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Table 2
Drainage Outflow Characteristics During the Study Period
Year Flow duration, days Annual outflow, mm
FD A, days(%) FD A, mm (%)

2001 232 141 91 (39) 173.2 131.3 41.9 (24)

2002 140 54 86 (61) 63.1 45.8 17.3 (27)

2003 159 43 116 (73) 46.4 26.5 19.9 (43)

2004 262 166 96 (37) 153.6 105.2 48.4 (32)

2005 127 51 76 (60) 64.1 594 4.7 (7)

2006 167 77 90 (54) 37.3 26.0 11.3 (30)

2007 336 193 143 (43) 192.3 151.6 40.7 (21)
Total sum 1423 725 698 (49) 730 545.8 184.2 (25)

A - difference between treatments.

One of the targets of the drainage outflow
management s raising the groundwater level in a drained
area. However, according to the research results, it is not
always possible to achieve that (Morkinas ir Ramoska,
2001). The water table depth in between the drains of
FD and CD systems differed significantly only during five
months of the entire period: it was significantly higher
in April 2002, February and March 2004 and April 2006,
while in November 2006 it was significantly lower than
in the conventional drainage treatment. There were no
significant differences between drainage treatments
during all the other periods.

"
£

mg !

The differences of the drainage outflow formation
had an impact on the variation of nitrogen concentration
in the drainage water. From the beginning of the research
till the end of 2005, the mean annual NO,-N concentration
in the drainage water of CD system was 5-13% lower
compared with the water of free drainage system (Figure
3). These results correspond to a common impact of the
control drainage - an elevated water table level creates
anaerobic conditions that promote denitrification and
decrease in nitrate concentration, herewith nitrate
nitrogen leaching is reduced (Gambrell et al., 1975; Twitty
and Rice, 2001; Evans and Skaggs, 1989).

Figure 3. Dynamics of nitrate and ammonium nitrogen concentration in drainage water.
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Extreme values of nitrate nitrogen in controlled
drainage water were found in the years of 2006-2007.
NO,-N concentration of this period in the controlled
drainage water was 29-72% higher in comparison to the
free drainage (extreme value reached 24.7 mg I and was
7% higher than MAC. According to Lithuanian standards
the maximum allowable concentration (MAC) of NO,-N
into the natural environment is 23 mg I", MAC of NH,-N
-5mgl.

The reason for such high NO,-N concentrations was
a dry summer-autumn season in 2005 and the lack of
precipitation in the beginning of summer 2006, when
only 35% of the precipitation norm fell. Because of a lack
of moisture in the soil, plants used fertilizers inefficiently.
When the drainage outflow started, better conditions for
leaching existed in CD area. Meanwhile, the water in FD
system flowed to the drains from deeper layers where less
nitrogen compounds accumulated. Due to the impact of
meteorological factors a higher NO,-N concentration in
CD drainage water lasted even for 11 months.

The concentration of ammonium nitrogen in FD and
CD water varied differently. Extreme values of NH,-N
concentration were related to heavy melting of certain
periods,whenthewaterlevelrosetothecultivatedlayerrich
in mineral nitrogen. However, they were lower than MAC.
In December 2003, the highest concentration of NH,-N
in FD and CD area reached 0.29-0.94 mg I"' and in March
2004 - 0.18-0.32 mg I"! respectively. The concentrations of
ammonium nitrogen determined in standing water of the
control device were 0.63-1.43 mg I"'. Meanwhile, there was
only 0.01-0.034 mg I" NH,-N in the water flowing out of
FD system in May 2003-2005. Such quantitative changes

originate from intense biochemical processes occurring in
standingand warming water (Suzuki, 1974).Duringautumn
2006 and winter 2007, when a pronounced increase
of NO,-N concentration was recorded in CD drainage
water, NH,-N concentration did not differ significantly:
FD-0.013mgI",CD-0.038 mg I".

In recent studies, no statistically significant differences
in nitrate concentrations have been found in the
conventional and the water table management systems.
The reductions in nitrate nitrogen loads determined
in the controlled drainage system are conditioned by
reduction in the drain outflow. Some authors propose
that up to 70-90% of the drainage outflow can be
retained by controlling the water level (Wesstrom et
al., 2003). R.O. Evans et al. (1995) stated that the total
drainage outflow may be reduced by 30%. Similar results
were obtained by other researches (Belcher and D'ltri,
1994). They concluded that controlled drainage reduced
nitrogen transport at the field edge, primarily because of
the reduction in the outflow volume. There is less water
leaving the field through the drainpipe, and therefore,
less nitrate flowing out of the drain, even if there is no
change in the nitrate concentration.

The data suggest that the amount of 4.4 t0 29.5 kg ha”'
of NO-N and 5 to 135 g ha' of NH,-N was leached
together with drainage water in FD area annually. In CD
area it was from 4.4 to 23.8 kg ha™' of NO,-N and from 6 to
167 g ha of NH,-N respectively (Table 3). Similar amount
(30 kg ha) of NO,-N lost per year was determined while
calculating the balance of mineral nitrogen, which had
been carried out earlier in the same area (Aksomaitiené
et al., 1999).

Table 3

The Amount of Nitrate and Ammonium Nitrogen Leached from FD and CD Systems n the Experimental ite.
Retention ‘-’ and Loss ‘+’' Presented as Difference (A),%

Year Crop NO,-N, kg ha™ NH,-N, g ha’
characterization FD D A% FD D A%
2001 |moderate Barley 16.7 14.4 -13.8 20 22 -75.6
2002 |dry Winter wheat 8.9 4.4 -50.6 5 8 +60.0
2003 |dry Winter wheat 7.9 4.6 -41.8 920 167 +85.6
2004 |moderate Barley 29.5 17.9 -39.3 135 116 -14.1
2005 |dry Winter wheat 10.2 9.0 -11.8 10 9 -10.0
2006 |dry Summer rape 44 4.5 +2.3 8 6 -25.0
2007 | humid Summer wheat 23.5 23.8 +1.3 78 31 -60.3
Total sum 101.1 78.6 -22.3 416 359 -13.7
Average of dry years 7.8 5.6 -28.3 28 48 +68.1
Average of moderate years 23.2 18.7 -19.5 101 53 -44.2
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The nitrate and ammonium nitrogen losses n the
experimental site were related to the drain outflow
variation depending on the amount of precipitation.
Compared with FD, the annual reduction of NO,-Nin dry
yearsin CDwas 28%.ln moderate years, the corresponding
reduction was about 20%. However, statistically these
differences are not significant. Contradictory data were
found in 2006 and 2007, when despite the decrease of
the annual drainage outflow of 30 and 21% in CD area,
NO,-N loses increased slightly compared to FD system.
That was related with greater NO,-N concentration in
the drainage water in CD treatment. The total nitrate
nitrogen losses from CD area were 22% lower compared
with FD treatment during the investigations (2001-2007).
However, on the basis of t-test these differences cannot
be regarded as statistically significant at p<0.05. On the
subject of NH,-N leaching it is difficult to identify any
consistent pattern. The values of the ammonium nitrogen
loss in particular years changed widely in both treatments
(variation coefficient CV=87-125%). Calculating the
leached amount of NH,-N within the entire study period
there was a statistically insignificant difference of 14%
between the treatments.
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Abstract

The researches were carried out from 2002-2007 in the upper reaches of the Su$vé river, a NevéZis tributary, at the pig enterprise
Limited company (LTD) ‘Litpirma’ breeding near the township of Siaulénai. LTD ‘Litpirma’ has been operating since 1978 and
produces 25 thousand fattening pigs per year, along with an associated 56 thousand m? organic fertilizers (liquid manure, slurry
and solid manure), which are spread on surrounding agricultural fields. This article presents the impact of a large pig breeding
company on the river water quality and quantifies the leaching of nitrogen, phosphorus and potassium (NPK). It is based on the
water quality research data collected from an 11.6 km section of the Suivé river, both upstream and downstream of Siaulénai,

regarding the drainage water outflow from the fertilized fields and from Siaulénai domestic wastewater.
Drainage water from 728 ha of fields that have been fertilized with organic fertilizers carry an average of 11.4 tons of nitrogen,

0.073 tons of phosphorus and 5.53 tons of potassium.

Changes in NPK quantities carried by this section of the Su$vé were calculated as follows: total nitrogen increased by an average
of 83 tons yr' (58%), potassium by 51 tons yr' (54%) and the smallest increase, for total phosphorus, by 1.2 tons yr' (48%). All of
these pollutants leached into the river during the cold season (to 60% total phosphorus and to 88% total nitrogen) when there was
no vegetative growth. A wet year affects the quantities of leached NPK.

Key words: NPK, concentration, runoff, manure, fertilization rate.

Introduction

Since the year of 2002 large pig-breeding enterprises
with the support of EU structural funds have been
applying more advanced and modern technologies for
animal husbandry raising. Although large-scale animal
farms with high animal concentration in one location
cause a greater risk to the environment than the small
ones, the development of animal husbandry/raising
enterprises has been recently orientated towards the
increase of capacity. Large animal husbandry enterprises
aremore successfulinimplementing more productiveand
cost-efficient equipment, automation of technological
processes and reduction of costs. After the scientific
evaluation of the environmental problems in Lithuania
related to animal husbandry raising in pig farming
complexes it was suggested that these complexes are
reconstructed by equipping them with the waterless
manure removal technology.

Modernized pig farming complexes fractionate the
produced liquid manure into thick fraction and slurry.
These organic fertilizers of both kinds are overspread
onto agricultural fields according to the fertilizing
programmes in agreement with the institutions of
environmental protection.

Lithuania gives priority to ecological agriculture,

countryside tourism, regular and well-balanced
development of agriculture/rural economy. All that raises
the importance of balancing the rate of fertilization with
the amount of fertilizers exported together with the
yield in order to reduce leaching into the environment
(Pazangaus..., 2000). The effect of field fertilization with
manure upon the bodies of the surface water is generally
considered as spill/spread pollution the scale of which
is determined by the kind of fertilizers, their amount,
time of their insertion, type of soil and its granulometric
composition, climatic conditions and cultivated plants
(Misevicienég, ...2002).

A Finnish scientist S.Vuorenmaa (Vuorenmaa et al.,
2002) claims that the condition of the surface water
bodies is getting worse because of the spilled pollution,
especially from the sources of agriculture. By analysing
the pollution of small rivers, the researcher indicates
that namely weather conditions not the effect of the
agriculture change occur as the main reason for the
pollution. Due to the conditions of our climate the run-
off of the rivers of Middle Lithuania constitutes the
following percentage of the annual run-off: in spring
(March-May) 48-77%, in summer (June-September)
6-13%, in autumn (October-November.) - 5-15%, in
winter (December-February) - 12-25% (Gailiusis et al.,
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2001). In spring, as soon as the weather gets warmer,
nutrients come into rivers as the mineralization product
of organic substances and as mineral fertilizer untaken
by plants. In autumn their amount in water increases due
to autumn soil fertilization and mineralization of dead
plants. Lithuanian scientists A.S. Sileika, K. Gaigalis and
G. Kutra determined that the amounts of nitrogen in the
river are the lowest during the period of plant vegetation,
which requires an extensive use of nutrients. (Sileika et
al., 2005; Kutra et al., 2002).

The aim of the workis to determine the effect of alarge
pig breeding enterprise Limited company (LTD) ‘Litpirma’
upon the quality of the Susvé river water (pollution by
ammonium nitrogen, total nitrogen, total phosphorus
and potassium). The work was performed on the basis
of the observations from 2002 to 2007 upon the water
quality of the river itself and its received drainage water.

Materials and Methods

The water quality investigations were performed in
the Susvé river, covering the sector of 11.6 km above and
below the area of the pig complex activity, in locations
$1 and S2 (Fig.1). Siaulénai gauging station has been
working since 1956. The width of the river basin up to
this place is 162.4 km?2. There are a lot of swamps (15.8%)
and forests (20.5%) in the basin. Large areas with thin
peat layer of low lying marshy land were drained and
turned into landed property of rural economy. Certain
areas constitute 53.7% of the minimal part of the basin.
The present part of the Susvé basin does not contain
any ponds or lakes as well as large industrial objects and

towns affecting the quality of the river water.

The farmland covers only 26% of the river basin
area. The quality of the water is determined by natural
conditions of the basin and agricultural activity. The
biologically treated waste water from Siaulénai town is
released into the Su$vé (on the average 130 m*d™). A pig
complex LTD ‘Litpirma’is situated near the town and has
been developing its activity since 1978.

Before the beginning of the reconstruction
(modernization) (in 2000) the annual capacity of the
enterprise was 12.0 thousand fattening pigs weighing
105-115 kg per year. In 2001-2006 average annual
capacity reached 25 thousand fattening pigs per year.
The enterprises of certain capacity keep about 1200
sows, 3200 piglets up to 20 kg and 7600 fattening pigs
weighing from 20 to 115 kg. The pollution of this kept
group of animals may be defined as the pollution of 1212
LU (livestock units). Situational scheme of the location
with indicated fertilized areas and places of water
sampling is presented in figure 1.

Accumulated organic fertilizers of the pig breeding
enterprise are kept in open containers. Each year the
enterprise stores 58 thousand m? of organic fertilizers - 25
thousand m? of slurry, 31 thousand m? liquid sludge and
about 2 thousand tones of thick manure fraction. These
resources of organic fertilizers annually contain 80.2 t of
nitrogen, 9 t of phosphorus and 47.2 t of potassium. Total
nitrogen on the average constitutes 0.657 kg in T m? of
slurry, 1.6 kg - in liquid sludge, 4.4 kg - in thick manure
fraction.

Figure 1. The location of the areas of ‘Litpirma; Ltd fertilized with organic fertilizers:

= === 3

4D, D, 5D, D, 6

1-location of production of ‘Litpirma; Ltd; 2- fertilized area; 3- villages and small-towns;
4- sampling places in the river; 5- drainage water outlet; 6 - rivers and canals.
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Organic fertilizers are used for field fertilization
in accordance with the fertilization program. Slurry
is applied to 156 ha area twice a year - in spring and
before an autumn sowing not exceeding 100 m? ha™
of dissemination loads. Liquid sludge is also applied
two times with the loads up to 50 m*ha' and thick
manure fraction is used for autumn field fertilization.
(dissemination loads up to 18 t ha™).

Annually 131.4 kg ha™ of total nitrogen, 38.9 kg ha™' of
phosphorus and 97.2 kg ha™ of potassium on the average
getinto the slurry applied 156 ha field. 572 ha of farmland
fertilized with liquid sludge and thick manure fraction
receive on the average 105.2 kg ha' of total nitrogen,
21.8 kg ha' of phosphorus and 28.8 kg ha™ of potassium
every year.These fields are planted with barley, beans and
peas which are later used as feed. All organically fertilized
areas are drained.The drainage water of the slurry applied
156hafieldisreleasedthrough2drainageoutlets(D,andD,).
D, releases drainage water from the area of 102 haand D,
from the area of 54 ha. The quality of the drainage water
revealed the amount of fertilizers coming into the river
from the fertilized agricultural fields.

The data of the Suidvé hydrological schedule
were collected from the annual reports of Siaulénai
Hydrometeorological station of Lithuanian
Hydrometeorological Service (Hidrologijos..., 2002-
2007). Sampling places of the Susvé did not coincide
with the measurement place of discharges. Accordingly
the discharges in the sampling taking places were
calculated by evaluating the difference of the basin area.
In the drainage outlets the discharges were measured
by volumetric method during the process of water
sampling.

