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Abstract: The changes of surface and ground wa-
ter level on the effect of regulated outflow. This
paper aims to analyze the variability of the levels
of surface and ground water in the Ochozanka ba-
sin. The depth at which the ground water table oc-
curred was studied with reference to the adopted
land drainage standards. The studies were carried
out in 2009/2010-2014/2015 for natural and re-
gulated water outflows. The analysis of annual
total precipitation in the analyzed period some
years were very wet (2009/2010 and 2013/2014),
some of them were wet (2010/2011, 2012/2013),
one year was dry (2014/2015) and one year was
normal (2011/2012). The six-year average seaso-
nal precipitation amounted to 593 mm, which was
66 mm higher than average precipitation recorded
in 30 years. Under regulated outflow conditions
the level of water in the river ranged from 55 to
77 cm. The level of water under natural outflow
ranged from 18 to 49 cm. In the area with regu-
lated outflow the average ground water level was
47 cm. In the remaining area of drainage system
ground water level was 67 cm. Also, the dynamics
of variance in the water level under natural out-
flow conditions was clearly higher.
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INTRODUCTION

Water protection is comprehensively
regulated by the Water Framework Direc-

tive the main goal of which is ensuring
good quality of water. In Poland, water
protection takes on a special significance
because it is very poor water resources
(Zielinski and Stota 1996). Water deficit
imposes limitations on the possibility of
economic development and necessitates
a thorough analysis of risks (Miodusze-
wski 1999). Polesie Lubelskie is an area
with first class water retention storage
needs. Availability of water in the spe-
cific amount, quality and quantity is an
essential element of sustainable develop-
ment (Michalczyk 2000).

Water and natural factors determine
the environment. In addition, certain
adverse effects connected with water
occur — droughts and floods. Apart from
spatial variation in the distribution of pre-
cipitation, with its variability in years and
seasons (Michalczyk and Wilgat 1999,
Bajkiewicz-Grabowska and Mikulski
2006). The identification of the ecologi-
cal status of surface water should involve
a description of changes in the outflow
regime (Brandyk 2002). Such changes
are measured as the ratio of average reg-
ulated and natural outflow. Information
about water resources includes character-
istic water levels and outflows in months.
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As a result of the deteriorated tech-
nical condition of drainage systems,
subsidence and poor maintenance, some
systems have ceased to perform their
functions (Bykowski et al. 2011). Most
subsoil irrigation systems must now
be modernized in order to reduce their
decapitalisation and restore their original
function. Proper use of peat-muck soils
and rational water management must
be ensured (Brandyk et al. 2008, Ole-
szczuk et al. 2009, Oleszczuk et al. 2012).
Proper water management provides pro-
tection against degradation of soils and
their agricultural use can be ensured by
the use of subsoil irrigation (Kaca 1999).
The design and operating principles of
subsoil irrigation systems are described
in many publications (Jurczuk and
Mioduszewski 2006, Plywaczyk 2006,
Mosigj et al. 2011).

This paper aims to analyze the vari-
ability of the surface and ground water
level in peatland. The depth of ground
water table occurred was studied with
reference to the adopted terrain drainage
standards. The studies were carried out
in 2009/2010-2014/2015 for natural and
regulated water outflows.

MATERIAL AND METHODS

Since October 1999 the Department of
Environment Management and Geodesy
Engineering at the University of Life
Sciences in Lublin has carried out com-
prehensive studies of water resources in
the Ochozanka river basin. The studies
mainly involve: measurements of daily
surface water levels in the gauges, meas-
urements of ground water in piezom-
eters, monthly outflow and geometric
parameters of river. The measurements

are performed both in the Ochozanka
river and in drainage ditches.

This paper presents the results of
hydrological measurements carried out in
the period from 2009/2010 to 2014/2015,
when the regulated outflow method was
used for subsoil irrigation system. The
tests were performed in the alder peatland
Ambona, in an area of 181 ha, in hydro-
metric sections. The peatland was ini-
tially drained in 1933—1935, and the final
network of subsoil irrigation ditches was
constructed in the 1960s. The analyzed
sections are supplied with water from the
Ochozanka river, and they are drained by
means of a 250 m away drainage ditch.
Within the peatland there is a system
of ditches with a spacing of 120 m and
a depth of 100 cm perpendicular to the
river (Fig. 1). The site is characterized by
the occurrence of peat-muck soil Mtllcb
with an average thickness horizon being
1.3 m. The peatland Ambona is used as
an extensive meadow and it forms part
of the drying complex C.

Hydrological observations included:

* measurement of surface water levels
in the river and ditches;

* measurement of the depth ground
water table occurred in piezometers;

* maintenance processes (natural and
regulated outflow).

Weather conditions in the catchment
area were determined based on data pro-
vided by the meteorological station in
Sosnowica. Digital data recorders were
used for the purposes of hydrological
and meteorological measurements.

