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Ï. Ãåðãèíîâ, Ì. Êðúñòàíîâ — Îöåíêà çàãðÿçíåíèÿ ïîäçåìíûõ âîä èíäóñòðèàëüíîé äåÿ-
òåëúíîñòúþ. Âîçäåéñòâèå ÷åëîâå÷åñêîé äåÿòåëúíîñòè íà îêðóæàþùóþ ñðåäó ïðè îñâîå-
íèè ïðèðîäíûõ áîãàòñòâ ÷àñòè ïðèâîäèò ê çàãðÿçíåíèþ îáøèðíûõ ðàéîíîâ. Ïðèìåðíîì
òàêîé äåÿòåëúíîñòè ÿâëÿåòñÿ ðàáîòà çàâîäà “Êóìåðèî—Ìåäú” ÀÎ, ðàçñïîëîæåííîãî ìåæäó
ãîðîäàìè Çëàòèöà è Ïèðäîï. Ïðåäëîæåííû ãèäðîäèíàìè÷åñêû ìîäåëú ïîêàçûâàåò òåí-
äåíöèè â äâèæåíèè ïîäçåìíûõ âîä èññëåäîâàííîãî ðàéîíà. Ïðîâåäåíî ìîäåëèðîâàíèå
ìèãðàöèè çàãðÿçíèòåëåé — ìåäè è ñóëúôàòîâ íà äëèòåëúíû ïåðèîä. Óñòàíîâëåíî, ÷òî ïåðå-
íîñ ñóëúôàòîâ îñóùåñòâëÿåòñÿ áûñòðåå, ÷åì ìåäè.

Abstract. The human impact on the environment as a result of natural goods mastering often
leads to contamination of wide areas. Example for that is the work of “Cumerio—Med” AD
factory, situated between Zlatitsa and Pirdop towns. The hydrodynamic modelling shows the
tendencies in groundwater movement in the investigated area. Simulation of pollutants migration
for different periods have been made — copper and sulfates. The issue is fast transport of sulfates
in comparison with copper.
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Introduction

The human impact on the environment as a result of
natural goods mastering often leads to contamina-
tion of wide areas.

Example for that is the work of “Cumerio—Med”
AD factory, situated between Zlatitsa and Pirdop
towns (Fig. 1). For decades now the factory activities
cause serious damages on the environment in the area.
Most affected are ground waters. Reducing the harm-
ful impact can be controlled by creation of observa-
tion network on the factory area, which can show
the changes of groundwater quality, as a result of
factory activities.

Geomorphology and geological
conditions

The area of the current investigations is situated in
the north part of Zlatitsa — Pirdop kettle. Sinking of
the kettle’s and rising of the nearby Balkan moun-
tain have created good conditions for accumulation
of thick, more than 50 m, clastic deposits. They form
the upper zones of geological cross-section.

The kettle has average altitude of 750 m and cov-
ers about 118 sq. km. It is filled mainly with rough —
clastic, proluvial deposits from the rivers, which flow
down from the high parts of Balkan mountain and
are left feeders of Topolnitsa River. In Zlatitsa — Pir-
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dop area drift deposits of Zlatishka, Sanadere, Slav-
tsi and Madjarska rives form smooth surface inclined
to the south.

The studied region is relatively good investigated.
Evaluation of contamination of shallow ground

water is connected with the geology of quaternary
sediments. Alluvial cones have been formed in the
areas where rivers enter the kettle. They almost en-
tirely form the surface of the Pirdop graben. Litho
logically gravels and sands can be separated.

Hydro geological conditions

Ground water is accumulated in the gravels of pro-
luvial cones in the north part of the area. The aqui-
fer thickness reaches about 80—100 m in the north,
near Chelopech village and gradually decreases to
the south.

North of the line Zlatitsa — Pirdop, transmissivity
varies from 10 to 80 sq.m/d. Hydraulic conductivi-
ties are from 1 to 5 m/d.

