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The assessment of nuclear objects sites in Lithuania, including groundwater characterization, took place in the last few years.
Tritium activity in groundwater is a very useful tool for determining how groundwater systems function. Natural and artificial
tritium was measured in 8 wells in different layers (from 1.5 to 15 meters depth). The results were compared with other regions of
Lithuania also. The evaluated tritium activities varied from 1.8 to 6.4 Bq/L at nuclear objects sites in Lithuania and they are coming
to background level (1.83 Bq/L) and other places in Lithuania. The data show, that groundwater at the nuclear power objects sites is
not contaminated with artificial tritium. In this work, the vertical tritium transfer from soil water to the groundwater well at nuclear
objects site was estimated. The data show that the main factor for vertical tritium transfer to the well depends on the depth of wells.

1. Introduction

Lithuania is planning to construct a new nuclear power
plant (NPP) nearby the closed one. Lithuanian’s obligation
to shut down old one was one of the requirements included
in the European Union Accession Treaty. Unit 1 of closed
NPP was shut down on December 31, 2004, and unit 2
on December 31, 2009. A near surface repository for low
and intermediate-level short-lived radioactive waste will be
built on the Stabatiskes site in the vicinity of Ignalina
NPP during decommissioning works. The disposal capacity
can also be used for the waste stored in the temporary
repositories of the Ignalina NPP. Engineering barriers are
used in the repository for radioactive waste; however, in long-
term evolution scenario radionuclides can spread into the
environment, extend in the biosphere, and cause (define) the
external exposure of the environment due to the natural and
premature (prescheduled) degradation of the engineering

barriers of the repository [1]. The decommissioning waste,
the new NPP sites, and the closed NPP site are located in the
north-eastern part of Lithuania on the shore of Lake Druksiai,
close to the borders of Latvia and Belarus (Figure 1).

Groundwater characterization is an important issue in
the setting process of new NPP and decommissioning of
the old NPP’s. Groundwater dating is a very useful tool
for determining how groundwater systems function [2, 3].
The radionuclides transport in water systems depends on
many factors: the physicochemical condition, pH, salinity,
hydrological, biological, and so on.

The tritium in groundwater can be treated as an indicator
of radionuclide release from nuclear energy objects. Tritium
is a radioactive isotope of the element hydrogen. Tritium
occurs naturally in the upper atmosphere when fast neutrons
interact with nitrogen. It is also produced during nuclear
weapons explosions and commercially in nuclear reactors
producing electricity. Anthropogenic tritium sources include
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FIGURE 1: The locations of the observation objects sites are Ignalina
NPP; Visaginas NPP; Stabatiske; Budiniai; Zarasai; Birzai; Nida.

fallout from nuclear weapons testing, nuclear reactors, future
fusion reactors, fuel reprocessing plants, heavy water pro-
duction facilities and commercial production for medical
diagnostics, radiopharmaceuticals, luminous paints, sign
illumination, self-luminous aircraft, airport runway lights,
luminous dials, gauges and wrist watches, and others [4].
Commercial uses of tritium account for only a small fraction
of the tritium used worldwide. Tritium is a pure beta-emitter
with a half-life of 12.32 years, a maximum energy of 18 keV,
and a mean energy of 5.7 keV [5]. The most common form
of tritium is in water, since both radioactive tritium and
nonradioactive hydrogen react with oxygen in the same way
to form water. Tritium replaces one of the stable hydrogen
in the water molecule, H,O, creating tritiated water, which
is colorless and odorless. Tritium is a radioactive isotope
of hydrogen which occurs in precipitation. In groundwater
studies tritium measurements give information on the time
of recharge to the system, with the tritium content of
precipitation being used to estimate the input of tritium to
the groundwater system [6].

Natural tritium production per unit time and per unit
area at the earth’s surface is estimated to occur at a rate
of approximately 0.1 to 1.3 tritium atoms/cm?/s, with the
most probable values occurring around 0.5 to 1.0 tritium
atoms/cm?®/s [7-10]. The turnover of tritium is very fast,
except where it is fixed in glacier ice or groundwater, and
when it is incorporated into organically bound tritium in
organisms [11]. The tritium origin and hydrological cycle is
presented in Figure 2.