Western Polesie, according to the
division of Poland into climatic zones
(Romer 1949), is located within the
climatic area of the Great Valleys in the
Chelm-Podlasieregion (C 11). Theregion



is characterized by high temperature
amplitude reaching 23.5°C and the total
precipitation of 560 mm. The classifica-
tion of agricultural regions (Guminski
1950), the analyzed area is situated at
the border of District IX — Eastern and
District XIII — Chetm. The number of
snow cover days is 80 and that of ground
frost days 132. According to the classi-
fication of climatic regions (Okolowicz
and Martyn 1979), this area is situated
in the Mazovia region where summer
starts early. Wos (1995) claims that the
area of Polesie forms part of Region XIX
— Polesie. According to the classification
into climatic zones (Kaszewski 2008),
this area is situated in Polesie Region
which is characterized by very low cli-
mate variability.

RESULTS

The studies were carried out over six hy-
drological years in the Ambona peatland
under variable precipitation conditions.
It provided an opportunity for objective

FIGURE 1. Hydrographic network of the Ambona peatland
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N1-6 — natural outflows
R1-6 — adjustable outflows
S —lock

o — piezometer

evaluation of the operation of the drain-
age system. The analysis of annual total
precipitation suggests that in the ana-
lyzed period some years were very wet
(2009/2010 and 2013/2014), some of
them were wet (2010/2011, 2012/2013),
one year was dry (2014/2015) and one
year was normal (2011/2012) (Kaczo-
rowska 1962). The six-year average sea-
sonal precipitation amounted to 593 mm
(the Table), which was 66 mm higher
than average precipitation recorded
in 30 years (Grzywna et al. 2016). In
the winter hydrological half-year the
highest precipitation was recorded in
2013/2014 — 193 mm, while the lowest
in 2009/2010 — 134 mm. Precipitation
was considerably more varied in the
summer half. It ranged from 262 mm in
2014/2015 to 541 mm in 2009/10 (51%
higher than the multi-year average).
Precipitation distribution in a year was
uneven and it ranged mean from 30 mm
in December to 96 mm in May. In the
studied period, the heaviest precipitation
was recorded in July 2011 — 242 mm,
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TABLE. Periodic precipitation totals

XI-1V V-X XI-X
Year mm classification mm classification mm classification

2009/2010 134 dry 541 extremely wet 675 very wet
2010/2011 167 normal 486 very wet 653 wet
2011/2012 148 dry 373 normal 521 normal
2012/2013 189 wet 416 wet 605 wet
2013/2014 193 wet 490 very wet 683 very wet
2014/2015 205 wet 262 very dry 467 dry

Average 177 normal 406 wet 593 wet
1985-2014 169 normal 358 normal 527 normal

while the lowest amount was noted
down in November 2011 and February
2015 — 2 mm (Fig. 2).

The normally positive water balance
in the winter season and the negative one
in the summer season indicate the need
for very early storage of precipitation in
the natural environment. Field studies
under different water supply conditions
revealed very poor water resources.
Therefore, a regulated outflow irrigation
system had to be used (Nyc and Poktadek
2001, Poktadek and Nyc 2007).
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Thanks to all-year-round regulation
of the outflows, the ground water level
stopped decreasing. The operation of
dams increased the stability of surface
and ground water levels. Under regu-
lated outflow conditions the variance
in surface water levels remained below
22 cm. The coefficient of variation of
mean monthly water levels was 7%. The
level of surface water ranged from 55 to
77 cm, given the depth river of 120 cm
(Fig. 3). The highest average water levels
were recorded in March, the lowest in
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FIGURE 2. Monthly rainfall in 2009/2010 and 2014/2015 years



H[em] 2000110 2010111 201112

851

The changes of surface... 273

2012113 201314 201415

451

—Nanrd

o A djustble
15

XN IMHVVIKX I I VVIKXI I

mMVVIKX I II

VVIKX I I VVIK

FIGURE 3. Monthly average of surface water levels (H)

August. The average water level of the
multi-year was 68 cm. For ground water
levels the variance did not exceed 37 cm.
In the vegetation, the average meadow
draining depth in irrigation system was
47 cm (Fig. 4). Ground water levels
ranged from 28 cm at the March to
65 cm at the September. The analysis of
groundwater table level in the middle of
the meadow was performed considering
the minimum (30 cm) and the maximum
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drainage standard value (80 cm) (Szu-
niewicz et al. 1991). Under natural out-
flow conditions the ground water level
decreased excessively in 2012 and 2015
year. Thanks regulation of the outflows,
the surface and ground water levels were
successfully stabilized and the conse-
quences of excessive dryness in the veg-
etation period could be prevented.

In the analogous period, at checkpoints
located outside the dam impact zone, the
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FIGURE 4. Monthly average of ground water depth (h)
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variance in surface water levels amount-
ed to 31 cm. The coefficient of variation
of mean monthly water levels was 13%.
The level of water in the river ranged
from 18 to 49 cm, given 115 cm depth
of the river (Fig. 3). The highest average
water levels were recorded in March,
the lowest in September. The average
water level of the multi-year was 39 cm
and 29 cm was lower than the regulated
outflow. In the vegetation period the
variance in ground water levels reached
67 cm. Ground water levels ranged from
40 cm in March to 90 cm in August 2015
(Fig. 4). Under natural outflow condi-
tions the ground water level decreased
at the beginning of June. Similar in the
irrigated area, the highest reduction in
the level of water was recorded in 2015.
In 2012 and 2015 soil drought occurred
at drainage area. In the remaining years,
despite high precipitation, the water level
was also excessively reduced. Even in
very dry vegetation periods in hydrologi-
cal drought occurred.