The variation of chemical substances was estimated
according to the average weighted concentration
(Helsinki Commission (HELCOM), 1996).

NH,-N - by a spectrometric method;

N, ., — by a titrometric way having burnt the material
(Kjeldal method);

P Photo colorometric method, having burnt the
substance;

Potassium - by a flame photometric method.

Reliable limits of 5% significance level were calculated
in order to evaluate the reliability of factual variation of
water pollution. The coefficient of variation and Stiudent
criterion were calculated for the evaluation of the
variation of the pollution dynamics.

Pollutant in water was identified in the Chemical
analytical laboratory at the Water Management Institute
of LUA certified by the Ministry of Environment of the
Republic of Lithuania.

The presence of pollution is determined when higher
than maximum permissible concentration of chemical
substancesisfoundin theriver ordrainage water samples.
The water quality of the river and drainage was analysed
due to years (January-December) and seasons: warm or
plant vegetation (May-October) and cold (November-
April).

Results and Discussion

According to the data from the nearest meteorological
station, the year of 2005 was the driest year of the research
when the annual amount of precipitation reached only
401 mm, i.e. 69% of the norm. The wettest and warmest
period was recorded in 2007 when the annual amount
of precipitation exceeded the norm (115%, or 733 mm.)
The distribution of precipitation during 2007 was very
uneven: spring was dry, summer was wet, especially in
July with 159 mm of precipitation.

The same year respectively provided the highest
wateriness of theriver: the average annual river discharge
around Siaulénai reached 1.84 m*s”, when the long-term
norm is 1.3 m3? s7 (figure 2). The average discharge in
July was very high (1.59 m? s") and equalled the flood of
January. Five years of all the observation period were drier
than long-term norms. The year of 2005 was especially
distinctive with only 69% of long-term precipitation
norm. However, the least wateriness of the investigated
river was in 2005 and 2006. The average annual discharge
of that period was only 0.56-0.59 m?s™'. The average
annual weather temperature of some years was either
equal to the norm (the norm +6.0 °C) or higher than the
norm up to 1.5 °C.
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Figure 2. The average annual discharge of the Suivé river around Siaulénai.

The quality of drained water of organically fertilized
agricultural fields and NPK run-off. Substance leaching
from the fertilized agricultural fields was investigated
during the cold (November-April) period characterized by
the absence of the plant vegetation and a considerable
amount of water getting into the river from the basin
(together with chemical substances) and during the
warm period (May-October) with the process of active
plant vegetation and the use of biogenic substances for
the growth.

The amount of NPK coming into the river from the
territory fertilized with organic fertilizers (728 ha) was
determined according to the data of two drainage
outlets D, and D,. The comparison of drainage water

long term norm.

quality from both outlets revealed that the concentration
of ammonium nitrogen, phosphorus and potassium
in drainage water was higher in the outlet collecting
water from the larger area (102 ha). The concentration
of total nitrogen appeared to be converse — both annual
and seasonal concentrations were higher from the
smaller area (54 ha) (table 1). While comparing average
seasonal concentrations of the studied elements, it
was determined that the concentration of ammonium
nitrogen in drainage water was 47% higher during the
warm period whereas the concentration of total nitrogen
and potassium increased during the cold one (23 and
15% respectively). The concentration of total phosphorus
remained almost the same during both seasons.

Table 1
The Indices of Drainage Quality and Run-off (2002-2007)
Run-off | Run-off
Concentration, mg I kg ha” tyear’
D, (102 ha) D, (54 ha) D,;D,
The period Out 728
of the Ave- Hig- Low- | Ave- Hig- Low- | Aver- |Ave-rage ha
Indice | observation rage | hest est rage | hest est age D,;D, areal
Year (01-12)* 0.32 230 0.03 0.28 2.10 0.02 0.30 0.40 0.29
Warm (05-10) 0.36 3.16 0.03 0.39 2.10 0.03 0.38 0.20 0.14
NH,-N | Cold (11-04) 026 | 2410 | 004 | 013 | 042 | 002 | g20 0.20 0.14
Year(01-12) | 597 | 240 | 173 | 1570 | 2490 | 290 | 1330 | 1560 | 140
Warm (05-10) 5.63 | 1559 | 1.73 | 16.05 | 24.00 | 1048 | 10.80 4.90 3.60
Ny [Cold(11-04) | 1261 | 3.83 | 340 | 1532 | 20.80 | 9-90 | 14.00 | 10.70 7.80
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Table 1 continued

Run-off | Run-off
Concentration, mg I kg ha” tyear’
D, (102 ha) D, (54 ha) D,;D,
The period Out 728
of the Ave- Hig- Low- | Ave- Hig- Low- | Aver- |Ave-rage ha
Indice | observation rage | hest est rage | hest est age D,;D, areal
vear(01-12) | 911 | 560 | 003 | 004 | 012 | %°" | 007 | 0.0 0.07
Warm (05-10) 0.11 2.30 0.06 0.05 0.12 0.01 0.08 0.04 0.03
Pow |COID(11-04) | 012 | 352 | 003 | 003 | 008 | 001 | 007 | 0.06 0.04
Year(01-12) | 68 | 560 | 320 | 5.6 | 079 | 380 | 600 | 7.60 >33
Potas- |Warm (05-10) 6.00 2.30 3.20 4.99 6.00 3.80 5.49 2.60 1.89
sium | Cold (11-04) 754 | 1210 | 350 | 533 | 670 | 390 | 643 5.00 3.64

*01-12- Janv-Dec; 05-10 May-Oct; 11-04-Nov-Apr.

Each year 11.4 t of nitrogen, 0.07 t of phosphorus and
5.53 t of potassium on the average were discharged into
the Sudvé river by the drainage from all fertilized 728
ha area. Biologically treated waste water from Siaulénai
town was discharged into the investigated Suvé section
between the measurements 51 and 52. The calculation in
quantities (t year') revealed that during the investigated
period on the average 13.6 t year' of total nitrogen
came into the Su$veé basin from the enterprise and the
town. The main part of the pollution was constituted of

2.50

the pollutant from the pig breeding enterprise (84% or
11.4 t year”). Only 2.2 t year" of total nitrogen together
with the biologically treated waste water came into the
river from the town.

During theresearch period the averageriverdischarge
of the warm period around Siaulénai ranged from 0.17-
0.45, except the wet period of 2007 when it increased
up to 2.28 m3s™. The river discharges of the cold period
ranged greatly from 0.75 (2006) to 2.29 (2004) m3s™
(Figure 3).

2.00
1.50 +
1.00 A

Discharge nts™!

0.50 1

0.00

2002
2003

2004

2005
2006
2007

Figure 3. The average discharges of the Sugve river during warm and cold periods in 2002-2007
1- may-october-month; 2 — april-november month.

The comparison of the average concentrations of the
investigated substances during cold and warm periods
revealed that the concentration of total nitrogen during
the cold period is 2.1 times higher than during the warm
period. The concentrations of potassium and phosphorus

were similar. However, the calculation of the run-off of
the substances indicated that during both warm and
cold periods the run-off of nitrogen, phosphorus and
potassium increased by 57-74% in the investigated
section of the river (Table 2).
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Table 2
The Average NPK Concentrations and Run-off During Warm and Cold Periods
Season of the | The investigated Concentration mg I Discharge t year” Percen-

year substance S S S, S, 55, | tage

S

1
Warm period N,gcal 2.79 2.95 0.16 20.0 34.0 13.0 66.0
(May-October) P, 009 | 0.10 0.01 07 | 1. 04 | 610
Potassium 3.06 3.25 0.19 22.0 37.0 15.0 66.0
Cold period N 5.64 6.25 0.61 147.0 | 256.0 109.0 74.0
(November- |p 007 | 007 0.00 20 | 30 10 | 570
APl footassium 203 | 3.3 020 | 770 | 1280 | 520 | 680

Meteorological conditions of the year have great
impact upon the quality of the river water and the
amounts of leached pollutants of the fertilized fields. The
investigated period dealt with very dry years, like 2003
and 2006 with the probability of 90-99% and wet and
extremely wet years (2004-2007) with the probability of
36 and 11% respectively. The concentrations of NPK and

the leach varied each year. The highest concentration
of these elements was determined during drier years.
However, clear dependence upon the wetness of the year
was absent (Table 3). The average NPK concentration and
the run-off during the year of different wetness ranges
up to 2-4 times. However, a close connection between
these values was not found.

Table 3
The Average Annual NPK Concentration During the Years of Different Wetness
Year | Probability The di-scharge of Nl ol Potassium
in percent the river, m3s™ mg | mg | mg |

S, S, S, S, S, S, S, S,
2007 11 1.84 2.89 5.72 5.78 0.05 0.05 1.90 2.40
2004 36 1.38 2.17 3.69 3.91 0.11 0.11 2.75 2.92
2002 49 1.16 1.82 3.00 3.27 0.09 0.10 3.90 3.97
2005 80 0.89 1.40 3.75 4.70 0.10 0.08 3.18 3.18
2003 91 0.64 1.00 3.98 4.00 0.06 0.07 3.38 373
2006 99 0.47 0.73 7.55 7.65 0.06 0.06 2.90 2.80
Max - 1.84 2.89 7.55 7.65 0.11 0.11 3.9 3.97
Min - 0.47 0.73 3 3.27 0.05 0.05 1.9 24

The run-off of NPK (t year’') varies greatly due to
the wetness of the years. Their interdependence is best

represented by the polynomial equation (Figure 4).
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Figure 4. The dependence of the run-off of total nitrogen and total phosphorus on the discharge of the Susvé
above (S,) and below (S,) Siaulénai.
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The possession of the discharge data of the river water
quality allowed calculating the increase in the run-off of
N and P pollutants in the section between $1 and 52 due
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to the wateriness of the river. Mathematical dependences
of the run-off are presented in Figure 5.
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Figure 5. The increase in the run-off of total nitrogen and phosphorus due to the discharge of the river.

The greatest increase in the run-off of total
phosphorus was determined when the wateriness of
the river corresponded to 25-30%. Further increase in
the wateriness causes less variation of the run-off of this
pollutant, because of the achieved limit of the amount
leached from the fields. Total nitrogen does not have

such a limit. The run-off of this element increases from
50 t to 200 t year' due to the increase in the wateriness.
The highest run-off was recorded during the wettest
years (probability 11%) (Figure 5).

Table 4 presents the dependence equations of NPK

run-off.
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Table 4
The Equations of the Dependences of NPK Run-off Increase in the Investigated
Basin on the River Wateriness
The equations Run-off t year The
Max ] The chaffer coefficient of
Average Min correlation
N 99 195 46 y =5.7245x2 - 119.7x + 104.65 k=0.94
ot 14 2.0 0.8 y =-0.6753%x2 + 2.671x - 0.6603 k=0.93
Potassium 66 109 22 y=-21.142x2 + 100.88x — 39.02 k=0.96

Conclusions

1.

Every year 11.4 t of nitrogen. 0.073 t of phosphorus
and 5.5 t of potassium on the average come by the
drainage into the river from the organically fertilized
area of 728.0 ha of the pig-breeding enterprise.

agricultural fields fertilized with organic fertilizers
during the cold period when plants do not vegetate:
nitrogen - 68.6, phosphorus — 60.0 and potassium
- 66.0% of the annual amount.

4. The NPK concentration during the year of different

2. The average concentration of NPK in the Susvé river wetnessranges 2-4 times. However, a close connection
below the agricultural fields fertilized with the organic between the discharge of the riverand average annual
fertilizers increased slightly: total nitrogen - 0.007, concentration was not found. The dependence of the
total phosphorus - 0.010 and potassium 0.180 mg | run-off of NPK and the discharges of the river may be

3. The greatest amount of pollutants (NPK) come into presented by the polynomial equation.
the river together with the drainage water from the
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Abstract

The research of the draining surface water from drained areas has become relevant with an increase of drainage system areas.
In order to maintain a sufficient drainage efficiency by the draining surface water from the drained fields the density of open
inlets for the surface water had to be increased to 5.5 u 100 ha'. That was determined by the density decline of the open ditches.
The observations of the technical condition of open inlets for the surface water in the drained fields of the country have been
performed since 1986. It was established that prevalent type of the inlets is F-5 design. Such inlets amounts over 90% of all tested
ones. The article discusses the condition of the inlets of such type, evaluates the selection of the installation location, conditions of
surface water running to an inlet and the condition of water inlet openings.

The research demonstrated some disadvantages of inlet designs, quite a few mistakes of installation and breakdowns during
operation. A clear increasing tendency of water inlet openings being blocked by the ground and vegetation was established: in
1986 11.1% of water inlet openings were completely blocked, in 1996 the percentage was 20.8% and in 2007 it was 42.9%. On the
basis of this it can be stated that the inlets with halfway blocked openings will stop functioning soon as well if the maintenance

work is not carried out in good time and an appropriate way.

Key words: drainage maintenance, open inlets for the surface water, wetland.

Introduction

Open inlets for the surface water are designed for
draining larger amounts of the surface water from
lower relief locations to the drainage network and for
regulating surface runoff while protecting fields from
erosion (Brown and Ward, 1997). Draining of the surface
water is more relevant during wetter years and especially
in spring; besides, the water draining problem is the more
relevant the heavier drained soils are. The average areas
of close depressions in the ground, which collect surface
water, are not large compared with the entire drained
land area; however, farmers suffer considerable losses in
such fields: crops soak in hollows, it is not possible to sow
in time and harvesting is complicated. Uncluttered, well
maintained open inlets for the surface water facilitate
avoiding harvest losses and performing a timely draining
of surface waters. They can be open and blind type.

In foreign countries open inlets for the surface
water are not popular due to the risks of silting up and
polluting surface waters with different pollutants coming
from the agricultural land (Christopher, 1999). Most often
establishing flat slope watercourses or excavating ditches
solves the problems of the surface water; sometimes
blind inlets for the surface water are recommended (Stuyt
et al,, 2005). Farmers into intensive agricultural activities
are recommended by environmentalists to change the
existing open inlets with blind inlets of bulk materials
(stones, rubble, and gravel). In such a way drainage

failures due to silting up are avoided as well as the
pollution of open water bodies with biogenic materials
and chemicals used in agriculture is reduced (Ginting et
al., 2000; Moncrief and Hansen, 2002).

In Lithuania draining of the surface water by open
type inlets is rather common. In 1959 there were 350
units of them installed, and the density in drained areas
was only 0.32 u 100 ha™. Year by year with an increase of
the scale of drainage areas the number of open inlets
for the surface water in the drainage systems increased
as well. On 1 January 2007 their number was over 142.2
thou u and the density increased up to 5.5 u 100 ha™
(Melioruota ..., 2007).

Serial production of different design inlets (Saulys,
1999; 2001; §au|ys and Bastiene, 2007) from the built
in sections of ferroconcrete and recently - from plastic
components (PN-42) and easy assembling in installation
location determined the spread of these land reclamation
installations. Some of them are really popular, others
are not so numerous and some can only be found at
experimental sites. Inlets prevent the land cultivation,
and though the average density of them in drained areas
is 5.5u 100 ha™, in the arable land they are not numerous
- one inlet per 200 ha on average. Most often inlets are
installed near the edges of permanent arable fields.

