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Abstract: The alluvial sediments in the Del¢evo region are a two layer porous environment built of differ-
ent granulometric and filtration characteristics. The lower layer is a coarse porous water-bearing environment present
as a gravel sandy series (K = 96 — 276 m/day) and finer-grained granulometric sands with clay interlayers the filtra-
tion coefficient being K = 1.73-10% — 17.28 m/day, underlying a layer of rather weaker filtration characteristics made
up of sandy clays (K = 2.16:10 m/day), and dusty sands the filtration coefficient being K = 3.15-10 m/day. The
lithological-hydrogeological characteristics of the cover sediments do not provide sufficient protection of ground wa-
ters against contamination of the Bregalnica alluvion in the Delcevo region and pertain to the waters endangered from

contamination.
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INTRODUCTION

The issue of environmental pollution, particu-
larly surface and ground waters has been subject
matter of concern over the past decades as a result
of industrial development and the use of chemical
in agriculture.

The alluvial sediments of the Bragalnica Ri-
ver in the DelCevo region are widespread occurring

in an elongated belt from Trabotiviste to Oci Pale,
south of Del¢evo on both sides of the river as river
terraces. The sediments contain significant
amounts of ground waters that are used for water
supply of a number of industrial facilities or houses
from excavation wells. Present day life style results
in anthropogenic pollution.

GEOLOGICAL COMPOSITION OF THE WIDER AREA

The Deléevo area is composed of Cambrian,
Paleozoic, Triassic, Paleogene, Neogene and Qua-
ternary rocks (KoBaueBuk et al., 1973).

The oldest rocks are the Cambrian amphibole
gabbros occurring as large or small masses with
sharp margins towards the Paleozoic granites and
greenschists.

The Paleozoic rocks are present as graphite-

quartz schists phyllites and quartz-sericite schists,
granodiorites, quartzdiorites, schistose biotite

coarse-grained granites (occupying a large area of
the DelCevo area) as well as Permian grey clayey
sandstones.

The Triassic rocks are present as sandstones,
sandy clays and conglomerates, layered and milo-
nitized limestones occurring in a small area.

The Paleogene is present as Eocene conglom-
erates, sandstones, slates, marls and quartzlatite
volcanic intrusions.

The Neogene is present as Pliocene sediments
as a clay facies, loams and sands that comprise the
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lower parts of the Pliocene as well as a gravel and
sand facies comprising the upper parts.

The youngest rocks are those of the Quater-
nary present as proluvial and alluvial sediments
extending mostly along the Bregalnica River.

HYDROGEOLOGICAL CHARACTERISTICS OF THE WIDER AREA

The structural type of porosity in the wider
surrounding in DelCevo made it possible to distin-
guish

Boundary type of aquifer,

Fracture type of aquifer,

90y R

Karst type of aquifers, and
Conditionally waterless terrains.

A characteristic hydrogeological cross-section
for the area under investigations is shown in Fig. 1.

BOUNDARY TYPE OF AQUIFER
Well water permeable environments
[.7. o Aluvium

Medium water permeable environments
—

spr Proluvium

o '-‘Im Gravels and sands
Low water permeable environments

[=_~|m Clays, loams and sands
FRACTURE TYPE OF AQUIFERS

v Coarse - grained biotitic granites

& Granodiorites and aplites
- ~|v Amphibole gabro

CONDITIONALLY WATERLESS TERRAINS

b

.. |E: Sandstones, slates and marls

Fig. 1. Hydrogeological cross-section of the area under investigations

Boundary type of aquifers occurs in alluvial
and proluvial sediments and in the Pliocene grav-
els, sands, clays and loams.

Based on water permeability boundary type of
aquifers have been divided into

— well water permeable environments,
— medium water permeable environments, and
— low water permeable environments.

Well water permeable environments are made
up of alluvial sediments located close to the Bre-
galnica River and the smaller river flows in the
region.