The transfer of tritium as HTO (tritiated water) from
soil surface to the groundwater is essentially a process of
vertical downward infiltration. This is a simplification of the
process because there is also horizontal flow in the aquifer,
if a gradient exists, as well as upward flow where the aquifer
intersects a surface watercourse, that is, a discharge zone
(Figure 2). Both longitudinal and lateral dispersion occurs
along the horizontal flow path, so the plume arising from the
source area becomes wider, but centre-line concentrations are
reduced along the flow path. Tritium concentrations are also
reduced by decay along the flow path.

Horizontal flow is the most important for a receptor (i.e.,
well) in the downgradient direction from an atmospheric
source, because the horizontal flow from upgradient may
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contain higher tritium concentrations than those arising
from the air directly above the receptor. In other situations,
the transfer from soil water to groundwater may be conser-
vatively represented as a vertical downward infiltration.

Hart [12] assumed a simple vertical downward transport
in defining Py, (L/L), the transfer of radionuclides from
soil water to a groundwater well, as follows:

P3spw2w = exp (_/\r ’ Tr) = exp _/\r ’ ZTOS— >
@)

where T, is the travel time from surface soil to well screen
(8); Zrog the soil depth to the top of the well screen (m);
n the effective porosity; K; the partition coefficient of the
radionuclide in the soil (m’/kg); p, the soil bulk density
(kg/m®); g gw.infil the inflltration rate (m/s); A, the radioactive
decay rate (1/s).

In the case of tritium, the K is zero, since water does not
adsorb to soil, and the term K; - p, drops from the equation.
In the case of tritium, the K is zero, since water does not
adsorb to soil, and the term K - p, drops from the equation.

The effective porosity (n) represents an average for the
entire pathway between the ground surface and the intake
zone of the well. The soil moisture content can be considered
an effective porosity in the unsaturated zone above the water
table. The porosity of the most unconsolidated porous media
below the water table is in the range of 0.3 to 0.5.

Background levels of tritium in groundwater can be
significant, depending on depth, because tritium inputs from
atmospheric deposition have been higher in the past. Tritium
levels in global air and precipitation began to increase around
1950 as a result of nuclear weapons testing and peaked in 1963
during the Nuclear Test Ban treaty between the United States
and the Soviet Union. They have been decreasing since that
that time. Tritium levels in Ottawa precipitation peaked at
approximately 600 Bq/L in 1963 [13].

Depth profiles of tritium in groundwater usually show a
peak at a depth level corresponding to 1963. Retrospective
studies in Japan [14] show a tritium peak in precipitation at
approximately 100 Bq/L in 1963 and a corresponding peak in
shallow groundwater (top of saturated zone) at approximately
60 Bq/L in 1964. The reduced concentration in groundwater
in this zone was attributed mainly to dilution by discharge of
deeper uncontaminated groundwater into the top layer of the
aquifer. The residence time in the top layer was estimated at
3 years, which is insufficient for appreciable decay of tritium.

According to Lin and Wei [15], groundwater studies in
China show tritium in a 1988 core profile peaking at 66 Bq/L
at a depth of 6-7 m, representing the fallout signature and
a 1997 core profile at the same location peaking at 27 Bq/L
at a depth of 10 m [15]. The difference in concentration is
partly due to decay and partly due to longitudinal dispersion
during vertical migration. The rate of vertical migration was
estimated at 0.25 to 0.30 m/a. A similar study in France [11]
shows tritium in three 2002 core profiles peaking at a depth
of 9-10 m, representing the fallout signature. The average
infiltration rate over the 1963-2002 period was estimated at
0.20 to 0.21 m/a based on the peak centre of mass.



International Journal of Nuclear Energy

°H SH'HO

T l

Precipitation

j/ TEvaporation

H- He+ fo ——

Precipitation Evaporation
S i . L . X
2 EEPEEIRAY ) o
R / 0t ' v| Infiltration ', '
& . (] LI N .
"’ . ' . ’ .
RO . - . R
L J ' [ v, ]
" “ ., o "
GRS , C N
".. ,.'..,- ,..o‘ L o

///////

e

o

0
N 0% Recharge.. TR S o

////

NE

//////////

FIGURE 2: The tritium origin and hydrological cycle: 1-aquifers; 2-aquitards.