The investigations of the drainage system condition
carried out in Kédainiai district showed that the most
common drainage breakdowns are related to the drain
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silting with ground particles (21%) and deformations
of open inlets for the surface water (13%) (Buozis and
Bastiene, 1998). The breakdowns of open inlets for the
surface water are clearly seen on the contrary to the
drainage ones. Their cause and the required amount of
repairing works can be easily identified. It is more difficult
to identify the extent of hidden drainage breakdowns.
Such breakdowns include drain silting with ground
particles. Beside other reasons of such a breakdown
occurrence it is as well the result of breakdowns of open
inlets for the surface water.

The research objective is to establish the maintenance
efficiency of open inlets for the surface water, their
breakdowns and the dynamics of deformations in order
to ensure timely surface water drainage from the drained
areas.

Materials and Methods
The investigations of the technical condition of open

inlets for the surface water in the drained fields of the
whole country were carried out in the years of 1986,
1996 and 2007. In analysing the technical condition of
open inlets for the surface water and their maintenance
the inlets of various types (F-7, F-5, F-5-1, PVN-3 and
PN-42) were observed using the expedition method. The
observation data were registered in a specially designed
card, in which the data of inlet installation and technical
condition were written down. The condition of the inlet
lid and the amount of silt in inlets (drain junction spot
was uncovered, if needed) were recorded, the selection
of the inlet installation location and the conditions of
surface water inflow/run to the inlet, the condition of
water inlet openings, etc. were assessed.

Now the most common inlets in Lithuania are those
of F-5 design (Fig. 1). They consist of 90 cm diameter lid
(1), 58 cm diameter well ring with a bottom (6) with an
opening for a drain (4) to attach (Saulys and Bastiene,
2007).

7 » D9Ocm> )

D 58 cm
~{ »

Figure 1. Open inlet for the surface water F-5.

A drain starts with a perforated tube made of asbestos
cement. Above the tube a blind inlet of sand and gravel
mixture (3) is installed to have water faster drained from a
sediment trap (2). The trap base around the inlet is paved
with concrete slabs (7). A space for sediment to settle (5)
is left inside the inlet F-5.

The following numbers of F-5 design inlets were
observed: in 1986 - 72, 1996 - 125, 2007 - 84 u. The
observations of open inlets for the surface water during
different seasons revealed some drawbacks of their
designs, considerable faults during installation and
breakdowns during the operation period.

The data collected were processed using mathematic-
statistical methods (descriptive statistics, frequency
and correlation analysis); indicator variation tendencies
describing the condition of inlets were established.

Results and Discussion
The Melioration Cadastre registers quantitative
changes of reclaimed land areas. The analysis of the

cadastre data allows the evaluation of tendencies,
condition and actual state of the reclaimed land and
installing land reclamation facilities in natural indicators.
With an increase of drainage area the length of open
ditches increased as well. The dependence between
drainage area and open ditches length can be expressed
by linear regression equation (correlation coefficient
r=0.98):

L=16.91 A+10.02, (1)

here L - length of open ditches km;
A - drainage area thou ha.

In 1957-1958 when only 48.1-68.6 thou ha were
drained in Lithuania, the length of open ditches per
hectare of drainage area was 196-141 m. During the
next decade, when drainage area increased 10 times
(in 1967 617.6 thou ha had been already drained), the
length of open ditches decreased to 25.0 mha’, i.e.
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7.8 times. During the later period of drainage system
installation the length of ditches remained stable (in
1977 - 24.4,in 1986 — 20.6, in 1997 - 20.3 and in 2007 -
20.3 m ha™ respectively) (Melioruota ..., 2007).
According to the data of the Melioration Cadastre the
number of open inlets for the surface water increased by
exponential dependence (correlation coefficient r = 0.99)
with an increase of the drainage area:
N=1.14 e'884, (2)
here N - number of open inlets for the surface water
thou u;
A - drainage area thou ha.

In analyzing installation dynamics of open ditches
and open inlets for the surface water three stages can
be distinguished. At the first (I) stage (1957-1970) with
an increase of the length of open ditches per drainage
area hectare the number of open inlets for the surface

water was slightly increasing as well (Fig. 2). 28.7 ha were
drained additionally and 0.36 of open inlets for surface
water installed per each additionally excavated kilometre
of open ditches. At the second (ll) stage, 1970-1990 the
situation changed. For example, in 1978-1988 86.3 ha
were drained additionally and 9.88 of open inlets for the
surface water installed per each additionally excavated
kilometre of open ditches. These figures clearly indicate
thatin the seventies when installing drainage systems the
greatest attention was paid to the efficiency of drainage,
especially to draining the surface water from the drained
areas.

During the independence period (stage Ill) starting
from 1990 the extent of new drainage system installation
and renovation of the existing ones has been decreasing
due to known reasons (§au|ys, 2001). Itis natural that the
density of open ditches (20.3 m ha) and open inlets for
the surface water (5.5 u 100 ha') has remained stable
(Smilgevicius, 2001).
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Figure 2. Density of open ditches and open inlets for the surface water (OISW) in drained areas.

During the research there was no special searching
for the inlets of certain design; therefore, it can be stated

the results it was established that over 90% of inlets were
of F-5 design. The inspection data on the inlets of this

that the data collected was random. Having summarized  design are presented in Table 1.
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Table 1

Dynamics of the technical condition of F-5 open inlets for the surface water (OISW) in the country’s fields

Indicator of technical condition 1986 1996 2007
in place 64 /0.889 102/0.816 72 /0.857
thrown down 8/0.111 17/0.136 10/0.119
Lid none -/- 6/0.048 2/0.024
well 68/0.944 119/0.952 80/0.952
Location of OISW installation
selected bad 4 /0.056 6/0.048 4/0.048
good 54/0.750 81/0.648 64/0.762
Water inflow conditions bad 18/0.250 44 /0.352 20/0.238
clean 42/0.583 44 /0.352 20/0.238
Inlet openings blocked with 50 % blocked 22/0.306 55/0.440 28/0.333
ground or covered with
vegetation completely blocked 8/0.111 26/0.208 36/0.429
Soil surface damaged by yes 19/0.264 28/0.224 14/0.167
ploughing no 53/0.736 97/0.776 70/0.833
yes 8/0.111 9/0.072 10/0.119
Inlet damaged mechanically |no 64 /0.889 116/0.928 74 /0.881

Note. Number of observed inlets / frequency of indicator repetition.

According to the data of 2007 the inlets with lids in
place made 85.7 %, the ones with thrown down lids made
11.9 % and the ones without lids at all - 2.4%. Before that
(data of 1986 and 1996) the percentage of inlets of this
design with thrown down lids and without lids was 11.1
and 18.4% respectively (§au|ys, 1999) and now it is 14.3%.
This shows that the situation is nearly the same. The most
common reason for lid throwing down is the operation of
broad land cultivation machinery.

A tractor operator is not always to blame for
damaging open inlets for the surface water during the
land tillage. Often these land reclamation installations
are difficult to notice as there are no columns marking
spots of inlet installations or they are turned over on
numerous occasions. The operators do not know the
sites of installations, cannot see them; thus, the inlets are
covered with soil or just damaged.

There are more numerous cases that the lids of F-5-1
design inlets are thrown down more often. Their lids are
easier thrown down due to the design peculiarities as
well (twofold, poorly attached).

Speaking about installation locations of open inlets
for the surface water it can be stated, that they were not
selected in the best way all the time. Four to six inlets
from one hundred were installed in wrong locations.

This indicator does not vary year by year. However, it is
worthwhile mentioning that now the locations of open
inlets for the surface water prepared now are most often
selected incorrectly.

When the conditions of the water inflow to an inlet
are poor, during spring melting or in summer after the
rainfall the inlet surrounding area is dry and nearby pools
of water can be observed. Such faults of installation can
be seen quite often. In 2007 about 23.8% of such inlets
were found - mainly in arable land. Previously badly
managed soil surface near inlets F-5 made 25.0 (1986)
and in 1996 it was 35.2% (§au|ys, 1999). Such frequency
is related with the selection of installation location of an
open inlet for the surface water.

As inlets prevent from performing land tillage
operations, they are often installed near the edges of
permanently tilled fields, i.e. not in the lowest spot of
the surrounding area. In such cases flat sloped beds are
shaped or the soil surface is formed in a way to facilitate
surface water inflowing to an inlet without obstacles.
When preparing drainage, good conditions for the water
inflow to an inlet are created; the problem is that they
worsen later under inappropriate tillage of drained land.

While inspecting, it was established that due to
inappropriate ploughing, the conditions of the surface
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water inflow had been worsened in the case of 65% of
inlets. In the case of nearly one third of inlets installed on
the arable land the soil surface around was damaged by
other tillage equipment. As yet only a small number of
land users level down the soil surface around inlets: on
numerous occasions people do not think about the way
the surface water flows to an inlet.

The most common deformation of F-5 design inlets
is silting of the water inflow openings with ground and
overgrowing with vegetation. According to this failure
inlets are divided into three groups: | - inlet water inflow
openings are clean, Il — water inflow openings are semi-
blocked (50%) and Ill - openings are completely blocked.
Having summed up the research results of 2007 (Fig. 3),
it was established that in the case of 23.8% of inlets the

water inflow openings were completely clean, 42.9% of
inlets were found with completely blocked water inflow
openings; the water inflow openings of the remaining
33.3% of inlets were half blocked.

The percentage of the inlets with completely blocked
openings in the arable land was over 80% and in pastures
- only 33%. The more numerous cases in pastures were
the inlets with halfway blocked, mainly overgrown water
inflow openings (56%). These figures prove that sediment
traps perform their function. Each year during the spring
flood and heavy rainfalls sediment is retained by them.
When the sediment is not cleaned, turf is formed which
reduces the size of the inlet water inflow openings as well
as permeability.
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Figure 3. Blockage variations of the inlet water inflow openings.

According to the data of 1986 F-5 design inlets with
completely blocked water inflow openings made 11.1%
and in 1996 the percentage was 20.8%. Now this failure
can be observed more often (during the last decade it
became double and in 2007 it was 42.9%). Thus, there
is a clear increasing tendency of water inflow openings
blocked with ground and overgrowing with vegetation
and - which is really saddening - a clear decreasing
tendency of inlets with clean water inflow openings.
Whereas in 1986 such inlets accounted for more than
a half (58.3%), today they make less than a quarter
(23.8%).

Due to such a change of opening condition of the
inlets, the water inflow openings of which are halfway
blocked will soon become dead, if their sediment traps are
not cleaned. It seemed that with the change of approach
towards ownership farmers and members of agricultural
companies will pay enough attention to the maintenance
of inlets. However, although a lot of discussions have
been carried out regarding the necessity to maintain

and clean open inlets for the surface water, during the
research period few cleaned inlets were found.

The data on mechanically damaged inlets show that
the number of such failures is not decreasing (it is still
over 10 %). If a tractor with agricultural machinery runs
over inlets, inlet lids are thrown down or broken, a well
ring is tumbled. Such inlets are difficult to repair; in many
occasions they have to be installed anew.

The discharge of open inlet for the surface water Q is
calculated by the formula:

L= in Bainiig (3)

here y,,,, — discharge coefficient of an open inlet for
the surface water;

A - area of drain for water draining;

H, - reduced pressure elevation - difference in water
levels in front of and beyond the inlet having evaluated
rate elevation.
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Inlet experiments carried out in the stand of hydraulic
investigations showed that discharge coefficients of inlets
F-5 and F-5-1 were 0.66 and 0.67 (Fig. 4) respectively,
when the diameter of the drain attached to the inlet was
150 mm. These discharge coefficients assess all inlets of
a system - resistances at draining by a drain, when the

inlet water inflow openings are clean (Rimkus and §au|ys,
1998). When the water inflow openings are halfway
blocked, the discharge coefficient is lower respectively
and when the water inflow openings are completely
blocked, Moy =0.
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?;) 0.65 / .................................................................... F _5 .......
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Figure 4. Discharge coefficients of water inlets F-5 and F-5-1 design.

The measurements of water inflow velocities carried
out in the stand of hydraulic investigations showed that
they did not exceed critical limits of washing rates, even
if inlets could be installed on weak grounds in terms
of washing. Velocity distribution diagrams according
to depth near inlets F-5 and F-5-1 (Fig. 5) show that
bottom velocities (measured at 8, 20 and 35 cm distance
from the edge of inlet lid, when the maximum discharge
is passed) do not exceed 10 cm s . Therefore, paving with
concrete slabs around an inlet is justified more in terms
of maintenance (the ground precipitated in the sediment

trap can be easier removed from concrete slabs) than
ground washing.

The advantage of open inlets installed in drained
areas over other means (blind inlets, multiplexed drain
network, increasing permeability of drainage ditches) of
draining surface water is the capability of open inlets to
drain larger amounts of water accumulated in lower parts
of the relief. Disadvantages include regular maintenance
and contamination of main canals as the polluted water
coming from drained areas pass into ditches, streams
and lakes directly.
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Figure 5. Velocity distribution diagrams according to the depth near inlets F-5 and F-5-1 design.

Contamination reduction measures could be the
installation of bank protection strips of sufficient width
or retention of the surface water runoff. When there is a
close hollow of considerable size on drained land and it
has to be tilled later in spring due to uneven area drying,
this area would be better remained untouched instead
of installing additional drainage means. In terms of
environmental protection wetland would be more useful
tosetupinsuchaplace;itwould collect the surface water.
A protection strip for water bodies could be set up around
it; the strip would prevent biogenic materials and other
pollutants from entering drainage as well as the main

canal (Fig. 6). According to foreign scientists (Puustinen et
al., 2001; Reinhardt et al., 2005) such artificial wetlands are
an effective means to reduce nonpoint source pollution.
According to the data by G.W. Raisin (1996) wetlands can
retain up to 23% of nitrogen and 38% of phosphorus
coming from the drained watershed.

In order to drain surplus water from a wetland an
open inlet for the surface water should be installed. While
planning such operations it is necessary to remember
that tree roots can block drains; therefore, trees should
be at least 10 m away from drainage lines or drainage
lines should be made of imperforated plastic tubes.
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Figure 6. Scheme of wetland set up.

Today the works of maintenance, repair or
reconstruction of open inlets for the surface water
within a land parcel are organized and financed by the
landowner. We would like to believe that now, when
the Melioration Law legitimized private ownership of
land reclamation facilities (all land reclamation facilities
belong to a land parcel and are in the ownership of the
parcel owner), farmers will pay appropriate attention
towards the maintenance of open inlets for the surface
water to avoid expensive repair works of both inlets and
systems of drainage.