Medium water permeable environments oc-
cupy a large area in the right side of the Bregalnica
River. They are present as Pliocene sands, gravels
and proluvial sediments.

Low water permeable environments are situ-
ated in the right side of the Bregalnica present as
Pliocene, clays, loams and sands.

The fracture type of aquifers formed in the
hard rock masses as quartzlatites, sandstones, sandy
clays and conglomerates, grey clayey sandstones,
schistose biotite coarse-grained granites, quartzdio-
rites, grandiorites, aplites, phyllites, quartz-sericite
schists, graphite-quartz schists and amphibole gab-
bros.

The karst type of aquifers occurs in a small
area in the Triassic limestones that are character-
ized with cavernous porosity.

Conditionally waterless terrains are made
up of Eocene conglomerates, sandstones, slates and
marls

Geologica Macedonica, 22, 49-57 (2008)
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STRUCTURAL-LITHOLOGICAL CHARACTERISTICS OF THE ALLUVIAL SEDIMENTS

The alluvial sediments in the region of Del-
Cevo are located mostly along the valley of the
Bregalnica, and less along other river flows. Along
the Bregalnica they occur as an elongated belt on a
16 km long strike from Trabotiviste to the O¢i Pale
locality, south of Del¢evo. They occur as 100 to
600 meters wide river terraces on both sides of the
river.

In the area, the alluvial sediments are a dis-
tinct geological and hydrogeological unit separated
from the Pliocene and Eocene sediments in which
significant amounts of ground waters have been
accumulated as boundary type of aquifers.

The structural-lithological characteristics of
the alluvial sediments in the Delcevo region were

discovered with the hydrogeological investigations
carried out for the water supply (MakcumoB and
WNBanoBcku, 2004) and the uncovered cross-
sections close to the Bregalnica.

Hydrogeological investigations discovered the
structural location of the alluvial sediments relative
to the basal Pliocene sediments as well as their fa-
cial lithological changes.

A characteristic geological-hydrogeological
cross-section revealed during drilling a drill-hole is
shown in Fig. 2. The drill-hole is in the first river
terrace of the Bregalnica, 100 meters from the
river-bed close to the leather factory in the indus-
trial sector of the town.

11,00

0 1 3 4m
. . L Hydrogeological
Depth Lithological descriptions Seatures
SXPNE 000 050
o Poorly water
LTy Sandy clays permeable
Lo T 300
Variably granulated sands Well water
with interbeds of clays permeable

=7 % |isieg Yellowish clays Water inpermeable
o R
- e Well water
s B, Gravels and sands
R et P ermeable
Q08 -0 113,50 p

R i 15,00

Reddish clays

Water inpermeable

Fig. 2. Geological-hydrogeological cross-section of a drill-hole drilled in alluvial sediments

Geologica Macedonica, 22, 49-57 (2008)
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Based on this drill-hole the base of the allu-
vial sediments is 13.5 meters in depth. Larger po-
rous gravels and sands have accumulated above the
Pliocene clays. Clayey sediments alternate finer-
grained variably granulated sands with interbeds of
clays, sandy clays towards the surface. In the end
the cross-section ends in dust-sandy sediments.

The lithological-hydrogeological characteris-
tics of the alluvial sediments can be seen from the
cross-sections near the Bregalnica.

Fig. 3 shows a cross-section of alluvial sedi-
ments close to the Golak dairy farm 4 km north-

west of Delc¢evo. The cross-section is some 20 me-
ters from the Bregalnica river-bed, formed with
gravel and sand diggings. The cross-section is
about 2.5 meters deep, the level of the ground wa-
ter being 2 meters in depth. Two lithological units
can clearly be distinguished in the cross-section: a
cover made up of 40 to 50 cm dusty sands overly-
ing alluvial sediments made up of gravel and sand
whose thickness has not been determined and can
not be assessed.