The natural hydro chemical status is as follows:
— Total dissolved solids — from 0,07 to 0,55 g/l;
— Macro components — SO4 — HCO3 — Ca — Na;

HCO3 — Ca — Mg è HCO3 — SO4 — Ca — Mg — Na;
— High positive values of Eh.
Groundwater which flows in the quaternary sedi-

ments has north-northeast to south-southwest direc-
tion, with local changes around rivers. In the region
of “Blue Laguna” lake the flow divides to the west

and south. In the north part of the area and around
PL-6A, PL-7, BH-16 boreholes water level depth
reaches 10—12 m from the surface (1). In the south
periphery groundwater table is from 1 to 5 m from
the surface.

Groundwater flow gradients vary from 0.027 to 0.087.
Monthly observations of groundwater levels have

been made in 32 piezometers in 2004. We used them
to construct hydrodynamic map (Fig. 1).

Numerical model

The quaternary aquifer is highly vulnerable to an-
thropogenic influences. In the studied area are fixed
the next groups of impact:

— direct — affects the geological media after build-
ing of slag dumps, middling slime depositories, ex-
tracting of gravel, roads building, canals etc.;

— hydro dynamic disturbance on natural ground-
water flow — result of filtration of industrial waters,
canal waste waters, change of surface flow around
the factory;

— chemical pollution of groundwater as a result
of technological processes, included also agricultural
sources. The path of this pollution is aerosol and

Fig. 1. Hydrodynamic map
and location of investigation
area

1 Ïîæèäàåâ Â. 2000—2005. — Äîêëàäè çà ìîíèòîðèíãà íà
ïîäçåìíè âîäè îêîëî è íà òåðèòîðèÿòà íà çàâîä „Þìèêîð“
— ãð. Ïèðäîï, Ñ.
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Fig. 2. Modelling grid Fig. 3. Transmissivity zones in the area, m2/d

hydraulic (filtration from of contaminated surface
and ground waste waters).

The most contaminated water in the region is on
the territory of “Cumerio — Med” AD factory.

Contaminations exist in single points and in the
whole areas. When the sources are close, like in the
factory area, is formed continuous and wide halo of
wasted groundwater.

The copper and the sulfates are main pollutants.
Primary sources of contamination from the factory
are the electrolyte workshop and the open store for
chemical concentrates.

The current assessment takes an electrolytic work-
shop, as a main source of groundwater contamination.

The mathematical modelling of such cases in-
cludes solving of two different tasks — filtration and
migration. Initially, it is important the hydrodynam-
ic conditions in the aquifer to be clarified. After
that we made a prognoses for migration of pollut-
ants (Cu and SO4) in the water body, due to the flow
structure.

For solving of hydrodynamic task we used MOD-
FLOW. The counting procedure in it solves the pri-
vate differential equation of spatial filtration. The
result is obtained by finite differences method, en-
countering the specific boundary conditions and
natural groundwater levels in the area.

MT3D is used for simulating of pollutant move-
ment in the aquifer. The output of MODFLOW is
input for MT3D for tracing the contaminant parti-
cles paths. Alluvial quaternary aquifer have been
modelled in the simulation.

The modelled area is 3.2 km2. We used uniform
grid with mesh size 20/20 m (Fig. 2). The aquifer is
unconfined, with specific spatial parameters, hydro-
dynamic and migration characteristics. The natural

Fig. 4. Hydrodynamic map — modelling solution

groundwater flow has hydraulic gradient 0.0037. It’s
direction is from north-northeast to south-southwest.

The values for transmissivity distributed in the area
are presented on Fig. 3. The recharge in the mod-
elled area is constant with 0.00025 m/d (1).

Hydrodynamic decision is shown on Fig. 4.
Prognoses affecting the migration task have been

made for 3 different periods — for the copper 50,
100, 200 years and for the sulfates 10, 20 and 50
years. The difference in the length of the periods is
due to the different mobility of pollutants and sorp-
tion ability of the media.

Volumetric density of the solid is taken from the
laboratory experiments — 1.90 g/cm3. Distribution coef-
ficients are 22 ml/g for the copper and 0.75 ml/g for
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the sulfates. The sorption porosities used in the model-
ing are 41.88 for the copper and 1.42 for the sulfates.

The contamination source is electrolytic workshop,
which has area character. Initial concentrations: Cu
is 500 mg/l and for the SO4 — 1500 mg/l (1). The
intensity of the vertical flow is equal to the recharge
values. The calibration of the migration results have
been made after comparison with chemical analyses
issues. Distribution of the pollutant in the area for
different periods can be seen on Fig. 5 and 6.