Conclusions

1. In order to maintain sufficient drainage efficiency
while draining surface water from drained fields, the
decrease in the density of open ditches (down to 20.3
m ha') determined the increase in the density of open
inlets for the surface water up to 5.5 u 100 ha™.
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Abstract

After a 16-m high dam was constructed and a 297-ha pond was arranged in the river Susvé nearby Angiriai in 1980, the
previous natural flow regime of the river has changed: 15500000 m? of water accumulated above the dam is not discharged via a
natural bed, but through two 1.5x1.5 m bottom orifices, and flood discharges (up to Q,,,
reach through a 16-m high shaft spillway of floods. Such arrangement of the Angiriai dam ensured it to become an essential
obstacle for migrating fish. In 2000, after the arrangement and operation of Angiriai hydro-electric power station, the water regime
downstream the dam has been changed and new hydrological pulses as well as ecosystem biodiversity are to be adapted. Thus,

=296 m3s7) are directed into the lower

the operation of Angiriai HPS on the river Sudvé generating hydroelectric power can have adverse effect on the river habitats and
hydro ecological connectivity. To evaluate the effect, the eco-hydraulic water regime measurements in 2005 in a lower stretch with
and without turbines operating were made. The study results showed that artificial water levels fluctuation (= 4 m hr') induced
by Angiriai hydro-electric power station as well as the discharge flowing through the bottom orifices due to high velocities

(13-14 m s) and temperature differences could create stressful situations for young fish in the lower bank.
According to the data of soil texture of the Susvé river, the bed armoring process is going on below the Angiriai HPS is quasi-

stable and no impact of HPS operation is found.

Key words: river below the dam, artificial hydro pikes, impact on ecosystems.

Introduction

The hydro-electric power station located on the river
Susvé is a typical example of the operation of small and
mid-sized HPS in the plains of Middle Lithuania. After
a 16-m high dam was constructed and a 297-ha pond
was arranged in the river Suivé nearby Angiriai in 1980,
the previous natural flow regime of the river has been
changed: a 15500000 m? pond has been formed, from
which the wateris discharged into the lower bank not by a
natural bed, but through a 16-m high shaft flood spillway
arranged in the pond. During the flood this spillway
is able to release a flood discharge of Q,,, = 296 m*s™,
which means that the highest water levels and flow
discharges have not changed. However, the transforming
effect of the turbines may be significant for the lowest
river discharges and velocities of the dry period of the
year when the water may flow into the lower stretch
only through two 1.5x1.5 m orifices and the environment
protection discharge (0.340 m3s™) is taken from the
bottom of the pond. According to S.J. Peake (2004), critical
swimming speeds of a small mount bass (Micropterus
dolomieu) range from 65 to 98 cm s and are positively
correlated to fish length. The investigations of the habitat
density distribution in the Austria river Drau show that
about 80% of fish select water flow velocities 0.2-0.5ms
and the depth till 0.5 m. Spanish researchers

(Alonso-Gonzalez et al., 2004) have determined that
frequentunnaturalfloods occurringduringtheincubation
period may significantly reduce the amount of young fish.
(Spina, 2001). Frequent artificial floods may also result in
a negative effect to aquatic vegetation (phytoplankton).
However, a contrary effectis also possible, when the flood
water improves the conditions for the fish spawn survival
in reed in drought. Other researchers (Bustamante et
al., 2004) confirm that low dams (up to 3-m high) make
no negative effect on the development of macrophytes
and the movement of plankton, although higher N
concentrations have been observed in small ponds, and
comparatively short residence time of nutrients does
not ensure favorable conditions for denitrifying bacteria.
Speaking about medium or large dams (h>10 m), their
effect is significant - large ponds act as bioreactors
transforming nutrientsinto the plankton mass, and results
in more stratified less oxygen saturated and colder water
outflow from bottom orifices of such dams (Navarro et
al, 2004). Changes in the hydraulic regime also affect
the development and spread of mollusca and larvae
populations, as well as the distribution of algae mass and
growth of macrophytes (Medvedeva, 2004; Breugnot
et al., 2004; Franklin et al., 2004). The erection of a dam
on a river and an increment of water depth in the pool
cause the decrement of water velocity and increased
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sedimentation of sand and silt there. Dams of hydro-
electric power stations (HPS) can change significantly
the connection and existence conditions of ecosystems
(Alonso-Gonzalez et al., 2004). As the researcher G. Sabas
has concluded (2005), rapid water level fluctuation pulse
below the dams of Lithuanian HPS significantly effect
on the natural regime of rivers and must be regulated
in respect of standards of Lithuanian ecosystem
(0.2 m h"). Recent research, however, suggests that fish
react to locally environmental factors that operate at a
fine-scale (Kemp et al, 2004). The direct observation
of their behavior revealed that individuals elicit strong
avoidance when they encounter areas where hydraulic
conditions change rapidly.

On the basis of the data obtained, a hypothesis has

been made that artificial flooding due to the operation
of HP station can create a stressful situation for aquatic
ecosystems of the Su$vé during the dry period in lower
reaches of the river. The objective of the study was to
evaluate the impact of the operation of turbines on the
existing conditions of ecosystems of the river Sudvé below
the Angiriai dam during the dry period of the year.

Materials and Methods

To evaluate the effect of Angiriai dam on the
eco-hydraulic water regime of the river Suivé, water
flow velocities were measured and the environment
protection discharge was calculated in three profiles of
the lower reach during the dry period of the year on 14
July of 2005 (Figure 1).

N\ (JosvAINIAL
\CQ SV ?3$\P»

Figure 1. Location of study places below Angiriai dam in the river Sugve:
(D Inthe pond; @ 300 m below the dam; ® 1500 m below the dam; @ 3000 m below the dam

Measurements of water flow were made with the help
of a micro-propeller flow meter with micro-computer
calculation system. Moreover, samples of water and
bottom bed-armored soil were also taken; their turbidity,
the oxygen saturation degree, grain-size composition of
river bed, water temperature regime and nutrient (N-NO,
P, O,) pollution were determined under the laboratory
conditions. Concentrations were determined by the
spectrometric method, using an FIA star 5012 analyzer,
according to the water quality investigation standards
(LST EN 1SO 13395:2000; LAND 38:2000). Measurements
were replicated having started operating one turbine
with the nominal power of 500 kW (discharge 5.5 m3s™).
The material and data of previous investigations were
also analyzed (Vaikasas and Poskus, 2006)

Results and Discussion

During the investigations the stones of the bottom
were covered with algae film saturated with nutrients.
With minimal discharges, water visually seemed to be
clean; a 2.0-2.5-m wide flow was meandering at the

depth of 0.3-0.5 m. In some places the flow developed till
the whole width of the riverbed. Changing flow velocities
depended on barriers of vegetation (rushes) and large
stone islets (0.3-0.4 m). Below the dam, banks of the
river Susvé were overgrown with willows and bushes.
However, a 100-200 m long strip of the bank situated
below the dam is less overgrown with vegetation due to
a continuous gradient fluctuation; therefore, there were
almost no shadows on the riverbed. As the determined
runoff modules of September and October of 2002 show
that theriver discharge below Angiriai was not lower than
the environmental discharge - 340 | s (Pauliukevicius,
2004).

During the dry period of the year on 14 July of
2005 in the upper part of the pond extreme measured
water temperature was 27.5 °C, i.e. it exceeded the air
temperature (t, = 25.5 °C). Slopes of the pond in the
upper bank of HPS were also overgrown with bushes and
rushes, and smaller than 0.01 mm particles (clay and silt)
made up even 97.8% in the soil of the bottom. As one can
see, these are typical examples of the bed of the pond

297



IMPACT OF ANGIRIAI HYDRO - POWER STATION ON THE ECOSYSTEM OF THE RIVER SUSVE

Saulius Vaikasas, Kestutis Palaima

and a lower bank. No erosion of slopes was detected in
the pond.

Considering the environment protection
requirements, the intensity of the water level lowering
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should not exceed 0.2 m per day in the pond. But below
the Angiriai dam the intensity of fluctuation significantly
exceeded the 0.2 m value (Figure 2).

N W R W

Q m's’

0 T I T T
June July August September October

Figure 2. Everyday discharges at Josvainiai water measurement post before (a) and after (b) the construction of
hydro-electric power station in 2003.

These sudden and frequent fluctuations of runoff
indices may have a negative effect on the ecological
conditions of the coast. However, although the
fluctuations are more intensive during the cold period
of the year, their negative effect on the ecosystems
of coasts is less significant. This is because the vitality
is less active in winter. Those are the reasons why the
stress experienced by the ecosystems in summer is more
influential (Kesminas and Virbickis, 1999).

The changes of everyday discharges due to the HP

station may also be evaluated having compared the
discharges of different years (Fig. 3). As one can see, after
the construction of the Angiriai dam in 1980 the spring
peak discharges of the Sudvé decrease on 25-30 %.

Having started operating the hydroelectric power
station, periods of the smallest discharges from the
pond became longer (Figure 4). Longer duration of
small discharges ensures more intensive growth of
macrophytes.
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Figure 3. Data of annual hydrograph in Josvainiai post (before the construction of Angiriai dam (1) after the
construction of Angiriai dam (2) and during the operation of hydro-electric power station) (3).

However, there is no data available about the
overgrowth of the bed before the construction of the
electric power station.

298



IMPACT OF ANGIRIAI HYDRO - POWER STATION ON THE ECOSYSTEM OF THE RIVER SUSVE

Saulius Vaikasas, Kestutis Palaima

31
,ms
P Y, B e)
oS O O

Discharge
B W
S O

—_
(=)

(]

90

60

120 150 180 210 240 270 300 330 360

Days

2002

2004 2005 — — Max discharge of HPS

Figure 4. Duration of discharges released through the shaft spillway of the dam in different years.

The smallest discharge and velocities distribution
during the dry period was measured in 2005 in 3 bed
cross-section profiles at 200 m and 300 m below the dam.
In all profiles the water depth did not reach 30 cm during
the measurement, and the water flow did not occupy the
whole width of the bed. The distribution of flow velocities
differs significantly from the shape of the cross-section;
actually, it depends on the grass cover of the bed.

After the hydroelectric power station is turned on, the
discharge suddenly increases from the measured minimal
372 1 s to 5800 | s (when one aggregate is operated)
or even to 10800 | s'. Water at 200 m below the dam (at
profile 1 of minimal discharge measurements) rose by
0.7 monthe average, and maximal flow velocity increased
from 0.36 to 0.98 m s™. During the artificial flood induced
by the hydroelectric power station water level rose by
0.45-0.7 m within 5-10 minutes, and the highest flow
velocities increased up to 0.6-0.85 m s’ at the coast
and 0.93-0.98 m s in the middle of the river channel.
Therefore, particularly during summer and autumn
months when the base flow varies around 0.35 m®s™, the
riparian areas of river are severely affected by continuous
water pressure and flow velocity fluctuations.

Theintensity ofthewaterlevelfluctuationwas4.2mh™.
It is the largest intensity of the measured fluctuation
compared with other Lithuanian HPS (Sabas, 2005). Values
of velocities distributed more evenly, water inundated
shallow places and lay down the macrophytes. Visually,
water became more turbid and similar to the floodwater.
Turbulence of water released from the turbine into the
retention pond also increased, which resulted in higher
concentrations of dissolved oxygen (11.78 mg ). It
showed that the flow discharges and velocity fluctuations
due to the electric power station action are significant
and similar to velocities caused by storms and spring
floods.

During the measurements, the average N-NO,
concentration on the surface of Angiriai pond was
3.4 mg I'". Bottom orifices are arranged in the lowest silt
spot; therefore, the released ground water contained
larger amounts of nutrients N-NO, concentration reached
4.2-4.9 mg I below the dam. However, in the reach of
the river near Josvainiai, at 4 km from the dam N-NO,
concentration decreased and was only 3-3.7 mg I

During the investigations the bed of the lower bank
and fish community was observed visually. Despite the
favorable conditions, no units of fish were observed
below the dam in 14 July of 2005. On the contrary, in
2000, i.e. 5 years ago, an ecologists V. Kesminas and
T. Virbickis (1999) found a lot individuals and biomass of
fish in the lower bay of Angiriai.

It was determined that a rather stable 0.10-0.15 m
deep layer of stones (diameter - 1.2-1.4 cm) was formed
on the sandy bottom. This was also confirmed by the data
of the analysis of the soil mechanical composition — sand
particles make up to 28.2-97.1% here. According to the
grain-size composition, the bed armoring process below
the dam of HPS Angiriai is going on.

Particularly significant differences were observed
between the temperatures of flowing water: on the
surface of the pond water temperature was 27.5 °C, while
the temperature of the water flowing from bed orifices
reached only 13.5 °C. Differences in temperatures were
also observed in water flowing 0.5-1.0 km below the dam
- it was 15.3-15.6 °C, and only at 4 km from Josvainiai
the temperature of the surface water reached 24.5 °C.
Amounts of oxygen O, dissolved in water were: in the
pond -9.2 mg |7, below the dam - 8.67-10.52 mg I"!

Having suddenly turned on one turbine of the hydro-
electric power station, the flow discharge increased
from 0.37 to 5.8 m? s, which resulted in the increased
turbulence of water and increased O, amounts (up to
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11.23-11.78 mg I"). The temperature of stream water
became 25-25.5 °C. This implies that warmer water from
the surface layers of the pond was released.

Conclusions

Artificial floods induced by the Angiriai HPS
operation during the dry period of the year is the main
reason creating stressful situations for younger fish and
invertebrates in the lower bay. This is due to the following
facts: in summer the environment protection discharge
released through the bed orifices is distinct for low
temperatures and increased biogenic pollution; when
the turbines are activated the flow velocities and water
levels increase suddenly. Angiriai HPS hidropiking water
levels fluctuation speed is 400 cm h™", which is about 100

times more than natural water level fluctuation during
the natural excessive rain fall or flood. In the lower bank
the velocities suddenly increase till 0.98-1.1m s, and it
is more than the acceptable critical swimming speed for
juveniles. However, the highest flow velocities may reach
even 13-14 m ™ (in the orifices). Small fish caught by such
flow is carried to the lower stretch where it experiences
stress. In the present situation the artificial floods
induced by the turbines can be mitigated, by prolonging
the starting time of turbines and choose the turbines
to enable operation through out the year (Zdankus and
Sabas, 2005; Rintamaki, 2001). According to the data of
the Susvé river soil texture, the bed armoring process is
still going on below the Angiriai HPS. No visible impact of
HPS operation on this process is found.
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Abstract

The article analyses the seasonal nitrogen variation in drainage water, when the plants in the field crop rotation are fertilized
with slurry during different seasons. The investigations were carried out in 2001-2003 in Juodkiskis experimental site of the
Lithuanian Water Management Institute.

The investigations established that the largest amounts of nitrogen are leached out in spring and in winter. In the autumn
fertilized variant 38.8% more of this element was leached out in winter and spring compared with the variant fertilized in spring.
During autumn nitrogen leaching was also 21% higher from the variant fertilized in autumn.

It was established that the fertilization rate and dissolved inorganic nitrogen (DIN) supply in soil have influence on the
concentrations of this element. During the cold season nitrogen concentrations in drainage water, when plants had been fertilized
with slurry in spring, were more affected by the supply of dissolved inorganic nitrogen in soil more compared with the rate of
fertilization; and if fertilization had been performed in autumn - the concentrations were more affected by the fertilization rate.
In warm season both the fertilization rate and the supply of dissolved inorganic nitrogen in soil had similar influence on the

concentrations of nitrogen in the drainage water in both treatments.
Meteorological conditions affect nitrogen leaching a lot. During the cold season a greater amount of nitrogen is leached out

when the air temperature is higher and during the warm season — when more precipitation falls.

Key words: concentration, drainage water, nitrogen, seasonal leaching.