A correlation analysis was carried out
in order to determine the relationship
between surface water levels in the river
and ground water levels. Tests revealed
a statistically significant relationship
(a = 0.05) between surface and ground
water levels. The results indicate that the
strongest relationship exists between the
level of water in the river and the level
of water in the centre of the meadow sec-
tion (#2=0.51). The relationship between
water levels to a strong hydraulic bond
between surface waters and shallow
ground waters that are characterized by
a similar dynamics of changes mainly
determined by the weather conditions.

The dynamics of ground water levels
in the analyzed Ambona peatland was

similar under natural and regulated out-
flow and it was mainly determined by
the impact of weather conditions. The
analysis of trends related to changes in
surface and ground water levels in time
consisted of testing hypothesis zero
regression (Murat-Blazejewska et al.
2005). According to the analysis, was
statistically significant of the surface
water and ground water.

The lowest values of depth at which
the ground water level was found were
normally recorded in the centre of the
meadow section. The lowest level of
ground water was recorded near the
drainage ditch (out of the dam). In dry
year 2015 soil drought occurred at alls
checkpoints. Analyzing the water table
level in the cross-section, the lowest
levels were observed in the river, which
proves has a draining effect on the adja-
cent areas.

CONCLUSIONS

1. In small agricultural catchment areas
with very limited water resources,
outflow should be regulated to pre-
vent hydrological and soil drought.
As a result regulation of water in the
river, the effects of maintaining large
resources of stored water were very
good. The average water level of the
multi-year was 39 cm in natural out-
flow and 29 cm was lower than the
regulated outflow.

2. In the irrigation system the average
ground water level was 47 cm. In the
area of drainage system the average
ground water level was 67 cm. The
dynamics of change in the water level
under natural outflow was clearly
higher.



3. The effect of an irrigation system
with regulated outflow on the levels
of surface and ground water depends
on correct agricultural management,
related to the land use and function of
the irrigation and drainage system and
the value of precipitation.
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Streszczenie: Wplyw regulowanego odplywu na
wahania stanéw wody powierzchniowej i grun-
towej. Celem artykutu jest analiza zmiennosci
stanow wody powierzchniowej i wody grun-
towej na torfowisku olesowym Ambona o po-
wierzchni 181 ha (Polesie Zachodnie). W pracy
przedstawiono analiz¢ zmian warunkéw meteo-
rologicznych (opady atmosferyczne). Kolejnym
aspektem badan byla dynamika wahan stanow
wody powierzchniowej w rzece Ochozanka. Do-
konano takze odniesienia gigbokosci potozenia
zwierciadta wody gruntowej do ustalonych norm

odwodnienia terenu. Badania byty prowadzone
w latach 2009/2010-2015/2016 w warunkach
naturalnego i regulowanego odptywu wody. Ba-
dania prowadzono przez 6 lat hydrologicznych
w warunkach zréznicowanego zasilania opadem
atmosferycznym. Stwarzato to mozliwo$¢ obiek-
tywnej oceny dziatania systemu melioracyjnego.
Z analizy rocznych sum opadow wynika, ze
w analizowanym okresie wystepowaty lata bar-
dzo wilgotne (2009/2010 i 2013/2014), lata wil-
gotne (2010/2011, 2012/2013), rok normalny
(2011/2012) oraz rok suchy (2014/2015). Prze-
cigtne opady z 6 lat wynosity 593 mm i byly
0 66 mm wyzsze od $rednich z 30-lecia. Roz-
ktad opadéw w ciagu roku byl nieréwnomier-
ny i wahat si¢ od 30 mm w grudniu do 96 mm
w maju. W wyniku catorocznego regulowania
wody w cieku glownym uzyskiwano bardzo do-
bre efekty utrzymania duzych zasobow retencji
wodnej. Sredni stan wody przy naturalnym od-
ptywie wynosit 39 cm w okresie wieloletnim
1 byl 0 29 cm nizszy niz przy regulowanym od-
ptywie. Na obszarze z regulowanym odplywem
srednia gleboko$¢ odwodnienia wynosita 47 cm.
Na pozostalym terenie nieobjetym dzialaniem
systemu nawadniajacego glebokos¢ odwodnie-
nia wynosita 67 cm. Dynamika wahan poziomu
zwierciadta wody gruntowej w przypadku natu-
ralnego odptywu byla wyraznie wigksza. Sku-
teczno$¢ oddziatywania systemu melioracyjnego
z regulowanym odptywem na poziomy wody po-
wierzchniowej i wody gruntowe;j jest uzaleznio-
na od prawidtowej gospodarki rolnej, realizacji
procesOw eksploatacyjnych w zakresie obstugi
iutrzymania systemu melioracyjnego oraz wy-
sokosci i rozktadu opadow.
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