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There is groundwater mercury contamination at the territory of “Usol’ekhimprom” Ltd.,
Russia. Spread of the groundwater contamination aureole is predicted and risk of mercury
ingress to Bratskoe reservoir is assessed using methods of mathematical modeling.
INTRODUCTION
The territory of “Usol’ekhimprom” Ltd. is located between the Belaya River and Bratskoe
reservoir constructed on the Angara River at the northern part of an industrial area of Usol’e
Sibirskoe town, Russia. Since 1973 after a workshop of caustic soda and chlorine production
putting into operation groundwater pollution with mercury has occurred due to a number of
reasons (accidents, losses of the process solution containing mercury and so on). According to
researches /1, 2/ about 510 tons of metallic mercury was found to be accumulated in clay rocks
10 m deep under an electrolysis factory.
Computer simulation was conducted with a view to predict groundwater mercury
contamination aureole spread for justification of designing monitoring network at the industrial
area of Usol’e Sibirskoe town, Russia.
MATERIALS AND METHODS
The building #2101, a wastewater neutralization station, a landfill for industrial wastes as
well as a lake located at a distance of 100-150 m to south-west from it where sewerage from a
sludge lagoon goes to are supposed to be main sources of the groundwater mercury
contamination. They are situated 1.7-4 km far from the Angara River left bank (fig.1). Mercury
concentration in the groundwater ranges from a few ng/L to 100 ng/L, the highest concentration
was found in the vicinity of the landfill for industrial wastes /3/.
There are following main aquifers and aquiferous complexes at the territory surveyed: an
aquifer of Middle-Upper Quaternary alluvial depositions (аQII-III); an aquifer of NeogeneQuaternary lacustrine-alluvial depositions (аlN2-QI); an aquiferous complex of Lower-Jurassic
depositions (J1cr); and an aquiferous complex of Lower-Cambrian depositions of Angarskaya
suite (Є1an). The groundwater recharge comes predominantly from infiltration of atmospheric
precipitation as well as from losses of technical water from engineering works – ash lagoon of a
heat power plant, the sludge lagoon, sewage system etc., as well as from its inflow on outer
boundaries of the area simulated (mainly from the south-west). Groundwater discharge occurs to
Angara and Belaya rivers by a way of evaporation from the groundwater surface as well as of its
outflow on the outer boundaries of the area simulated (mainly to the north).
The east boundary of the area surveyed goes along the Angara River, the north-west one –
along the Belaya River. At the model they are schematized as boundary conditions of III type.
The other outer boundaries are schematized as boundary conditions of I type. The area simulated
in horizontal projection is approximated with irregular orthogonal grid, size of which ranges
from 50 m in places where the main sources of groundwater mercury contamination are located
to 100 m in peripheral parts of the area. At the model hydro-geological conditions in section
were schematized as eight layers. The fig.2 illustrates the schematization principle.

1 – basic sources of groundwater mercury pollution, 2 – boundary of investigating area,
3 – boundary of industrial area of LLS “Usol’ekhimprom”, 4 – boundary of the city of Usol’e-Sibirskoe,
5 – railway, 6 – residential area, 7 – automobile roads, 8 – line of hydrogeological section

Figure 1. General map of the area surveyed
At the model aquifer in Cainozoic depositions are schematized as a slightly permeable layer
in the upper part of the section (layer #1) and permeable one (layer#2) in its lower part. Upper
part of a roof of pre-Cainozoic rocks is represented with alluvial loams and clays 0.5-2 m thick.
At the model it is schematized as a slightly permeable layer (layer #3). Water-bearing stratum of
Jurassic depositions is schematized as two water-permeable layers (layers #4 and #6)
corresponding to aquifers of the second (J1cr2) and the first (J1cr )geological unit of
Cheremhovskaya suite of Lias. The horizons are divided with a thickness of slightly permeable
depositions schematized at the model as a layer #5.
At the model aquifer in depositions of lower sub-suite of Angarskaya suite is schematized as
water-permeable layer #8 interacting with overlaying aquifer belonged to the first geological unit
(J1cr1) of Cheremhovskaya suite via slightly permeable layer #7. The aquifer in depositions of
lower sub-suite of Angarskaya suite was considered to be underlain with the regional basalt clay
stratum that is why at the model subface of the horizon was schematized as impervious boundary
(fig.2).
The mathematical model simulates three-dimensional convective transfer of mercury with
groundwater flow without taking into consideration sorption with water-bearing rocks. Using the
model two scenarios of the aureole spread were forecasted for 50 years. The first scenario allows
for persistence of all main sources of the contamination; the second one – their complete
insulation from the environment. The simulation was conducted using software GMS 6.0 /4/.

.Figure

2. Hydrogeological conditions schematization in section.

CONCLUSIONS
According to the first scenario of the forecast the aureoles of mercury contamination will
spread along the direction of the groundwater flow movement to the east-north-east. The
aureoles of mercury contamination at the area of the wastewater neutralization station, the
landfill for industrial wastes, and the building #2101 are expected to reach the Angara River by
the years 2008, 2013 and 2026 respectively. By the end of the forecasted period mercury
concentration in the groundwater close to the river will not exceed 0.0005 mg/L. According to
the second scenario of the forecast the aureoles will decrease slightly in size in horizontal
projection only in the immediate vicinity of the sources of contamination in comparison with the
first scenario. Thus insulation of the sources of contamination is supposed not to improve
substantially the groundwater quality. Considerable mercury ingress to the Angara River with the
groundwater flow is not expected (fig. 3, 4).
It is important to notice that in order to prove (or deny) the results obtained it is necessary to
arrange monitoring observation within the expected aureoles of groundwater mercury
contamination that requires drilling new observation boreholes near the main sources of
groundwater mercury contamination filters of which should be set in Cainozoic, Jurassic,
Cambrian aquifers.

1- Projection of aureole of groundwater contamination onto day surface. Mercury concentration on outer boundary
of 0.00001 mg/L. 2- the section line; 3- hydroisohypses; 4- grid approximation of the area simulated.

Figure 3. Prognostic map of groundwater mercury contamination as of the state for 01.01.2058
(the first scenario)

Mercury concentration in groundwater at the section, mg/L: 1- from 0.00001 to 0.0005; 2 - from 0.0005 to 0.001; 3 from 0.001 to 0.002; 4 - from 0.002 to 0.005; 5 - more than 0.005.

Figure 4. Scheme of aureole of groundwater mercury contamination spread in section.
Forecast as of 2058.
The work on risk assessment of groundwater contamination with mercury at the territory of
“Usol’ekhimprom” Ltd. was funded by “Usol’ekhimprom” Ltd.
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