Introduction

Nutrient leaching is typical for all Baltic states of
oceanic climate, including Lithuania. In Lithuania, the
main source of nutrient input into the Baltic Sea is the
river Nemunas and its smaller tributaries. As it was
determined, the largest amounts of mineral nutrients
enter the sea in winter, while in summer the inflowing
amounts of the elements are significantly less. The
second largest values of inorganic nitrogen due to the
effect of the flood water were observed in spring (Dubra
et al., 1999). During the later research it was established
that in Lithuania the largest amounts of mineral nitrogen
were transported during autumn-winter season. 51.7%
of the annual flow amount on average were transported
in the rivers of Southern Lithuania, 51.9% - in the rivers
of Central Lithuania and 65.4% - in the rivers of Western
Lithuania (Bagdziunaite - Litvinaitiené, 2005).

In Lithuania there are quite favorable conditions for
the development of cattle-breeding, including favorable
natural conditions, sufficient forage resources, deep
traditions and long-term experience of cattle breeding
activities and well-developed meat producing industry.
Therefore in the future, dairy and meat-processing
industries will remain the principle direction of cattle-
breeding activities in Lithuania. Specialized and
concentrated cattle-breeding industry, well-developed

technologies of industrial cattle keeping often result
in the increased amounts of slurry. Consequently,
accumulating large amounts of slurry may cause the
problem of its accurate handling so that no adverse effect
would be made on the environment.

One of the most advanced ways of slurry handling
is to apply it on fields as a fertilizer. However, the
application process of organic and inorganic fertilizers on
agricultural fields is not always sustainable enough due
to the ignorance of fertilization rates and time. Nitrogen
is a particularly labile chemical element; therefore, it
may be easily leached into the environment, which on
its turn may result in the increased pollution of water in
wells, rivers and lakes up to lethal concentrations as well
as in the intensive overgrowth of various water bodies
(Rutkoviené et al., 1997). In Lithuania the water in more
than 1/3 of all shaft wells is polluted with nitrates the
concentration of which is sometimes 100 times higher
than nitrate concentrations contained in drainage water
outflow from agricultural fields (Sileika, 2001).

The Marine Research Center of the Ministry of
Environment of Lithuania has determined a rather high
eutrophication level in the Curonian Lagoon (Olenina,
1998). As the researches carried out at the Lithuanian
Institute of Water Management have shown, recently
the agricultural production processes and the usage
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of different fertilizers has been significantly reduced;
however, the pollution of water in most rivers has still
increased (Sileika, 2000 b).

Worse quality of drainage water is observed in the
territories of intensive agricultural activities (Jordan et
al, 1997). In the territories with large areas of woods
and less intensive agricultural activity, N leaching is on
the average 5.6 kg ha™' per year, while in the fields with
intensive farming the leached amounts of N are 2.5 times
higher (Dumbrauskas and Tumas, 1994).

In 2000, intensive N fertilization resulted in
16 kg ha' of N leached in the Graisupis river basin in
the Middle Lithuania Plain, which 2.6 times more than
in the Vardas river basin in the Baltic Highland region
and even 4 times more than in the Lyzena river basin in
the Zemaiciai Highland (Kutra and Rac¢kauskaité, 2001).
Due to intensive farming activity the average annual
14.4kgha' Nleachingin the streams of Middle Lithuanian
Plain mostly depended on high nitrogen concentrations
(5.9 mg I") (Gaigalis and Rackauskaité, 2001).

In order to reduce the eutrophication in the Curonian
Lagoon, the Government of the Republic of Lithuania has
approvedseveralimportantdocuments:the Code of Good
Agriculture (according to this document, nitrate pollution
is to be reduced and the annual amount of slurry applied

on fields in each farm should not exceed 170 kg N for 1 ha
of agricultural land (Sileika, 2000 a); the Program of water
protection against the pollution with N-compounds
from agriculture; National Sustainable Development
Strategies (this document commits Lithuania to the
reduced environmental pollution until the year 2020 so
that the allowable normative requirements approved
by the European Union would be followed (Lietuvos...,
2003).

To reduce N leaching from the fields where slurry is
applied, researchers of foreign countries suggestapplying
slurry in spring and having intermediate crops cultivated
(Skyggeson et al., 1990; Tortensson and Aronsson, 1998;
Durkowski and Wesolowski, 1990).

The objective of the studies was to determine the
changes of nitrogen amount contained in drainage water
in different seasons of the year.

Materials and Methods
In 2001-2003, the investigations were carried out in
Juodkiskis study object of Water Management Institute
of Lithuanian University of Agriculture.
The experimental scheme comprises treatments
I - 1l'in three replications (Fig. 1).

Figure 1. Experimental scheme:
treatment | - slurry applied in spring; treatment Il — slurry applied in autumn;1 - 6 - number of drainage outlet.

The area of the study object (0.81 ha) is drained with
drainage, drain spacing is 15 m, draining depth is 1.2 m.
Three replications of each treatment are arranged on
separate drains. In-between two adjacent drains there
are polythene screens arranged in order to separate
one drain from the other and avoid nutrient leaching
from one drainage system into the other. Each separate
drainage system covers the area of 0.135 ha.

The following crops were grown in the test field:

1. Red clover, 2™ year (slurry in spring N_P,K_ and
slurry in autumn NoPoKes)i
2. Sugar beet (slurry in spring N

autumn N206P73K206);

100P 76K, @nd slurry in

3. Spring rape (slurry in spring N__P_K . and slurry in
autumn N60P80K20).

Soil grain-size composition was determined by
Kacinskis pipette method. The soil of the study object is
calcareous gley brown soil (RDg4-k2) (Buivydaité et al.,
2001). According to the grain-size composition the soil
is attributed to sandy loam soils. In treatments | and Il
sandy loam soils are prevailing.

The soil is of alkaline reaction (pH>7), low in humus
content (on the average 18.2-19.0 g kg™ of humus in
the arable layer), contains low nitrogen concentrations
(36 kg ha' dissolved inorganic nitrogen (DIN) at a 0-40
cm deep layer).
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Soil samples for agrochemical investigations were
taken from 0-40 - cm deep soil layers after the harvest
of background crops in autumn, before the sowing time
in spring, and after the total harvest in autumn. Plant
available nutrients contained in the soil were determined
by the following methods: ammonia nitrogen
(N-NH,) - colorimetric with Nesler reagent in KCl extract;
Nitrate nitrogen (N-NO,) - potentiometric with selective
electrode, soil reaction — potenciometric with glass
electrode in KClI extract, humus was studied by Tiurin's
method.

Samples for the determination of drainage water
chemical composition were taken once a month. N of
water samples was determined according to methods
approved by the Ministry of Environment of Lithuania
(Unifikuoti..., 1994) — photocolometric with analyser ‘FIA
star 5012’ system.

The drainage runoff was measured every five days.
During the periods of spring and autumn floods,

the runoff measurements were taken every day in a
volumetric way. Discharges were calculated on the basis
of linear interpolation, drainage runoff heights were
estimated according to everyday discharges.

Results and Discussion
The average air temperature during every year’s
seasons was higher than the perennial one except for
the autumn of 2002 and winter of 2002-2003, when it
was lower by 1.1 and 1.9 °C. Precipitation distributed
very unevenly during the year. Precipitation exceeded
the perennial rate in the winter of 2000-2001 (105%) in
the spring, summer and autumn of 2001, the winter of
2001-2002 and the autumn of 2002 - it was 108, 120,
115 and 141, and 103% respectively. Precipitation was
lower compared to the perennial rate in the spring and
summer of 2002, the winter of 2002-2003, and the spring
and summer of 2003 - it was 56, 59 and 54, 57 and 88%
respectively (Table 1).
Table 1

Meteorological Conditions of the Study Periods

Study year Study season Indicies
Precipitation, mm|% from perennial|  Average air Deviation from
rate temperature, °C | perennial rate
2000-2001 Winter (XII-11) 108.1 105 -0.8 .
Spring (IlI-V) 145.3 108 7.0 1.3
Summer (VI-VIII) 239.5 120 17.6 1.2
Autumn (IX-XI) 176.6 115 7.6 0.8
2001-2002 Winter (XII-11) 145.1 141 -1.7 2.5
Spring (IlI-V) 75.9 56 8.7 3.0
Summer (VI-VIII) 117.1 59 20.6 4.2
Autumn (IX-XI) 158.0 103 5.7 -1.1
2002-2003 Winter (XII-11) 55.3 54 -6.1 -1.9
Spring (IlI-V) 76.6 57 6.6 0.9
Summer (VI-VIII) 176.0 88 17.8 1.4

During the research period in cold season there were
468.1 mm of precipitationand theaverage airtemperature
was -1.4 °C. On average 208.7 mm of water went down
the drains, i.e. 44.6% of the precipitation amount. During
the warm season there were 46.6% more precipitation

(1005.4 mm) and the average air temperature was
14.1 °C. During this period only 3% of the fallen
precipitation went down the drainage.

Data of drainage runoff distribution in different
seasons of the year is presented in Figure 2.

g 120
&« 100
2 80
E 60 -
s 40 1
£ 20
£ 0 = = = .
A on o) = en o) = en o}
g £ £ | E g £ £ | E 8 £ £
2 < n < n
2001 2002 2003
—o— Slurry applied in spring —&— Slurry applied in autumn

Figure 2. Drainage runoff distribution (mm) in different seasons of the year.
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The highest concentrations of total nitrogen
were recorded in the spring of 2002: in the treatment

-1

| fertilized with slurry in spring it was 31.9 and in the
treatment Il fertilized in autumn it was 35.8 mg I"' (Fig. 3).

o 40
g 35
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= 25 A
£ 20
g 15
g 10 4
3 54
£ .
2 — 5 =] — o0 5 =] — on 5
=) =
= 1z (s l2]13lz |&[7]2
2001 2002 2003
O Slurry applied in spring Slurry applied in autumn

Figure 3. Fluctuations N

In 2001, the drainage runoff lasted for three seasons:
winter, spring and autumn. Nitrogen concentrations in
the drainage water were not high in both treatments
due to growing red clover which used it to grow green
mass. In the treatment | fertilized with slurry in spring
the concentrations in winter were 3.4, in spring - 3.6
and in autumn - 10.3 mg I. In the treatment Il fertilized
with slurry in autumn they were 2.7, 5.5 and 10.9 mg I
respectively. Though nitrogen concentrations were
lower than maximum permissible concentration (MPC),
however, in autumn after the clover had been ploughed
the concentrations of this element increased notably, and
during the winter season of 2001-2002 they were already
16.3 and 19.6 mg I respectively. In the spring of 2002
(March — May) with slurry spring fertilization it was 31.9

concentrations in drainage water (mg I).

and with autumn fertilization it was 35.8 mg I"'. It could
be explained by the fact that nitrification processes in the
soil are quite intensive, when air temperature is slightly
positive (Tripolskaja, 2005).

The research established that the increase of nitrogen
concentrations in the drainage water depended much on
a fertilization rate and the supply of dissolved inorganic
nitrogen in soil. The impact of fertilization rates with
slurry and the supply of dissolved inorganic nitrogen
on the quality of drainage water is proved by the
dependence between fertilization rates per year (x), the
supply of dissolved inorganic nitrogen in the soil (y) and
the concentrations of this element in the drainage water
(2) (Table 2).

Table 2

Dependence of Nitrogen Concentrations in Drainage Water on Fertilization Rates and Mineral Nitrogen
Content in the Soil

Cold period of the year (XI - [l months)

Warm period of the year (IV - X months)

Form of relation | R? | N | F i | Ficooss | Form of relation | R? | N[ F | Freoosss
Treatment |

z=4.39-0.11x+0.16y |0.76*| 8 | 8.1 | 4.7 |Z=—22.10+0.28X+0.02y|0.98* 4 |35.2| 19.2
Treatment I

z=-5.02+0.15x-0.05y | 0.77*

7 | 8.5 | 4.7 |z=-12.32+0.21x+0.10y |0.98*

4 |35.8| 19.2

Note. Correlation connection values reliable according to the criterion F (F

In cold season N _ . concentrations in the drainage
water in the treatment | fertilized with slurry in spring
were determined by the amount of dissolved inorganic
nitrogen in soil (r=0.74) and in the treatment Il fertilized
with slurry in autumn - by fertilization rate (r=0.72). In
warm season in both variants the concentrations were

>F

ctuat” Fibeorasss) A€ signed with stars.

more determined by the fertilization rate - r=0.99 and
r=0.98 respectively; however, the supply of dissolved
inorganic nitrogen in the soil had also considerable
importance - r=0.59 and r=0.85 respectively.

The largest amounts of nitrogen are transferred from the
crop rotation fields into drainage in winter and spring (Fig. 4.).
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Figure 4. Seasonal variation of nitrogen leaching amounts.

Of all the amount of nitrogen applied with manure
1.5% of nitrogen from the treatment | and 1.9% from the
treatment Il were leached in winter. The largest amounts
of this element were leached out in spring — 3.9% from
the treatment | and 5.6% from the treatment Il. In summer
without the drainage runoff there was no nitrogen
leaching. In autumn the following nitrogen leaching was
recorded: 1.4% from the treatment | and 1.7% from the
treatment Il of all nitrogen amount applied with slurry.

Seasonal nitrogen variations mainly depend on
meteorological conditions. As it was established, the
highest leaching is usually recorded at the start of
drainage operations and during the spring flood. As 2001
was a rainier year than usual, due to the drainage runoff
nitrogen was leached in autumn as well.

The binary correlation analysis established that the
nitrogen leaching is heavily influenced by meteorological
conditions. The largest N amounts are leached out
during the cold season, when the air temperature is
positive, and in the warm season - at more abundant
precipitation.
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Abstract

The traditional way of dealing with manure - storage, transportation, spreading in the fields - is currently applied very
successfully, but is economically very expensive. People complain about very unpleasant smells, which are caused by gasses
(indole, merkaptanas, hydrogen sulphide, ammonia) being released from the manure. Scientists are searching for other ways of
handling manure which try to convert it to less harmful substances, reduce its odour and at the same time make it thicker by

extracting its water content.

The aim of our work was to evaluate the composition of slurry after processing it mechanically, and to test the effectiveness of

the application of new coagulants and flocculants on its clarification.
Fresh liquid manure from‘Sajas’ pig complex (Kelmé district) and the liquid manure treated in biogas reactors from Lekéciai pig

complex (Sakiai district) was used for research (2006-2008).

Anionic coagulants such as aluminium chloride (ALCl), ferrous chloride (Fe,Cl) and pollycrilamide cationic flocculant

‘Magnofloc 1011’ were applied to clarify manure.

40-44% of organic pollutants can be removed from the aerated sewage under constant processing by coagulants and
flocculants. The best result in pollutant removal from sewage is achieved when it is processed with 1.5 kg m=norm of aluminium

saline (AICl) and 3.0 g m? norm of flocculant‘Magnofloc 1011

Key words: slurry, coagulants, flocculants, pollutants, wastewater.

Introduction

Animal husbandry enterprise produces a side product
- manure. Environmentally, this product is considered as
waste improving soil features.

Traditional manure management - collection,
transportationand applicationinfieldsisrather successful
today, however, economically it is quite expensive and
besides it often causes complaints by inhabitants due
to unpleasant odours which are generated by manure
produced gases - indole, mercaptan, sulphuretted
hydrogen and ammonia.