The nuclear objects proposed to be constructed in Visag-
inas and both potential sites are located next to the former,
closed Ignalina nuclear power plant. This paper deals with
the assessment of the tritium activity in groundwater at the
nuclear object sites.

2. Location

The nuclear objects in Lithuania are concentrated in the
eastern part. There are Ignalina and Visaginas NPP’s, planned
radioactive waste storage facilities. This area surface, down
to 4-12m, is composed of till body (sandy loam and
clayey loam) of low permeability. A thin (0.5-1.5m) layer
of glaciofluvial sand lies at the surface in many places of
Stabatiske site and NPP sites as well. Groundwater (perched)
accumulates in it only seasonally. This layer as a whole is
drained by local boggy depressions. The first continuous
semiconfined aquifer is overlain by the 5-9m thick layer
(sandy loam and clayey loam). Groundwater is at a depth
of 5-10 m (at altitude of 149.99-147.04 m a.s.1; the long-term
water level in Lake Druksiai is 141.6 m a.s.l.). The aquifer has
little or no connection with the boggy local depressions; it is
drained to a larger extent by Lake Druksiai.

The hydraulic conductivity of the aquifer, depending on
the grain size distribution of sand material, ranges from
53 - 107 to 3.1 - 10*m/s, and the hydraulic gradient is
0.009-0.01. A hydraulic head around the site ranges from
147 to 154 m a.s.l. Hydraulic conductivity of low permeable

layers ranges from 3.5 -10~° to 1.5 107" m/s. A confined low
permeable layer from below occurs at altitude of 124 m a.s.l.
and represents continuous aquitard [16].

The systematic investigations of groundwater system have
been begun before Ignalina NPP construction in 1983.

3. Methodology

The activity of tritium in the groundwater was measured
in many observation wells constructed in the region of
Ignalina NPP. Water samples were taken from different layers
(from 1.5 to 15 meters depth). Thus, the water samples of
all observations points were measured several times. Tritium
activity was measured with the method of liquid scintillation
beta-spectrometry. The most systematic observations were
fulfilled in the wells number 1429 and 1431 of Ignalina NPP
site in 2002-2004, in Stabatiske site (one observation well)
since 2005. Visaginas NPP site (5 observation wells) was
investigated 2011.

The tritium measurements in groundwater have been
performed in four different regions of Lithuania also; two
of them belong to the eastern part of Lithuania: Zarasai,
Ignalina regions. In 1991-1995 tritium activity concentration
was observed in groundwater of karst region, Birzai (North
part of Lithuania). The tritium activity concentration in Nida
region (western part of Lithuania) was observed in 1983-2001.



4. Results and Discussion

The magnitude of the measured tritium value on the
nuclear object territories could have been influenced by
global sources, local releases from the previously operated
Ignalina NPP, precipitation input, soil moisture transfer rate,
groundwater residence time, and so forth. Although these
parameters affect distribution of tritium in groundwater, their
impact on the tritium at all studied sites is rather uniform due
to a relatively small distance between these sites.

The tritium activity concentration in groundwater wells
of closed Ignalina NPP varied from 1.6 Bq/L in well number
1429 to 5.3 Bq/L in the same well (Figure 3). The maximum of
tritium activity concentration in water was observed in 1989-
1991 and they are coming to background level.

According to Mazeika (1997), the annual average tritium
activity concentration in precipitation of Ignalina NPP region
was accounted—16.6 TU (1.83 Bq/L) [17]. The tritium activity
concentration was detected 1.29 Bq/L in winter time and
2.22 Bq/L in summer time. The similar tritium activities were
determined in other Lithuania cities also.

The tritium activity concentration in site of planned near-
surface radioactive waste repository (Stabatiske site) was
measured in the water samples collected in more than 20
observation wells. In the present work are given the results
of tritium activity investigations in the well number 6 of
Stabatiske site because of the largest number of measurements
The tritium activity concentration varies from 0.1Bq/L in
18.05.2006 to 1.7 Bq/L in 15.01.2006 (Figure 3).

