Quaternary
map. which 1s based on detailed field investigations
and a lot of data and which has the greatest impact on
distribution of vulnerability classes.

Therefore already presented groundwater vulner-
abality map has limited added value and current meth-
odology of compilation of groundwater vulnerabality
map is suitable just for a regional scale 1:1.000.000
and larger to be applied for National Development
planning, general infrastructure planning etc. From
our point of view no improvements can be achieved if
the existing initial data are replaced by newer data and
only limited upgrading 1s proposed. The methodology

the other hand. the methods
used in previous inves-
tigations do not provide
enough information for
current needs increasing
by new legislative environ-
ment and basic conditions
of scientific based studies.
Some of these cons can be
wdentified as: only larger
aquifers were studied in
details and several minor
aquifers were studied as || =78
one complex. Currently || 5~

only dynamic parameters
could be calculated based
on these historic data, but

1t 1s problematic to perform
the mass transport calcula-
tions in comespondence to
certain conditions.

Fig. 1. MNatural vulnerability of Quaternary groundwater (Delina 2004). Vulnerability
classes: 1 —very low, 2 — low, 3 — intermediate, 4 — high, 5 — very high; 6 — oufcrops of
Pre-Quaternary deposits (Devonian).
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Fig. 2. Natural composition of Quaternary groundwater: A — electrical con-
ductivity, B — pH values, C — major 1ons within nature areas. 1 — lowlands,
2 —highlands, 3 —bicarbonates (HCO;), 4 —sulphates (50,), 5 —chlorides (C1),

6 — calcinm (Ca). 7 — magnesium (Mg), 8 — sodivm and potassivm (Na+K).
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of the modern vulnerability map as well
as for maps used as overlays should be
changed significantly.

Natural composition of Quaternary
groundwater — major ions

MNatural composition of Quaternary
groundwater 1s characterised as fresh
water with dominance of bicarbonate
calcium magnesium ions, amount of
total dissolved solids 15 0.3-0.5 gl
(Dzilna 1970; Delina 2006). The de-
tailed study of groundwater pH and
EC in situ and major ions composi-
tion 1n laboratory, and analysis of the
results shows that there 1s no sigmfi-
cant difference m distribution of pH.
EC and major 1ons (Fig. 2) values 1n
Latvia. These data demonstrates that
dominating pH values are 6.8-7.6 and
dominating EC values are 200600 us
cmr’l, but there are no consequences or
contrasts in distribution of the data.
The characteristic distnibution of major
1ons within the nature areas (Fig. 2C)
1z stmilar in all Latvia with no contrast
to be successfully demonstrated on
maps. This proves that simple visuali-
sation methods of natural composition
of groundwater in Latvia conditions
used before could not provide differ-
ent results.

In Latvia case there is no new
knowledge available that could be
obtamed further analysing major 1ons
m groundwater, their distnbution and
relations to each other. Detailed analy-
s15s of major 1ons of Quaternary ground-
water (Delina 2006) demonstrates that
new data on major 1ons 11 groundwater,
where modem sampling and laboratory
analvsing methods were applied. are
stmular to those obtamned from proper
data in earlier investigations during
previous 3040 vears.

The new knowledge on natural
composition of Quaternary groundwa-
ter from recent, still on—going studies
(Levins & Gosk 2004) lies 1n the analy-
s1s of minor ions and trace elements
in groundwater. But the analysis of
minor 1ons and trace elements should
be applied on the local scale, as direct
regional interpretation of the data will
not be correct from the methodology
point of view (Appelo & Postma 2005).
Great amount of fact data should be



obtamed and analvsed locally before regional analysis
could be done and therefore, current priority should
be addressed to groundwater flow systems and their
interaction with surface water and confined aquufers.

DISCUSSION

Fecent mterpretation and presentation of hydrogeo-
logical data is problematic because existing data and
maps are growing old, there are no common require-
ments and methodology for map development as 1t
was before and the alternation of generation of hy-
drogeclogists 1s going on i Latvia as well as in other
Baltic States making new product development more
complicate in the future, and 1t should be taken into ac-
count. The users of hydrogeological information nught
be divided into two groups — professionals and map
makers with good knowledge on groundwater systems
and hydrogeological 1ssues, and soctety as end users
with linted knowledge on groundwater and overall
perception of maps. Assuming different requirements
of professionals and society to the groundwater maps,
the most viable solution might be 1f separate maps are
prepared for those groups of users.
Information on natural composition of groundwater
traditionally was shown by the prevailing anion(-s).
But the current investigations and earlier studies point
out that there are no substantial differences in the dis-

tribution of major 1ons in Quaternary groundwater, and
further studies on distribution of major 1ons will not
add knowledge on natural composition of groundwa-
ter. The latest investigations of [. Levins and E. Gosk
(2004) on munor 1ons and trace elements in shallow
groundwater show that number of new mformation
and understanding will be gained in these studies not
only on chemical composition of groundwater, but
also on groundwater flow systems. Studies of natural
composition of groundwater 1 future should focus on
minor 1ons and trace elements and processes related to
them. In that case the in situ studies of physical chenu-
cal parameters (pH, ORP. EC, DO, t), increasing our
knowledge about processes in groundwater, 1s of great
importance (Appelo & Postma 2005).