Researchers are looking for the ways to process
manure in order to decontaminate it and reduce odours
as well as to solidify manure by removing water out of it.

Researchers J.Beck and C.Burton (Beck and Burton,
1998) analysed all manure processing technologies that
are recently used in the European Union. They include:
mechanical separation, centrifuging, aerating, anaerobic
lagoons (long-term 4-5 year storages); anaerobic
mesophyllic fermentation; anaerobic thermophilic
fermentation; treatment with acids; dilution; draining-
evaporation; osmosis.

All these technologies differ in treatment efficiency
and cost. The lowest manure treatment cost is achieved
when manure is separated mechanically, treated with
acids and diluted with water, and the highest cost is

achieved when liquid manure is evaporated.

In Russian military and civil ships human excrements
are collected from toilets and processed into solid mass
and sewage by using inductive turbulent devices. With
the help of these devices liquid organic materials are
dispersed and organic colloids separate from water easier
(spontaneous separation).

In 2003 company ‘Miniboat’in Russia started to apply
these devices to purify sewage contaminated with oil
products and heavy metals, later they were used to
separatedistilleries’grains into sewage and solid materials
(New Method..., 2005).

The processing of liquid manure into solid fertilizer
and sewage is aggravated by the fact that huge amounts
of dissolved compounds can pollute the environment:
the amount of dissolved ammonia nitrogen can reach
4000-5500 mg I (about 75-85% of the total nitrogen
amount), the amount of chlorides can be from 3500 to
5600 mg I (Kutera, 1994).

The investigations to separate liquid manure into solid
manure and sewage mechanically carried out in different
countries are suggesting tangible results; however, so far
they are only in the stage of experiments (Fugere et al.,
2005; Appel and Mengel, 1990; Meers et al., 2006; Meers
et al., 2008).

The use of traditional membrane filters is problematic
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due to early clogging. A conceptual technology of
processing liquid manure into solid manure and sewageis
described in a technical report by researchers G. Johnson,
B. Culkin and L. Stowell (Johnson et al., 2004). They had
evaluated the experience of different researchers and
especially practical technological achievements in Japan
and Korea and came to a conclusion that the first stages
of liquid manure processing have to be the separation of
solid particles by using centrifuges, filtpresses, etc. And
the soluble compounds can be separated from liquid by
using modern membrane filters: microfiltration at 0.1-
0.5 micron holes can retain molecule compounds larger
than 500000 daltons, ultrafiltration at 0.01-0.1 micron
holes can retain molecule compounds larger than 1000
daltons, nanofiltration 0.001-0.01 micron holes can retain
soluble molecule compounds larger than 100 daltons
and reverse osmosis at holes lesser than 0.001 microns
can retain molecule compounds smaller than 100 daltons
(Johnson et al., 2004).

In Holland due to intensive animal husbandry
development and shortage of land area for manure
spreading researchers E. Meers, F.M. Tach and others are
trying different physical and chemical ways of processing
liquid manure into solid fertilizer and sewage under
laboratory conditions and in pilot objects (Meers et al.,
2005). The liquid manure is processed in three-stage
installations, the solid manure is produced and the
remaining sewage is purified to such a level that they can
be emitted into surface water bodies — according to the
average data of four years pollution of the sewage after
purification is as follows: biochemical oxygen demand
(BOD,)-15.0mg O, I7, total phosphorus (P..)—2.0mg |
and chemical oxygen demand (COD_) -125mg O, I'".

In the first decade of this century in Lithuania, the
large-scale animal husbandry complexes, benefiting
from the EU financial support, have modernized animal
husbandry technologies. They have reduced water
consumption 3-5 times, the liquid manure produced is of
high concentration and it is separated into solid fraction
and slurry by using mechanical separators (Rupinskai and
Salnaiciai pig complexes) or before the separation the
liquid manure is treated in biogas reactors (Lekéciai pig
complex). These technologies have had stable operation
for several years.

The objective of our work is to assess the composition
of the slurry obtained after mechanical liquid manure
processing and to test the efficiency of their purification
by applying modern coagulants and flocculants.

Materials and Methods
Fresh liquid manure from ‘Sajas’ pig complex (Kelmé

district) and the liquid manure treated in biogas reactors

from Lekéciai pig complex (Sakiai district) was used for

research (2006-2008).

Before the mechanical treatment biochemical
indicators of liquid manure composition were established:
pH, COD_ dry matter (DM), total nitrogen (N ), its
compounds N-NH,, N-NO, and phosphorus (P ).

Thefollowing biochemicalindicators were established
in the slurry obtained after the mechanical treatment
and purification: pH, COD, BOD,, suspended solids (SS),
total nitrogen (N its compounds (N-NH,, N-NO,) and
phosphorus (P The following indices have been
determined:

e ph - be a potenciometric method using a glass
electrode;

* BOD, - by a titrometric method (Vincler), LAND 47-1-
2002;

* Suspended solids (SS) - by a gravimetric method,
having filtered the substance through a mid-thickness
filter, LAND 46-2002;

* N~ be a titrometric way, having burnt the material
(Kjeldal method), LST EN 25663:2000;

* N-NH, - by a spectrometric method, ISO 5664-
1984(E);

* N-NO, - by a spectrometric method, LST EN ISO
13395:2000;

* P, — photo colorimetric method, having burnt the
substance, LAND 58:2003;

* POP - by a colorimetric method, with ammonia
molybdate and ascorbic acid, LAND 58:2003;

¢ COD, - by an oxidation method, with potassium
bichromate and sulphur acid, LST ISO 6060:2003.

These indicators were established in a certified
laboratory of chemical analyses of the Water Management

Institute of Lithuanian University of Agriculture applying

certified methods (Certificate No. 1AT-97, 2005).

Anion coagulants were used for the slurry purification:
aluminium chloride, AIZCI, ferric chloride FeZCI and
cationic polyacrylamid flocculant‘Magnofloc 1011’

Coagulant rates were selected as follows: 0.5, 1.0, 1.5
and 3.0 kg m?3. Flocculant rates: 1.0, 1.5, 3.0 and 5.0 g m*.

The flocculant is of a very high concentration and
it dissolves for a long time (6-8 hrs), therefore, 0.01%
flocculant solution was made (0.1 kg m?3). The slurry
coagulation and flocculation processes were carried out
using a laboratory model.

This model scheme is presented in Figure 1. 32
experiment variants. A mechanical mixer (household
mixer) is installed in a mixing chamber (10 | capacity).
Coagulants and flocculants were poured into the
mentioned vessel.

total

total)
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Having switched on the mixer in the beginning
coagulants were poured in, after that the flocculant
solution was added. The mixer was on for 0.5 hr. After 0.5
hr from the beginning of the experiments 5 | of sewage
were sucked out of the vessel (without switching off the
mixer) and left to settle. Settlement duration — 24 hrs.

Coagulants-flocculants

Slurry

After 24 hrs 0.5 | of sewage were sucked out for analysis.
The analyses were made with different fractions of
manure: fresh liquid manure (FM); liquid manure treated
in biogas reservoirs (BM); slurry obtained after mechanical
separation — fresh manure slurry (FS); slurry treated in
biogas reservoirs (BS); sewage after chemical treatment.

Mixer

|

Micro pump
S
— &/

Pressed air (O2)

Mixing chamber

Settler

Figure 1. Laboratory experiment scheme.

The data of investigations and calculations was analysed with the help of correlation analysis.

Results and Discussion

At the beginning of the experiments the composition
of fresh liquid manure (FM) and liquid manure treated
in biogas reservoirs (BM) was established: dry materials
43-56 g kg, of which organic materials 29-36 g kg™;
N, 6600-7100 mg I'; N-NH, 4700-5500 mg I; P_
420-508 mg I"; Ca 326-307 mg I"; Mg 48-37 mg I;
C13250-5600mg1';SO, 767-478 mg |; Na 469-720 mg I'';
K 1700-1250 mg I, HCO, 1142-07383 mg [1; cadmium
(Cd) 0.4-0.48 mg kg DM; chromium (Cr) 7-10 mg kg DM;
nickel (Ni) 18.4-14.6 mg kg 'DM; lead (Pb) 5.6-7 mg kg 'DM;
copper(Cu)720-760mgkg'DM;zinc(Zn) 1180-1500mgkg’’
DM; cobalt 4.8-4 mg kg' DM; manganese (Mn) 284-
410mgkg'DM;molybdenum(Mo)12.14-18.62mgkg'DM;
mercury (Hg) 0.08-0.099 mg kg' DM; boron (B) 484-
440 mg kg'DM; magnesium (Mg) 7150-14500 mg kg’ DM;
detergents 53-32 mg kg™ DM.

According to the presented composition of liquid
manure we can make a conclusion that by the amounts of
organic materials and nitrogen it is about 110 times more

contaminated compared with the household sewage
and according to the amount of phosphorus — about 50
times; the amount of heavy metals in the manure is lower
compared with the sewage sludge (Nuoteky dumblo...,
2005).

While carrying out mechanical separation of liquid
manure, the solid manure fraction and slurry are
produced. The amount of solid manure fraction accounts
for 10% of all liquid manure amount and the slurry makes
the remaining 90%.

The main indicators of the solid manure fraction and
slurry composition are given in Table 1. We can see from
the table data that during the separation process 38-49%
of dry materials and phosphorus and 10-14% of nitrogen
and potassium are removed from the liquid manure.
Only 8.9-9.1% of chlorides are removed from the liquid
manure with solid fraction. We did not identify substantial
differences comparing the fractioning efficiency of
the fresh liquid manure and the manure treated in the
bioreactor.
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Table 1
Composition of Slurry and Solid Manure Fraction After Liquid Manure Fractioning
Research object Dry materials N, N-NH, Pl K cl
g kg™ mg I"(mg kg)
Slurry after fresh manure separation 236.0 5230.0 4575.0 244.0 1010.0 5380.0
Solid fraction after fresh manure 2166.0 9270.0 4480.0 1920.0 2690.0 3020.0
separation
Slurry after separation of manure 386.0 7000.0 5180.0 410.0 960.0 5620.0
treated in bioreactor
Solid fraction after separation of 2124.0 7180.0 5040.0 1860.0 2275.0 5260.0
manure treated in bioreactor

The slurry obtained after separation was treated with
coagulants and flocculants in aerated mixing chamber.

The best theoretically achievable result is to
decompose the contaminants present in slurry to carbon
dioxide and to emit only pure water into the environment.
This is practically impossible to achieve as one part of
the contaminants dissolves fast — volatile carbonic acids,
products of protein, carbohydrate and fat fermentation
(@amino acids, glycerol, monosacharides, etc.), which can
make from 10 to 56% of total COD, and the other part of
the contaminants (cellulose, lignin, etc.) dissolves badly
and more time is required to remove them (Dauknys,
2000).

The more contaminated the
problematic is its purification.

Non-complex volatile acids, e.g. carbonic acid and
sodium acetate, decompose during aeration (in oxygen
environment) (Henze et al., 1995).

When aeration is not carried out (in anaerobic
environment) while organic nitrogen compounds
are decomposing, ammonia is produced and, when
polyphosphates decompose -  orthophosphates
are produced. Orthophosphates are emitted to the
environment from cells in order to maintain osmotic
pressure in a cell (Dauknys, 2000).

liquid, the more

In oxygen environment carbonic acid combines with
ammoniaandorthophosphates;decompose nitroacetate,
hydrophosphate and carbon oxide (Henze et al., 1995).

The need for air and aeration duration to maintain
complicated oxidation processes highly depends on the
chemicalcompositionandconcentrationofcontaminants.
While carrying out a huge scope of experiments with
different rates of coagulants and flocculants, it was
established that coagulants — ferric and aluminium salts
had nearly similar effect. We also established that the
rates of these coagulants lower than 1.0 kg m* had an
unsubstantial influence of contaminate removal. The
most effective removal of contaminants from the slurry
was achieved, when 1.5 kg m= of ferric or aluminium
salts were added into it. Coagulant rate 3.0 kg m?3
did not increase the contaminant removal from the slurry
and was rejected.

Different rates of flocculant for the contaminate
removal from the slurry performed differently. The
influence of flocculant rates on the removal of certain
contaminants from slurry, e.g. BOD,, N, and P
showed in Figures 2, 3 and 4.
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Figure 2. Efficiency dependence of organic contaminant BOD7 removal from
FS slurry on and BS flocculant rate.
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Figure 3. Efficiency dependence of nitrogen removal from FS and BS slurry on flocculant rate.
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Figure 4. Efficiency dependence of phosphorus removal from FS and BS slurry
on flocculant rate.
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We can see from these dependences that the most
efficientremoval of contaminantsfrom the slurry happens
when 3.0 g m? or close to that rate of flocculant is used.
At this flocculant rate 40-44% of organic contaminants
BOD,, 38-43% of nitrogen and 76-87% of phosphorus
are removed. After coagulation-flocculation process the

contaminants are removed from the slurry in the form of
sediment.

Afterthe chemical reaction the purified slurry becomes
similar to sewage by its composition. The composition of
such slurry is given in Table 2.

Table 2
Slurry Obtained after Treating with 1.5 kg m Coagulant Rate and 3.0 g m* Flocculant Rate
Research object | pH | BOD, [ COD N, N-NH, [P, |PPO, [CI | SO,
mg O, I mg |
Sewage after 8.02 | 9650.0 | 13600.0 | 3210.0 | 3905.0 | 31.3 18.8 2810.0 | 329.0
chemical
treatment of FS
slurry
Sewage after 8.07 | 7630.0 | 15590.0 | 3950.0 | 2910.0 | 99.0 52.0 5310.0 | 624.0
chemical
treatment of BS
slurry
This sewage is close to the sewage from Conclusions

slaughterhouses according to the main indicators
(Struseviciené and Strusevicius, 2006), except for
chlorides, the concentration of which is 2.8-5.3 higher
compared with maximum permissible concentration
(MPQ).

1. In a pig farm while separating the liquid manure
mechanically, solid fraction and slurry are produced.
38-49% of dry materials and phosphorus and 10-14%
of nitrogen are removed from the liquid manure into
the solid fraction.

2. When the aerated slurry is consistently treated
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with coagulants and flocculants, 40-44% of organic
contaminants can be removed from it. The best
results of removing contaminants from the slurry
were achieved while treating it with aluminium salt
at 1.5 kg m? rate and flocculant ‘Magnoflocion’ at
3.0 g m3rate.

3. After the slurry treatment with chemicals the sewage

is produced, which is close to the animal slaughtering
sewage by composition. It has 7630-9650 mg O, I
of organic contaminants BOD,, nitrogen compounds
3210-3950 mg I and phosphorus compounds 31.3-
99.0 mg I"'. Chloride concentration in the sewage

exceeds MPC 2.8-5.3 times.
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Abstract

The aim of this research is to work out the graphic method for the calculation of the maximum rain intensity with a different
guarantee in Riga. In order to develop this method analysis as regards the rainfall rates having a different probability was carried
out. The measurement data of maximum rainfall minute intensity (mm min ') 3 and 9 hours as well as daily common rainfall from
the accessible archive materials in the period 1954-2006 have been studied in this research and treated with the mathematical
statistics methods. After the data collection and calculations, the final results are shown in a graphical way in which it is easy to
determine which guarantee percent and repetition probability the rain intensity in Riga may be foreseen. In order to determine
which module of one factor regression is the most accurate, five different modules were investigated. From the modules studied
the most adequate one for data analyses was the logarithmic module having the accuracy up to 92%.

