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Preparation and Hydrogeological Evaluation of Tracer
Experiments

Vorbereitung und hydrogeologische Auswertung von Markierungsversuchen

J. HAaNZLIK?)

Content

Seite
L. Indroduction. ..t 93
2. Characteristics and Application of Tracers ..coerveevveecreivoiveerieeeeessssisenns 94
3. Discussion......ccceevennnn. ettt ena 98
SUMMATY ottt s st 102
RELEICNCES vvvvverianiisiiiecereiiticeteseeteestss sttt se e 102
ZUSAMMENTASSUNY ....ocevrrrirecciereeisrere sttt sttt see s besmss e en s seens 103

1. Indroduction

Water constitutes a fundamental prec
landscape. The growing demand on qualit:
with the intensification of human activiti
cycle in both its surface and undergrounc
for the realization of these activities. Whi
to our observations, the study of groun
consuming procedures and methods, wl
waters. At the same time, the utilization of
has a primary importance in compariso
probability of their vulnerability. Tracer
fication procedure for the assessment of
groundwater bodies. The application results of these methods are able to quantify
the share of groundwater in the natural hydrological cycle and render it more
accurate.
ased on the tagging of a flowing medium
:nce of time at the indication site or at
ater course). The tracing methods can be
Is and single-well ones —according to the
method does not allow to follow the
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connections and flow directions of groundwater in hydrogeological structures. The
distance method gives unambiguous evidence on continuities and flow directions
of groundwater. The effectiveness of each tracing method is determined by finding
the tracer at the observation point. Not any finding of a tracer can be regarded as
conclusive, it has only speculative significance.

The distance method is the most frequently used tracing method for the
determination of continuities, velocities and directions of groundwater flow.
Adjoined to this method can also be the method of regional tracers; for investigating
the retention time of groundwater in large hydrogeological structures and regions,
they use light natural nuclides, such as carbon-14, silicon-32, oxygen-18, deuterium,
and others as tracers.

2. Characteristics and Application of Tracers

A tracer is a substance naturally contained in or artificially added to a water-bearing
environment, which the water flow should be traced for in natural conditions. This

A single application of classic tracers mostly changes the specific weight of the
traced water due to the addltlon of alarger volume of concentrated tracer solution.
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Fig. 1: Breakthrough curves of chloride ions in the sandy model.
Durchgangskurven von Chloridionen im Sandmodell.

This moment should be taken in account, especially, when the solution is poured
into bore holes.
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Fig. 2: Breakthrough curves of fluoresceine in the sandy model.
Durchgangskurven von Fluoreszein im Sandmodell.

assessed by measurement of the vertical flow rate (J. HuLLA, 1989). The chosen
section is delimitated in the bore hole profile by packers in order to secure the direct
transition of the tracer into the water-bearing environment. The effect of the
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The observation of the concentration decrease of the tracer in the infusion hole
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Fig. 3: Breakthrough curves of the tracer experiment with two tracers at the observation (pumping)
well; fine-grained sandy aquifer, distance 48.5 m, depth below surface 25-40 m, Holesice
(NW Bohemia).
Durchgangskurven des Tracerexperiments mit zwei Markierungsstoffen am Beobach-
tungsbrunnen; feinkorniger, sandiger Grundwasserleiter, Abstand 48,5 m, Tiefe 25-40 m,
Holetice (NW Béhmen).
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dilution.

3. Discussion

two points.

The curves resulting from the investigation of a tracer passage in natural conditions,
do not usually have a smooth character. Considerable changes established during
the tracer detection reflect the heterogenity of the water-bearing environment, which
depends on the petrology of rocks and structural conditions. The course of the
changes in tracer findings at the observation site enable the conception of flow
conditions resp. flow geometry within the observed section to be rendered more

on breakthrough curves.

Curve 1 declares the tracer findings in water pumped from the well. Line 2 reflects
the trace concentration changes in a spring, which 1s located on the line connecting
the puring-in hole and the observation (pumping) well. The groundwater flow in
Cenomanian strata measurements is independent of the hydrological conditions
in the Novohradka river valley.
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Fig. 4: Breakthrough curves demonstrating a uniform flow within the porous aquifer; coarse-grained

sand and gravel, distance 15 m, depth of filter 7-9 m, MéInik, Labe river valley.
Durchgangskurven, die eine gleichformige Stromung im porésen Grundwasserleiter zeigen;
grobkorniger Sand und Kies, Abstand 15 m, Filtertiefe 7-9 m, Mélnik, Labe Flufiniederung.
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Fig. 5: Breakthrough curves demonstrating a uniform flow within a fissured aquifer; regularly

fractured gneiss, distance 1-11 m, 2-32 m, depth of the openea/;.mrt of bore holes 3—-18 m,
dam site, Horka, Kruiné hory mountains, NW Bobemia.
Durchgangskurven, die eine gleichformige Stromung in einem zerkliifteten Grundwasser-

leiter zeigen; gleichmifSig zerkliifteter Gneis, Abstand 1-11 m, 2-32 m, Tiefe des offenen
Teils der Bobrstellen 3-18 m, Talsperre, Horka, Krusné Hory Berge, NW Bihmen.
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comparison between these curves and the curves in fig. 6 reveals that the low-
permeable positions within the collector profile exert the decisive effect on the water
tlow process. The transfer of the tracer was also found in a quick-sand collector at
the distance of 885 m after 493 hours between a bore hole from the surface and

values should be verified by repeated tests as the mutual positions of sites must not
necessarily agree with the prevailing flow direction of the groundwater in the
observed section (J. HANZL{K, 1973, T. HIMMELSBACH et al., 1992).
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Fig. 8: Breakthrough curve of the nitrite ion demonstrating an irregular flow; fine-grained clayey
sandstone (quick sand) - Miozin, distance 85 m (two wells), depth 150 m below surface,
Maridnské RadCice coal basin, NW Bobemia.

Durchgangskurven von Nitritionen die eine ungleichmifiige Stromung zeigen; feinkormiger
toniger Sandstein (Fliefsand)— Miozin, Abstand 85 m (zwei Brunnen), Tiefe 150 m unter
der Oberfliche, Maridnské Radéice, Koblenrevier, NW Bohmen.
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Fig. 9: Breakthrough curve of the nitrite ion demonstrating an irregular flow; sandy clayey sirata
series with thin coal seams — Miocene, distance 20 m (two wells), depth of filter 11-14 m,
Vysolany fly-ash setting pit, NW Bohemia.

Durchgangskurven von Nitritionen die eine ungleichmiflige Stromung zeigen; sandige,
tonige Schichtenfolge mit diinnen Kohlenflozen — Miozéin, Abstand 20 m (zwei Brunnen),
Filtertiefe 11-14 m, ViysoCany — mit Flugasche gefiillte Grube, NW Béhmen.

Summary

collector. Such information is very important for activating protective measures for the aquifer
against contaminants and negative effects of waste heaps.
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