The detailed understanding of hydrogeological
conditions also increases reliabality of groundwater
vulnerability assessment. The current general maps of
mtrinsic vulnerability do not fulfil the requirements of
the spatial planners and developers, hydrogeologists,
environmentalists and other experts for the detailed
mformation on sustamnability of groundwater quality.
Besides, currently available data in Latvia are not
sufficient for more detailed evaluation of groundwa-
ter vulnerabality. Great example 15 detailed hydro-
geological mapping expenience in Denmark. These
studies (Thomeen & Sondergaard 2004; Thomsen et
al. 2004; Jorgensen et al. 2005) show that introduc-
tion of transient electromagnetic method methods
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Fig. 3. Hydrogeclogical districts of Latwia. 1 — areas with continuous water table agquifer and no or very rare interglacial
aguifers, 2 - areas with continuous water table aguifer and few interglacial aguifers, 3 - areas with continuous water table
aguifer and many sporadic or few continuous interglacial aguifers, 4 - areas with sporadic water table aguifer and no or very
rare interglacial agquifers, 5 - areas with sporadic water table aguifer and few interglacial aguifers, 6 - areas with sporadic
water table agquifer and many sporadic or few continuous interglacial aguifers.
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Table 1. Grouping criteria of Quaternary hydrogeological sections.

Criteria

Description of the group of sections

Distribution of water

Continuous water table aquifer. Groundwater 1s bound to continuous, thick (ca.
1020 m) lavers of sand. sand and gravel and silty sand.

table aquifer

Sporadic water table aquifer. Shallow groundwater 1s found 1in local, rather
thin (ca. 1-3 m) layers of sand, sand and gravel and silty sand that overlay low
permeable sediments or the shallow groundwater 15 bound to the sand and silt
lenses in the upper part of the glacigenic till loam sediments.

Distribution of

Limited distribution of mterglacial aquifers; rare, local up to 5-10 m thick water
saturated lenses or layers of sand, sand and gravel and silty sand are found in the
glacigenic till loam sediments.

mterglacial semi—
confined aquafers

Some, local 5-15 m thick interbeddings of sand, sand and gravel and silty sand are
found m glacigenic till sediments.

Number of interglacial aquifers, local and continuous; thickness 15-25 m, made of
sand. sand and gravel and silty sand sediments.

detailed hydrogeological mapping also helps to rise
groundwater vulnerability issues to the next level,
significantly increasing understanding of composition
of unsaturated zone and water table aquifer and the
water flow systems there.

Observed vanations in interpretation of hydrogeo-
logical data allowed compilation of many specialised
maps, suitable just for professionals or very limited
number of users. Combining existing data in different
sets might produce some other hydrogeological maps,
but they will not increase knowledge on hydrogeologi-
cal conditions and groundwater svstems of the area. as
well as will not ease the understanding of the ground-
water systems for general public. The same refers
to the application of digital methods in groundwater
mapping: digital methods applied in basic geological
mapping currently in Latvia just rearranges existing
data without any added value and can’t be recogmised
as ones to be developed 1n the future.

The visualisation method would provide main
hydrogeological data presented as schemes or sche-
matic maps. An example of the schematisation of
complicated hydrogeological conditions mught be the
map of hydrogeological districts (Fig. 3). Analysis of
several thousands of hydrogeological sections lead to
the conclusion that six tvpes of hydrogeological sec-
tions could be identified (Delina 2006). The criteria
for selection of typical sections were distribution of
water table aquifer and interglacial senu-confined ag-
uifers (Table 1). Analvsing spatial distribution of these
typical sections, the map of hvdrogeological districts
was compiled.

The map schematically indicates areas of different
complexity of hydrogeological section and conditions.
Based on the information of earlier studies, these
typical sections could be bound to the information on
available groundwater resources, e.g.. larger ground-
water resources are found i areas, where continuous
water table aquifer and several semi-confined aquafers
are distributed.
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CONCLUSIONS

Existing Quaternary hvdrogeological maps and data
presentation methods are not suitable for modern soci-
ety as knowledge end-users, and new mapping should
be developed by professionals, taking into account that
several hydrogeological parameters, e.g., composition
of major 10ns are very similar in whole Quaternary
section in the Latvia.

There are several opportunities to develop Qua-
ternary hyvdrogeological mapping exercises; one of
possibilities could be schematic mapping of ground-
water usage potential. This map could be compiled
overlaying three existing maps: natural composition
of groundwater, distribution of typical hyvdrogeologi-
cal cross-sections and groundwater vulnerability. The
resulting map might be suitable for multi-purpose
easy use. The map simultaneously can provide general
mformation on chemical composition of Quaternary
groundwater, potential resources and their vulnerabil-
ity. However, compilation of proposed map 15 not an
easy task, and from our experience it is recommended
to develop 1t step by step in discussions with potential
user groups, e.g., teachers, students. farmers etc.
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