The analysis of the rainfall data as well as the research of the situation of the location place can help to choose the system
of rain accumulation and infiltration for each building location thus improving the operation of the total sewerage system. The
calculations may be useful in practice to calculate the runoff rates from the areas of different covering. If necessary, using the
graphic, itis possible to work out a mathematical expression for the calculation of the maximum rain intensity having any necessary
probability. The accessibility and application of a wide range of materials for modern surfaces or infiltration buildings in the world

present a wider range of their practical use for separate modern solutions in Riga.

Key words: rainfall duration, infiltration cartridge box, waste water.

Introduction

One of the most obvious problems during heavy
rain especially in the period from April till October is
that separate territories and streets overflow in Riga and
the amount of waste water increase dramatically in the
total sewerage system (Rainfall intensity measurements
report charts of pluviograph TM-14, 1954-1979). Then
unpurified or partly purified waste water gets into fresh
water bodies. In order to determine the waste water
rate, it is necessary to find out the rainfall rate as well
as the rain intensity in detail and to compare it with the
infiltration coefficients of the areas of surface runoff.
Therefore the managers of Riga waste water are to take
into consideration the possibility of unpurified waste
water to get into water bodies after heavy and durable
rains as well as the frequency of this probability over the
years. If it is not possible in some places to join to the

gravity flow collectors of rainwater drainage, to ditches
and other gutters, the possible amount of rain should be
known which should be pumped to the pumping stations
and what would be the electro consumption.

The solution of the problem is the rainfall infiltration
and accumulation which should be used at the net of the
total system for the load decrease during the rain. For the
present the rainfall infiltration and the runoff regulation
of Latvia towns take place slowly. The modern solution for
runoff decrease could be best management practice with
the runoff regulation by use of different surface under-
covering and underground infiltration cartridge boxes in
the water infiltration ground. The surface coverings are
clearly shown in Table 1 for the calculation of different
runoff rates. The table presents the coefficients of surface
runoff for different coverings and shows great possibilities
for the decrease of runoff.
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Table 1

Coefficients of surface runoff

Coefficient of surface

Kind of under-covering surface area runoff
v

Covering of asphalt or concrete street, pavement 0.70-0.95
Covering of concrete space 0.80-0.95
Covering of cobble stones 0.70-0.80
Pedestrian pavement and driving part 0.75-0.85
Covering of house roof(depending of material) 0.75-0.95
Grassland covering with sandy soil content
Sandy soil with decline of 2% or less 0.05-0.10
Sandy soil with decline of 2%-8% 0.10-0.16
3?;;)3 soil with decline of 8% and more (precipice, 0.16-0.20
Grassland covering with clayey soil content
Decline of 2% or less 0.10-0.16
Decline of 2%-8% 0.17-0.25
Decline of 8% and more (precipice, slope) 0.26-0.36

Source: Computer applications..., 2004.

At present there are wide possibilities to work out simple and complicated solutions of the town total system

for the accumulation of surface runoff depending on
the intensity of the rainfall rate. The versions for the
management of each town are to be chosen according to
the conception of town development and management.
The more expensive offers are to be connected with
a wide development of the town in a long term. The
simplest infiltration solutions will cost less but can be
good solution.

The high comfort requirements and the necessity of
modern society in urban environment are to drain the
rainfall as fast as possible in the sewerage by means of
engineering. Such a solution of the problem with the
present total system do not give positive results, but
a contrary effect — the chain reaction by flooding the
outputs of pumping station as well as those of break-
down. The optimization of the system should be carried
out with balancing in general. It means the combination
of the hard covering area of different kinds with the
water infiltration in the ground. In foreign literature this
idea of ‘green thinking’ in urban environment is called
Jrain gardens” or retention, and is known as The Best
Management Practice - BMP (Mancl, 1996). These are
measures which may be carried out in the local place of

the confluence basin in order to decrease the rainfall flow

rate and their pollution. Depending on the particular

solution, these measures need less capital investments,
but more exploitation works. The rainfall flow control
with the accumulation of the surface runoff includes:

1) accumulation outside the sewerage net in reservoir
(artificial underground built accumulation
reservoirs);

2) accumulation in rain outlet system or co-system of
waste water system (in collectors, tunnels);

3) accumulation on the ground surface - artificial surface
basins for collection for rain accumulation;

4) use of ground or grass covering for water drainage;

5) infiltration in plastic cartridge systems.

Green zones are used for some local regions for
rainfall filtration and decrease of flow rate. Reservoirs of
artistic design may be built in some existing territories
and the territories of new towns. Such a system would
demand to build surface collecting areas preventing
the flow rate. Of course, this kind of surface buildings
demands supplementary costs both in the process of
investment and exploitation. One of such a model town
is Malmo (Sweden) having many modern solutions of
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BMP (Economy and ecology..., 2006). The most often
used solution is a surface or subsurface (underground)
accumulation basin accumulating a certain amount of
rain water having a possible overflow in the total system

or in the rain water system during a heavy rain. The water
accumulation helps to ensure a pleasant humidity after
the rain in urban environment for a longer time in the hot
season as shown in Figure 1.

Figure 1. Rain water accumulation basin in town park Placa de les corts, Barcelona (Photo: R.Ziemelnieks, 2008).

It is indispensable to modernize the rain water
accumulation system in Riga taking into account the BMP.
The problem largely arises because at present Latvian
Building Normative provides to calculate rainstorm with
repetition probability once, twice and three times a year.
But, in order to precisely calculate rain water drainage
and pumping station parameters, it is necessary to know
maximum rain intensity with repetition probability at
least once in five or ten years. To do so, it is necessary to
analyze the rainfall rates having a different probability
and based on the data gathered to work out the graphic
method for the calculation of the maximum rain intensity
with a different guarantee in Riga. Working out this
specific model for Riga is the aim of the research.

Materials and Methods

The measurement data of maximum rainfall minute
intensity (mm min”) 3 and 9 hours as well as daily
common rainfall from the accessible archive materials
of the Latvian Environment, Geology, and Meteorology
Agency in the period 1954-2006 have been studied
(Ziemelnieks and Tilgalis, 2008). They have been treated
with the mathematical statistics methods in hydrology
and meteorology by use of hydrological values (Ziverts
and Strabergs, 2000). The hydrological values have been
calculated with a given excess probability guarantee
using the data of long-term empirical observations.
For the analyses of these data the Pirson Ill, Gumbel
and Gamma have been used. For the calculation of
distribution several algorithmic language programs in

FORTRAN7Z7 environment have been used in order to get

different calculations of rainfall probability repetition. The

computer programs Statppir or Statpir 3 used for Pirson llI

distribution calculation perform the calculation of static

parameter and coordinates of guarantee curve according

to data collected in one file. The formation of calculation

data base consists of the following principal stages:

* transformation of long-term data in digital/computer
format

* arrangementand edition of observation data in EXCEL
files

* formation of data treatment in the files according to
the observation time (mm time-units™)

e arrangement of observation rows in diminishing
sequence, selecting the necessary values

» formation of auxiliary files for starting the calculation
in data (prn) and text (txt) format files

e determination of principal calculation values with
different distribution methods

* collection of results in tables and graphics

* analyses of results, proposals and recommendations.
After the data collection and calculations, the final

results are shown in a graphical way in which it is easy

to determine which guarantee percent and repetition

probability the rain intensity in Riga may be foreseen.

The calculations may be useful in practice to calculate the

runoff rates from the areas of different covering.
For determining the approximate division of rainfall it

is possible to use the medium rainfall map of A. Pastors

from 1987 accessible in Latvia (Klavins and Sudars, 2002).
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Results and Discussion

After the data treatment in the algorithmic program,
it was possible to draw up the graphics (see Figure 2) of
rain intensity that have different probability. While using
the curves it is possible to analyze which probability is to
determine the maximum possible rain intensity to ensure
the protection of streets and territories from flooding
during the rain.

By calculating the data in the algorithmic programs
from the auxiliary files, they automatically make the
necessary module coefficient files in text (txt) format, as
a result the calculation data with variation coefficients Cv
from 0.05 to 1.7 with a step 0.01 and the probability p
from 1% to 99% with a step 1% may be seen.

As the rainfall is valued and foreseen from one factor
(from probability), in the situation estimates one factor
regression is used. In order to determine which module of
one factor regression is the most accurate, five different
modules were investigated. They are the following:

module of linear regression, scale module, exponential
module, logarithmic and hyperbolic module. In these
modules the following things were evaluated:

1)  Determination coefficient (R?);

2) F test was carried out in order to determine
whether the module was significant at all;

3) Evaluations (estimation) of the significance of
modules and “p” tests (significance tests);

4)  Standard errors and “T" values were determined
for the modules studied.

From the modules studied the most adequate one
for data analyses was the logarithmic module having
the accuracy up to 92%. When the guarantee value
p increases for 1%, the intensity | value decreases for
1.1 mm min™.

For example, while using Figure 2, it is possible to
determine, that the rain intensity of 20 minutes with the
repetition frequency every year is 20 mm min™', but with
the repetition once in 10 years — 65 mm min.
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Figure 2. Determination of rain intensity in definite time interval with the necessary probability.

While treating the obtained data, we got the graphic
method for the calculation of the maximum rain intensity
with a different guarantee. If necessary, using the graphic,
it is possible to work out a mathematical expression for
the calculation of the maximum rain intensity having any
necessary probability. It has been proven that after filling
of co-system most often during the rain first 20 min of
maximum rain intensity and rain intensity up to three
hours has to be taken into account. Results achieved

provide explanation for overflow of streets and areas
during intensive rain and provides with a possibility to
project and justify necessity to open incident release
during intensive rainfalls.

Graphic interpretation provides possibility to take fast
and advised decision for designers of rain canalization
systems as is allows to examine the most optimal
precipitation probability case depending on amount of a
rain and covering material in any given district of Riga.
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Conclusions

BMP is used to prevent problems created by a fast flow
and large discharge in different countries. Infiltration and
different accumulation systems as well as the rain water
infiltration boxes, ensuring the water purification are just
some of the examples. This is not the case in Riga where
separate territories and streets overflow frequently
during heavy rain periods and as a result the amount of
waste water increase dramatically in the total sewerage
system letting unpurified or partly purified waste water
to get into fresh water bodies. The problem largely arises
because Latvian Building Normative does not provide
to calculate rainstorm with repetition probability at
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Abstract

The main objective of this study is to demonstrate the use of artificial neural network (ANN) modeling tool to predict the risk
of phosphorus (P) loss from the fields to nearest water body. The attention is drawn to ANN as an alternative approach to the P
index calculation for prediction of the P losses. The specific tasks of this study were to determine risk classes of P loss by linking
together source and transport factors that accelerate P losses and to evaluate ANN model performance for predicting risk classes
via nutrient transport. ANN was trained with a Levenberg-Marquardt algorithm, and Scaled Conjugate Gradient algorithm was used
to estimate the possible risk of P losses from agricultural land. Two small agricultural watersheds in Auce and Bauska were chosen
to determine field parameters, and expert’s evaluation was used for description of the risk classes’ of P loss. Finally these values
were used as inputs for the neural network model. The model was trained and validated by assessing its predictive performance
on a testing set of data excluded from the training set. The research results highlight the capabilities of ANN to predict risk for a

particular field and suggest that future research on application of other algorithms is required.

Key words: neural network, P loss prediction, risk assessment.

Introduction

The problem of phosphorus (P) loss in environmental
science is well studied (Buczko and Kuchenbuch,
2007). Widely used approach for control of the P loss is
designation of Phosphorus Index (P Index). The P Index
(Sharpley et al., 2003; Heathwaite et al., 2000) is a tool
that combines indicators of P source and of P transport
as well as management factors to get qualitative risk
characteristics of the site. P Index ranks fields according
to risk of P loss in categories such as low, medium, high,
and very high risk. General approach of P Index is to
access the potential risk of P transport to surface waters
from various fields by weighted parameters that promote
risk of the P movement. Parameters values usually are
rated (low = 0, medium = 2, high = 4, very high = 8) and
rates for each level are summed. The original P Index
uses a technique, which multiplies the site characteristics
weighting factor with the phosphorus loss rating value
to calculate the vulnerability of each site, but a numerous
of modified techniques have been derived from the
original version (Buczko and Kuchenbuch, 2007). Full
understanding of the nutrient transport process is
still difficult. Development of advanced tools is often
restricted by large data input requirements and this limits
the accuracy and reliability of many models. However,
it is essential for good index to get appropriate index
parameters ranks or weights and scale range boundaries
for P index outcome in specific region (Kim et al., 2008).
Since the estimation of nutrient losses fills an evident part

of environmental studies, a number of computer-based
models have been developed to enhance prediction of
nutrient losses. Examples of computer-based techniques
for studying of the water-quality-management systems
include artificial intelligence, expert systems, neural
networks, genetic algorithms, and other (Huang and
Xia, 2001). Recently, one of the more popular and widely
applied computational approaches is the artificial neural
network approach. In comparison to traditional statistical
methods, ANN is presented as a powerful data-modelling
tool that is able to capture and represent complex
input-output relationships (Govindaraju and Rao, 2000).
Basically, the advantages of neural networks are ability to
represent both linear and non linear relationships and to
learn these relationships directly from data. For example,
comparing ANNs with traditional multiple regression,
ANN is found more flexible, hence more suitable and
accurate for prediction (Talib et al., 2008). A set of inputs
andoutputresponses, representing avariety of simulation
scenarios is sampled at random, and a particulate
technique to allocate this set into training and testing
subsets, is developed to obtain the best performance
of network for the smallest error between observed and
calculated data sets (Kim et al., 2006). Like biological
neurons, ANN models contain multiple layers of simple
computing nodes (neurons) that operate as summing
devices. Weighted links interconnect these nodes. Each
weight is adjusted when measured data are presented
to the network during a ‘training’ process. The artificial
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neuron which is given in Figure 1 has N input denoted as
uj, for j= 1..N and each line connecting these inputs to
the neuron is assigned a weight, which are denoted as wj
respectively and corresponds to the connection between
neurons. While a single artificial neuron may not be able
to implement some functions, the problem is solved by
connecting the outputs of some neurons as input to the
others, so constituting a neural network (Giimrah et al.,
2000). Successful training can result in an ANN model

Input  Weights

that performs tasks such as predicting an output value,
classifying an object, approximating a function, and
others (Kim, Gilley, 2008). Regarding variable prediction
as one of the artificial neural network technology broad
categories, it comes useful to test how accurately ANN
learns to predict the value of an output variable (P loss
risk class for a field) by giving input variable information
(evaluation of P source and P transport factors that
promote P loss from a field).

Activation
e Output
x
x= fla)
/,f'
_o—'_-'-'-f/

Figure 1. Artificial neuron and its structure (Glimrah et al., 2000).