Fig. 3. Cross-section of alluvial sediments near the Bregalnica River, close to the Golak dairy farm 4 km north-west from Del¢evo

A well discovered cross-section of alluvial
sediments can be seen 6 km south-east from Del-
¢evo, in close proximity to the Bregalnica near the
pig farm (Fig. 4). In both cross-sections alluvial
sediments and the cover layer can be seen clearly.
The cover layer is 40 to 50 cm thick being made up
of dusty sands. Right below the cover layer are the
alluvial sediments present as coarse- to medium-
size gravels and sands. The height of the alluvial
terrace in this part amounts from 2.5 to 3 meters
above the Bregalnica River level.

A well has been drilled in the Bregalnica
River alluvion for the water supply of the Granite
Construction Company Base when entering Del-
¢evo from Berovo. An 8 to 9 meters thick alluvial
water-bearing layer has been determined made up
of gravels and sands (I'y3enkoBcku, 1997).

Based on the data presented so far it can be

said that the alluvial sediments in the DelCevo re-
gion transgressively and discordantly overlie the

Pliocene sediments made up of clays, loams and
sands.

A gravel sandy series and a series of with
sands with clay interbeds can be distinguished with
accumulated over sediments made up of sandy
clays and dusty sands.

The thickness of alluvial sediments varies
from 5 to 15 meters being the thickest close to the
Bregalnica, getting thinner going further from the
river.

Investigations carried out so far have deter-
mined that the thickness of the gravel-sandy series
amounts to 9 meters, and that of the cover sedi-
ments from 0.4 to 4 meters.

The thickness of the cover sediments is
smallest close to the river amounting from 0.4 to
0.5 meters and increases going further from the
river-bed on the left and the right sides being 4 me-
ters thick in some parts.

Geologica Macedonica, 22, 49-57 (2008)
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Pliocene sediments

L]

"

e irands

Fig. 4. Cross-section of alluvial sediments near the Bregalnica River, close to the pig farm 6 km south-east of Del¢evo

GRANULOMETRIC COMPOSITION AND FILTRATION FEATURES
OF THE LITHOLOGICAL MEMBERS

The base of the alluvial sediments is built of a
series of gravels and sands and various granule
sands with clay interbeds of supercapilar intergra-
nular porosity creating a coarse porous environ-
ment. This coarse porous environment transgres-
sively and discordantly is overlain by settled sedi-
ments of sandy clays and dusty sands of fine po-
rosity. It is characteristic for both zones that they
are horizontally spread in a large area with identi-
cal lithological and granulometric composition,
whereas vertically they largely vary as is the case
with the 0.4 to 4 meters thick cover sediments.

The filtration features of the cover sediments
that are important for the protection of ground wa-
ters against contamination have been determined
based on granulometric analyses. Samples were
collected from uncovered cross sections shown in
Figs 3 and 4 according to furrow method up to 0.5
meters in depth. Determination of filtration coeffi-
cient (K) was done according to USBR and Slich-
ter methods in the Institute for Civil Engineering,
Skopje. The results obtained have been given in
Table 1.

Data obtained by both methods made it possi-
ble to calculate the mean filtration coefficient of
cover sediments made up of dusty sands that
amounts to K = 3.15-10 m/day.

Geologica Macedonica, 22, 49-57 (2008)

From the results obtained it can be said that
the cover sediments are of low to very low perme-
ability.

The thickness of cover sediments that
amounts to 0.4 to 0.5 meters for the areas near the
river banks helped calculate the transmission coef-
ficient or water permeability of the cover. If the
mean thickness of the cover layer at the river bank
amounts to 0.45 meters, transmissivity coefficient
will amount to 7= 1.42-10 m*/day.