Conclusions and discussion

Simulation of pollutant distribution in the area can
be summarized with the following results:

— For a period of 50 years the area of distribution
of the copper is 37 300 m2. The transport distance in
the simulation is 54 m.

— For a period of 100 years the area of distribu-
tion of the copper is 47 700 m2. The transport dis-
tance in the simulation is 75 m.

Fig. 5. Contaminated area with Cu

Fig. 6. Contaminated area with SO4
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— For a period of 200 years the area of distribu-
tion of the copper is 62 100 m2. The transport dis-
tance in the simulation is 109 m.

— For a period of 10 years the area of distribution
of the copper is 107 500 m2. The transport distance
in the simulation is 212 m.

— For a period of 20 years the area of distribution
of the sulfates is 176 000 m2. The transport distance
in the simulation is 370 m.

— For a period of 50 years the area of distribution
of the copper is 515 000 m2. The transport distance
in the simulation is 1065 m.

— For a period of 100 and 200 years the size of
contaminated area by copper increases respectively
with 21 and 40%, comparing with the size for period
of 50 years.

Fig. 7. Contour map of dis-
tribution in ground water of
Cu – 30 September 2004

— For a period of 20 and 50 years the size of con-
taminated area by sulfates increases respectively with
61 and 480%, comparing with the size for period of
10 years.

Comparing the different pollutants the spot of
contamination by sulfates for the minimal period is
1.7 times bigger than the spot caused by the copper
for the maximum period of simulation.

Future analyses of other pollutants could explain
the complex contamination status in the investigat-
ed area. This could be useful for remediation activ-
ities affecting soils and groundwater.

We can conclude that the model period from 50
year correspond exactly to concentration on the cop-
per and sulfates in the ground water to 30 Septem-
ber 2004.
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Ï. Ãåðãèíîâ, Ì. Êðúñòàíîâ — Îöåíêà íà çàìúðñÿâàíå íà ïîäçåìíèòå âîäè îò èíäóñòðè-
àëíàòà äåéíîñò. Íàïîñëåäúê âñå ïîâå÷å ñå óñòàíîâÿâà íåãàòèâíîòî âúçäåéñòâèå íà ÷îâåêà
âúðõó îêîëíàòà ñðåäà â ðåçóëòàò îò óñâîÿâàíåòî íà ïðèðîäíèòå áîãàòñòâà. Òîâà å äîâåëî äî
òúðñåíåòî è èçâúðøâàíåòî íà ðàçëè÷íè äåéíîñòè çà íàìàëÿâàíå íà òåçè âúçäåéñòâèÿ.
Òàêúâ å è ïðèìåðà çà çàâîä „Êóìåðèî — Ìåä“ ÀÄ, ðàçïîëîæåí ìåæäó ãðàäîâåòå Çëàòèöà è
Ïèðäîï. Ðàáîòàòà íà çàâîäà â ïðîäúëæåíèå íà äåñåòèëåòèÿ å äîâåëà äî ñåðèîçíè ùåòè
âúðõó îêîëíàòà ñðåäà â ðàéîíà, êàòî íàé-ãîëåìè ùåòè ñà íàíåñåíè âúðõó ïîäçåìíèòå âîäè.
Òîâà å äîâåëî äî òúðñåíåòî íà ðåøåíèÿ çà íàìàëÿâàíå íà âðåäíîòî âúçäåéñòâèå íà çàâîäà
âúðõó îêîëíàòà ñðåäà è íàé-âå÷å âúðõó ïîäçåìíèòå âîäè. Åäíî òàêîâà ðåøåíèå å ñúçäàâàíå-
òî íà ìîíèòîðèíãîâà ìðåæà îò ïèåçîìåòðè (59 áðîÿ àêòóàëíè) íà òåðèòîðèÿòà íà çàâîäà,
êîÿòî îòðàçÿâà íàñòúïèëèòå èçìåíåíèÿ â êà÷åñòâàòà íà ïîäçåìíèòå â ñëåäñòâèå ïðîèçâîä-
ñòâåíàòà äåéíîñò íà „Êóìåðèî — Ìåä“, ãð. Ïèðäîï.