The last tritium activity concentrations measurements in
Visaginas NPP site indicate the downtrend of tritium activ-
ity concentration in the groundwater. The tritium activity
concentration in groundwater wells varies from 2.6 Bq/L to
6.4Bg/L in 2011 and from 0.21Bq/L to 1.52Bg/L in 2013
(Figure 3); that is, tritium activity concentration in this site
oscillates between background level (1.3 Bg/L).

The measurements were done from 3 to 39 times and the
measurements errors of Ignalina 1429 and 1431 wells are pre-
sented in Figure 3. The error of measurements from activity
concentration was estimated and consists of 10 percent. The
measurements errors are shown (Figure 4) of the two these
wells where most of measurements have been done. In the
other regions of Lithuania the tritium activity concentration
was measured in the different periods. The tritium activity
in the northern (Karajimiskis) and in the north-eastern
(Sakiai, Budiniai) Lithuania varies from 1.5 Bq/L to 3.2 Bq/L.
In the western Lithuania the tritium activity concentration is
slightly lower and reaches 2 Bq/L (Figure 5).

The tritium activity concentration in the wells of above
mentioned regions of Lithuania is about background level
(L3 Bq/L). The measurement values of tritium do not exceed
the rate as regulated by the Lithuanian hygiene norm HN
24:2003 “Requirements for Safety and Quality of Drinking
Water” (100 Bq/L) [18].

The limits of tritium in groundwater are not established
as it is depends on water “age” (the less the water that enters
from the surface to groundwater, the less the tritium activity
in groundwater).
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FIGURE 3: Tritium distribution in groundwater of Ignalina NPP
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FIGURE 6: Variability of vertical tritium transfer versus effective
porosity and soil depth, when infiltration rate is fixed (6.7 -
107'% my/s).

In this work the vertical tritium transfer from soil water
to the groundwater well (Psg,,,,) at nuclear objects site was
estimated also (1). The estimated parameters of soils were
used. The effective porosity is an average value for the entire
pathway between the ground surface and the intake zone
of the well, which includes the zones above and below the
water table. The effective porosity in this area varies from
0.16 to 0.46 [19, 20], the radioactive decay rate of tritium is
1.77 - 107 1/s, the infiltration rate 6.7 - 107° m/s, and the
soil thickness from the surface to the well intake zone varies
from 1.5 to 15 m. Effective depth of well intake zone is 80%
of total well depth. This assumption implies that only top
part of well supplies water to the well [12]. The infiltration
rate was calculated couple of times according to tritium and
volumetric moisture data [19].

The parameter Ps,,,,, shows vertical tritium transfer to
the well and describes what part of tritium could reach well
water. By taking advantage of earlier identified parameters
in investigated sites the calculations showed that the vertical
tritium transfer can vary from 0.655 to 1.2 - 1078 (Figure 6)
at different effective porosity and soil depth. The vertical
tritium transfer depends on the soil thickness and effective
porosity and groundwater in the region of nuclear sites
could be enriched by tritium activity concentration equal of
atmospheric tritium. The results in Figure 6 show that tritium
vertical downward transport depends on effective porosity,
and the tritium activity would not reach the groundwater.

Tritium values of nuclear object sites in Lithuania were
insignificantly higher in comparison with the tritium values
in other towns of Lithuania (Figure 5). Results of investiga-
tions clearly demonstrate that no local radiometric anomaly
exists at the sites.

5. Conclusions

The obtained results of the tritium activity concentration at
the nuclear power object sites show that the groundwater is
not contaminated with artificial radionuclides. The evaluated
tritium activities varied from 1.8 to 6.4 Bq/L at nuclear object
sites in Lithuania and they are coming to background
level (1.83Bg/L). In the western part of Lithuania tritium
activity is less and varies from 1.1 Bq/L to 2.0 Bq/L. Tritium
activity concentration does not exceed the rate as regulated
by the Lithuanian hygiene norm HN 24 : 2003 “Requirements
for Safety and Quality of Drinking Water” with a value of
100 Bq/L (Figure 5). The data analysis demonstrates that no
local radiometric anomaly existed at the NPP sites.

Variability of vertical tritium transfer versus effective
porosity and soil depth was also estimated. The results
(Figure 6) show that tritium vertical downward transport is
more dependent on the soil depth than the effective porosity.
Vertical tritium transfer is higher near surface.
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