Table 1

Values of filtration coefficient (K) according
to the USBR and Slichter methods

dio d,, USBR Slichter Mean value for K
(mm) (mm) (m/day) (m/day) (m/day)
Sample 1 0.003 0.008 4.12:107 6.38-107* 2.38:107°
Sample 2 0.008 0.018 3.14:107 5.46:107* 1.60-1072
Sample 3 0.007 0.02 3.54:107 4.76:107 2.01-107
Sample 4 0.012 0.04 1.87-10"' 1.41-107 9.42:107>
Sample 5 0.009 0.02 4.21-107 7.84-107 248107
3.15:1072
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The filtration coefficient for the water-bearing
gravel sandy series was determined based on data
obtained with well testing drilled for water supply.
According to this data the filtration coefficient is in
the span of K = 96 — 276 m/day. The filtration co-
efficient for the finer-grained variably granulated
sands with interbeds of clays according to
Domenico & Schwarts (1990) is K = 1.73:107 —
17.28 m/day.

Based on studies carried out it can be said that
the alluvial sediments in the DelCevo region are
two layer porous environment built of two layers
of different granulometric and filtration character-
istics.

The lower part is a coarse porous water-
bearing environment with good filtration features
overlain by a cover layer of significantly lower
filtration features.

In order to understand the level of protection
against contamination of the cover sediments of
ground waters accumulated in the alluvial sedi-
ments it is necessary to assess the percolating
speed of possible contaminants from the surface
through the cover layer to the gravel sandy water-
bearing layer as well as the time necessary for con-
tamination through the cover layer to reach ground
waters.

Since two cover layers have been found with
different lithological composition and filtration
features, the above parameters will be calculated
for each layer individually.

Percolating speed through cover sediments
can be determined by the equation

n,
V. — percolating speed (m/day),
K — vertical filtration coefficient (m/day),
i — hydraulic gradient,
ner — effective porosity.

The vertical movement of liquid particles can,
in the least possible case, approximate with the
flow through empty cover semi porous layer of
hydraulic gradient 1. According to the formula
above the percolating speed through the cover
layer made up of dusty sands amounts to
V.=7.87-10° m/day; K = 3.15-10 m/day; ne= 0.4
mean value of fine-grained sand and dust accord-
ing to Domenico & Schwartz (1998).

Percolating time through the cover layer to
the water-bearing gravels and sands can be calcu-

lated by the formula 7= %amounting to 5.72
days,

¢t — time in days,

m — thickness of low permeable cover layer =
0.45 meters,

V. — percolating speed = 7.87-10° m/day.

Possible contamination will pass through the
cover layer in 5.72 days which indicates that the
dusty sands of the cover sediments near the river
banks provide litle protection to the ground waters
accumulated in the water-bearing layer.

The following results have been obtained for
the sandy clays of the cover sediments above the
water-bearing layers made up of sands and clay in-
terbeds, gravels and sands in the parts far from the
river beds: filtration coefficient according to Dome-
nico & Schwartz (1990). K = 2.16:10° m/day; co-
efficient of effective porosity according to Dome-
nico & Schwartz (1998), n.s= 0.4.

The value for percolating speed obtained
amounts to ¥, = 5.4-107 m/day. In 4 meter thick
sediments contamination will pass in a time period
of 185 days.

This fact points out that the cover sediments
are a better protection relative to ground waters
near the river banks.

GROUND WATERS FORMING IN THE ALLUVIAL SEDIMENTS

The geological and hydrogeological structural
location of the alluvial sediments in the Delcevo
area made possible the accumulation of significant
amounts of ground waters. Ground waters have
accumulated in a boundary type of water bearers in
the alluvial layers made up of gravels and sands
with clay interbeds. The water-bearing layer per-

tains to the open to semiclosed water-bearing lay-
ers or hydrogeological structures.

Recharge of the water-bearer with water is
done mostly by the Bregalnica River waters, water
falls, and waters from water flows in higher hyp-
sometric level.

The general strike of ground water flow is
towards and parallel to the Bregalnica River bed.

Geologica Macedonica, 22, 49-57 (2008)
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CONTAMINANTS OF GROUND WATERS IN THE ALLUVIAL SEDIMENTS
OF THE BREGALNICA RIVER

The biggest active and possible contaminants
of ground waters in the alluvial sediments of the
Bregalnica in the Delcevo area are: the waters of
the river, agricultural cultivable areas, animal
farms, industrial facilities, landfills, waste waters
discharged from settlements, petrol stations and

oils depots, regional and local roads and cemeter-
ies. The location of contaminants is given in the
map in Fig. 5.

The map clearly shows that most of the con-
taminants are near the Bregalnica River, on the
alluvial terraces or in their immediate surrounding.

LEGEND

1. Agricultural cultivable areas
2. Animal farms

3. Industrial facilities

4. Landfills
5. Waste waters discharged from settlements

6. Petrol stations and oilsdepots

7. Roads
8. Cemeteries
Exploitable well

|
<)
®

4650

40

=
Sl £

5%
L= ;?:’Ist_em;?

36

Fig. 5. Map of surface and ground waters contaminants of the wider vicinity of Delcevo

Geologica Macedonica, 22, 49-57 (2008)
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Waste from all contaminants, without any fil-
tering or purification, directly or via discharge
pipes flow into the Bregalnica River waters, in
some cases into underground of the geological en-
vironment and further on into ground waters.

Based on the hydrogeological characteristics
of the alluvial sediments and the location of the

bigger contaminants it can be said that the ground
waters in the alluvial sediments in the DelCevo area
are ground waters endangered from contamination.
This means that the production of contaminating
materials in the area endanger ground waters in the
alluvial sediments.

MEASURES FOR THE PROTECTION OF GROUND WATERS IN ALLUVIAL SEDIMENTS

The protection of the natural quality of
ground waters in the alluvial sediments along the
Bregalnica River in the Delcevo area call for un-
dertaking the activities as follows:

— waste waters discharged from the town of
Del¢evo and the bigger settlements must join a
sewer system and purified before discharge into
the Bregalnica,

— waste waters from industrial facilities and
animal farms must join a sewer system and be pu-
rified before discharge into the river,

— the landfill and industrial waste from Del-
¢evo and the bigger settlements must be dumped in
the right constructed waste dump,

— to construct protection zones round the
structures that supply drinking water for the popu-
lation (well, water captures etc.),

— to compile a detailed inventory of pollutants
and their impact on the environment,

— in the future, the vulnerability map of
ground waters must be taken in consideration when
constructing facilities that may endanger the envi-
ronment. The map is part of the hydrogeological
map of the Republic of Macedonia the scale 1 :
100 000,

— to compile a pisiometric net and measure
points for the monitoring of surface and ground
waters quality.

CONCLUSION

Water-bearing layers made up of gravel with
sand and sands with clay interbeds in the basement
with cover sediments accumulated above them
(made up of sandy clays and dusty sands) have
been distinguished in the alluvial sediments along
the Bregalnica River.

The thickness and filtration characteristics of
the cover sediments do not provide sufficient pro-

tection to ground waters accumulated in them
against contamination coming from the area. In
that regard, it can be said that the ground waters in
the alluvial sediments in the DelCevo area belong
to the endangered ground waters by contamination.

In order to protect the natural quality of

ground waters it is necessary to undertake adequate
preventive measures.

REFERENCES

Domenico, P. A. & Schwartz, F. W., 1990: Physical and
Chemical Hydrogeology. 1-824, John Wiley & Sons.

Domenico, P. A. & Schwartz, F. W. 1998: Physical and
Chemical Hydrogeology. 1-506, John Wiley & Sons.

KoBauesuk, M., Iletrkoscku, Il., Temkosa, B., 1973:
Toaxyeau 3a ocnosHaiuia 2eonowxa xapita 1:100 000
3a aucitoint [leaueso. T'eonomku 3aBop, Ckomje.

Makcumos, 1., UBanoBckw, J1., 2004: Texnuuxu useewiitiaj
3a pesyaitiaiiuitie 000UeHU 00 UPOOHO eKcilaoaiia-
yuonuowmi 6ynap IEKB-1, uspaboiien 3a HIIIY
Maiuitiuc — Heaweso. KOUHI 1OO, lTumn.

fysenKOBCKH, ., 1997: INoozemnuitie 600u (u3oam) 3a
pewasarbe Ha 8000cHaboysareitio 60 P. Makedonuja
u HusHaitia 3awinuitia. I'eoxugponpoekt, Ckomje. I'e-
onoiku 3aBofi, Ckomje.

Geologica Macedonica, 22, 49-57 (2008)



Contamination and protection of ground waters in the alluvial sediments of the Bregalnica River in the Delcevo region... 57

Pesume

3ATAQYBAILE 1 SAIITUTA HA ITIOA3EMHUTE BOJIN BO ATYBUJA/IHUTE CEINMMEHTU
HA PEKATA BPETA/THUIIA BO PETMOHOT HA JEJYEBO, BO 3ABUCHOCT OJ1 HUBHUTE
XUIPOTI'EOJOMKN KAPAKTEPUCTUKH

Bojo Mupuaosckn' , Opue Cnacoeckn', Biago Mup4oscku®

'Y uueepauitieiti ,, Toue [eaues ", @akyaitieili 3a ApupoOHLL U THEXHUKU HAYKL,
Toye eaues 89, MK-2000 Ulitiuii, Peiiybauxa MakedoHnuja
2Caj6ue demup 1/13, MK-2000 liwiui, Peiiy6auxa MaxedoHuja
vojo.mircovski@ugd.edu.mk

KJ'[y‘ll-[H 360p0BM: IIOA3EMHHU BOUJL; 3arafyBame; 3allITUTa; IOKPUBHU CENUMEHTU; aJ'[yBI/Ija.TIHI/I CEIUMCHTH,

Bperannuna; [Jeaueso

AnyBujamHUTE CETUMEHTH Off pEeTMOHOT Ha [lerueBo
IpeTCcTaByBaaT ABOCIOjHA MOPO3HA CPEIUHA U3TPajicHAa Off
[Ba cjOja CO Pa3iMYHU TPAHYIOMETPHCKH M (HiITpa-
[UOHH KapaKTECPUCTHKH.

IomaHuoT cnoj mpeTcraByBa rpybo MOpO3HA BOJO-
HOCHA CpefinHa IIPeTCTaBeHa CO YaKaJecTo IIeCOKINBa ce-
puja (K = 96 — 276 m/AeH) U CO MOCUTHO 3PHECTU PA3HO
TPaHYJIHMPaHU MECOIM CO MPOCIOjKU Off TIMHHU CO KOoe(u-
nUeHT Ha ¢untpanyuja K = 1,73:102 = 17,28 m/nen. Hag
HEro ce Haofa MOKPWBEH CJIOj CO 3HAYMTEIHO Mociabu
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UNTpaMOHN KapaKTEPUCTUKH, U3TPANICH Off TIECOKIIMBU
rnunn (K = 2,16:107 m/7IeH), ¥ TPaBIKUBYU MECOLHU CO KOe-
¢unueHT Ha puntpanuja K = 3,15-10 > m/neH.

JINTONIOMIKO-XUIPOTEONOIKATE ~ KapaKTepUCTUKHI
Ha TOKPHMBHUTE CEJUMEHTH HE OBO3MOKYBaaaT JIOBOJIHA
3allITUTA Off 3arajyBame Off MOBPIIMHATA Ha TEPEHOT Ha
MOJI3EMHUTE BOJM Off allyBUOHOT Ha BperamnHuna Bo pe-
THOHOT Ha [lenueBo 1 3aToa THe cnafaaT BO rpynaTa BOAH
3arpO3€HU Off 3arajlyBame.