The most widespread ANN design consists of an input
layer, hidden layer(s), and an output layer of processing
units (neurons). These are key components of artificial
neural network models. The input layer introduces inputs
to the network, or in other words, serves as an interface
between the input variable data and the ANN model.
Most of models also contain one, two or more hidden
layers that transform inputs by adding them and applying
linear or non-linear activation function(s) thus performing
most of the calculations within the network (Nour et al.,
2006). The output layer represents the response of the
network.The goal of artificial neural network learningis to
minimize the error between the models predicted value
and the actual value of the output variable(s). According
to Nour et al. (2006), the error minimization takes place
by modifying the weights between neurons by a learning
rule. As training progresses, the mean squared error (MSE)
between the target output and the network output is
calculated, and the weights are updated systematically.
Weight adjustments are made based on an objective
function that reduces MSE. Training proceeds until the
prediction error is sufficiently small or until a maximum
number of iterations have been reached (Nour et al.,
2006; Baxter et al., 2002).

ANN modeling suggests that subject to data should
be divided into three sets in the ratio 3:1:1 for training,
testing, and validating the model, respectively. The
training data set is used to adjust the connection weights.

The validation data set measures network generalization
to halt training when generalization stops improving,
but testing data set measures of network performance
during and after training, but does not affect the training.
Advantages of artificial neural network modeling include
handling of nonlinear relationships and providing
of output variables in response to simultaneous and
independent fluctuations of the values of model input
variables Also data patterns with missing values of
input variables can be incorporated into model building
(Govindaraju and Rao, 2000). Besides, ANN does not
require complicated programming, several user-friendly
ANN software packages exist. Challenges of artificial
neural network modeling show that model predictions
are more accurate if only large and complete training data
sets are used and extremes of possible values are present.
Consequently, ANNs will almost never perfectly predict
all values, so a reasonable error must be used for training
and testing of networks (Govindaraju and Rao, 2000). The
key to a good network is the appropriate training data;
consequently artificial neural network models can be
developed only where sufficient historical data for each
of the process variables exists (Baxter et al., 2002).
Artificial neural networks (ANNs) have found wide
applications in recent years. ANNs capabilities have
been successfully used and proved through many water
resource applications (Govindaraju and Rao, 2000).
Studies of ANN include chemical composition of surface
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waters and water quality prediction (Maier, Dandy, 1996),
water quality modeling (Gimrah et al., 2000), prediction
of eutrophication (Kuo et al., 2007), estimation of soil
erosion and nutrient concentrations in runoff (Kim and
Gilley, 2008), prediction of nutrient transport in runoff
(Kim et al., 2006), phosphorus dynamics in small streams
(Nour et al., 2006), and others (Talib et al., 2008). This
study aims to test an ANN modeling tool that can predict
agriculture field vulnerability to P loss risk.

Materials and Methods

Field tests for experimental data of P loss risk were
conducted at Auce and Bauska (central part of Latvia).
The individual risk indices were evaluated for 30 fields in
Vecauce farm and 41 fields in Bauska farm. The following
information was available for index calculation: soil P
contents, land use (crop rotation), inputs of P in fertilizers
and manures, soil type, field slope, and drainage. Data
on land use and inputs of P were collected from farmers
and field observations. Soil types, field slopes and

Hidden Layer

location of drainage were derived from land amelioration
maps developed by Department of Environment and
Water Management (Latvia University of Agriculture).
Knowledge on P input time and methods made the
greatest uncertainty. Uncertainty in fertilizer application
rates consequently contributed most to the output
uncertainty.

The MathLab software was used to create neural
network. The architecture of network is organized
as a set of interconnected layers of artificial neurons
— input, hidden and output layers (Fig. 2) — trained by
Levenberg-Marquardt algorithm. Levenberg-Marquardt
learning algorithm as improved Guass-Newton method
is mentioned as one of the popular methods to speed up
the learning process; other characteristic of this method
is to deal with the small residual problems in learning
(Chan, 1996). Detailed information about the algorithm
is covered by R.M. Hristev (1998) and A.A. Suratgar et al.
(2005).

Output Layer

Figure 2. Arhitecture of the neural network used for P loss risk estimation.

Eight variables were selected as the inputs: results of
soil P test, P fertilizer rate and P transport factors — erosion,
runoff, leaching, drainage, surface run-off inlets and
buffers for training of the neural network. All transport
factors were calculated based on soil properties and
evaluated by direct observations of fields. Details about P
loss identification variables are covered by L. Berzina and
A.Zujevs, 2008. P loss risk class was provided as an output
variable.The input and output process elements (PEs) are
fixed by the particular user application, but the number
of hidden PEs must be specified. Hidden layer includes 27
hidden neurons that gave the best results. The weights
(w) and biases (b) are iteratively adjusted during training
to minimize network error. Networks were trained with
experimental data that represent the characteristics of
the process of risk of P loss identification. 71 data point
was used in this study. For this dataset, each data points
of P loss risks parameters were randomly divided into
three subsets: a training set (70% of the total), a validation
set (15% of the total), and a test set (15% of the total).
Training data set was used for ANN prediction model
development, validation set — for ANN performance

evaluation, but the test set was used to guide the fitting
of ANN.

Mean squared error algorithm was used for
performance, and random algorithm was used for data
division. The ANN modeling approach conducted in
this study can be divided into three phases: data pre-
processing, model building, and model evaluation.

Basically, the four main steps were taken in this
forecasting study:

1) model design: choose a suitable model;

2) training: estimate the parameters of the model;

3) validation: test the model on data sets to determine
its validity;

4) interpretation: explain results.

Results and Discussion

ANN was trained in 7 epochs that gave the best
overall results for prediction of P loss. Model evaluation
was based on the correlation coefficient and graphical
examination of both measured and predicted values;
however, residuals analysis and model stability also are
suggested and can be used in further analysis of the
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results (Nour et al., 2006). The training process is plotted
in Figure 3. It shows on logarithmic scale the precision of
response of the network to validation and test data sets
explicated by mean square error. The graph displays that
neural network is able to predict targets from training
set with reasonable accuracy already at epochs 4 to 5.
At epochs 6 to 7, the accuracy of prediction tends to be
almost absolutely correct. Meanwhile the response to

validation and test data sets reached a stable unchanging
level of mean square error of 0.75 for validation and 1.20
for testing data sets, which is number of times greater
in comparison to training samples. It can be explained
with over-learning characteristic of AAN's, when the
network adopts to all input vectors of training data only,
while improvement in response to other data cannot be
observed.
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Figure 3.Training process of ANN.

The correlation of AAN response with expert
evaluations in all data sets is shown in Figure 4. It also
highlights that AAN used and trained in the study shows
the strongest correlation with training data (R = 1). The
correlation with validating and test data sets is also

strong, respectively 0.96 and 0.89, but considering the
mean square error for each data set mentioned above,
the architecture and learning parameters of the network
should be adjusted in order to lower it.
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Figure 4. Correlation of expert’s evaluations to AAN's predictions.

Studies have shown that a neural network with one
hidden layer is capable with very high accuracy (Kim and
Gilley, 2008) and this is consistent with the present study.
Typically, the increased number of neurons enhanced the
training-set performance. The testing-set performance
increased whilst the additional neurons help to correctly
predict outputs from inputs, and decreased when the
network started to memorize the data due to too many
neurons. However results indicate potential of network to

Layer Layer

predict P loss risk class, the truth of results still depends
on expert judgment about output variable.

The network with two hidden layers was also trained
with Scaled Conjugate Gradient algorithm described
by M.T. Hagan and others (1996). The architecture of
the network is shown in Figure 5: first layer includes 20
neurons, seconds 45 neurons. Input layer consists of 8
neurons, and output layer of one neuron. Consequently,
the network structure is 8-20-45-1.

Layer

Layer

Figure 5. Comparing architecture of the neural network used for P loss risk estimation.

Conjugate Gradient algorithm network gave the best
results from other 23 experimental networks and was
chosen for ANN training. ANN was trained in 5 epochs,

and Figure 6 displays that neural network is able to
predict targets from training set with reasonable accuracy
already at epoch 0.
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Figure 6. Training process of ANN with Conjugate Gradient algorithm.

In validation and testing of ANN, measured correlation
coefficients between observed and predicted P loss risk
classes were more than 0.99 for validation data and 0.97
for testing data. The maximum mean squared error for
validation data set observed was 0.0276. Also several
statistical methods can be used to solve a range of
problems in forecasting and data classification. Since
each statistical method uses different data assumptions,
relationship between the variables being forecasted
and the variables used to produce the forecast, as well
as the distribution of forecast errors must be considered
before applying statistical methods. As a result, there are
certain instances where traditional statistical methods
are unsuitable. ANN training algorithms help learn the
structure of the data, consequently neural networks learn
by example, witch is very useful when there is no idea
of the functional relationship between the dependent
and independent variables. The most evident advantage
of ANN is the use of very sophisticated modelling
techniques capable of modelling extremely complex
functions, at the same time ANN requires fewer statistical
assumptions. This is also reason why ANN could be
valuable alternative approach to P Index modelling by
considering assumption that P loss is extremely difficult
to predict via complicated relationships intermediary
factors that accelerate P loss. The basis of the power of
the neural networks in P Index calculation is to let to
define the input-output relationship functional form
using training data.

Conclusions

ANN model with Levenberg-Marquardt training
algorithm was developed and used for forecasting the
risk class of P loss for agriculture fields. In all, 70% of data
observed in field experiments in the central part of Latvia
have been used for training, and 30% of data have been
used for validation and testing of ANN performance.
In validation and testing of ANN measured correlation
coefficient between observed and predicted P loss
risk classes was more than 0.96 for validation data and
0.89 for testing data, which shows the ability of ANN in
acceptable forecasting of risk class for selected fields.
The maximum mean squared error for validation data
set was 0.75, and for testing data set was 1.2, witch is
still acceptable for P risk classes’ prediction that varies
from 0 to 8 corresponding to good model performance.
However, future research on the application of other
algorithms is required by considering the amount of
squared mean error, for example, the use of Conjugate
Gradient algorithm that gave correlation coefficients
between observed and predicted P loss risk classes
with values 0.99 for validation data and 0.97 for testing
data. The survey results confirm high capabilities of ANN
to predict risk of P loss and suggest future research on
application of other algorithms.
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Abstract

The paper deals with monitoring results of nitrate nitrogen (NO,-N) run-off in three small agricultural catchments in Latvia
(Berze, Mellupite, and Vienziemite) during the period of 1995 - 2007. Continuous flow measurements and water sampling were
carried out in two scales — catchment and drainage field. Water quality data was analyzed statistically to identify outliers at various
intensity agricultural production systems. The results indicated that with increase of agriculture intensity outlying values are higher
and scattered from the rest of the data set thereby the risk of NO,-N leaching is higher. It can be explained by application of
different rates of organic and inorganic fertilization. To analyze water discharge data, cumulative distribution was used. The results

show that main part of the water discharge is observed from late autumn to spring, whereas in summer period it is low and stable.

The dependence of NO,-N concentrations on the discharge is expressed by Spearman’s correlation coefficient - at catchment scale
it is 0.37 in Vienziemite site, 0.39 - in Berze, and 0.44 in Mellupite. Calculated correlation coefficients are statistically reliable.

Key words: nitrate nitrogen concentration, agricultural catchments, discharge.

Introduction

Agriculture is one of the major sources of nitrogen
that contributes to the eutrophication of the inland
waters and the Baltic Sea (Jansons et al., 2003; Kyllmar,
2004; Sileika et al., 2006).

Other consequence of nitrogen losses from
agriculture could be the increase of nitrate concentration
in the surface and groundwater. This can result in the
poor water quality from both private wells and municipal
water sources that are used for water supply. EC Directive
91/676/EEC (Nitrate Directive) aims to protect waters
against pollution caused by nitrates from agricultural
sources and prevent further such pollution. Member
States which apply the action programmes throughout
their national territory shall monitor the nitrate content
of waters (surface water and groundwater) at selected
measuring points which make it possible to establish
the extent of nitrate pollution from agricultural sources.
Monitoring to control the effectiveness of action
programmes means assessment of the impact of changes
in agricultural practices on nitrate losses to surface and
ground waters firstly at the whole catchment, secondly at
the micro-catchment, and thirdly at the field level (Draft
guidelines for..., 2003).

For the assessment of agricultural pollution to water
bodies, an agricultural run-off monitoring programme

in Latvia was implemented in three small agricultural
catchments (Berze, Mellupite, and Vienziemite). Measures
of the action programmes to reduce NO,-N pollution are
not yet implemented in monitoring catchments.

Surface water quality in agricultural catchments
depends on both natural conditions and human impact.
Therefore the hydrologic and weather conditions, spatial
and temporal variability, differences in land use and land
management practices should be taken into account
when analysis of water quality data is carried out (lital,
2005).

Materials and Methods

Study areas represent different geographical regions
in the western (Mellupite), central (Berze), and north-
eastern (Vienziemite) parts of Latvia. In study areas are
varied soils and agricultural practices. Continuous flow
measurements and water sampling were carried out in
two levels — catchment and drainage field. Composite
water samples based on flow proportional procedure and
manual samples were collected monthly. Water analyses
of NO,-N were carried out in Latvian Institute of Aquatic
Ecology according to standard method (LVS 339:2001).
Main characteristics of monitoring sites are presented in
Table 1.
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Table 1

Main characteristics of monitoring sites

Monitoring site / | Area, ha Soil Flow measurement Intensity of agricultural
Scale (% arable land) sampling method system
Berze
Small catchment 368 (98) Silty clay loam Modified Crump V- Intensive
weir, data logger
Flow prop. sampling
Drainage field 77 (100) Triangular weir, data
logger
Flow prop. sampling
Mellupite
Small catchment 960 (69) Loam, clay loam | Crump weir, Moderate intensive
data logger
Flow prop. sampling
Drainage field 12 (100) Triangular weir, data
logger
Flow prop. sampling
Vienziemite
Small catchment 592 (78) Sandy loam Combined profile weir, | Low input farming
data logger
Manual sampling
Drainage field 67 (100) Triangular weir, data
logger
Manual sampling

The Berze catchment is characterized by relatively
intensive crop production as compared to the present
farming conditions in Latvia. The landscape is flat
lowland and 98% of the catchment soils are cultivated.
Due to high natural soil fertility, winter wheat and rape
have become the main crops in the Berze catchment. The
share of arable crops has increased up to 80-90%. Farmers
use modern equipment, and rather intensive technology
for Baltic conditions, e.g. a fertilizer application in some
fields has reached 160 kg N ha year.

The Mellupite catchment represents average farming
conditions and can be considered as typical for the
present agriculture in Latvia. Several large farms are
using intensive agricultural technology, whereas a few
farms are producing only for self-consumption with low
fertilization rates and without pesticides. The average use
of mineral fertilizers ranges from 10 to 40 kg N ha year™.

The landscape in the Vienziemite catchment is
rather hilly for Baltic conditions. Soil, slopes, and market
conditions are less favorable for agriculture and only two
farms in the catchment are producing something for
market. Almost no fertilizers (only 4 -5 kg N ha' year™)
are applied in Vienziemite. Most of the farmland was
abandoned land or low productivity grassland during
the measurement period. The Vienziemite catchment
is a typical example of low - input agricultural land use,

and can be used as a reference site for diffuse pollution
(Jansons et al., 1999).

Two different types of graphs and two tests are
used to visualize and evaluate water quality and
quantity data. Box plots (Figure 1) are used for graphical
presentations of the NO,-N concentration data. The
box plots represent the rank-sum test results and show
the 25th, 50th, and 75th percentiles as calculated using
robust log-probability regression. Side-by-side box plots
are convenient for determining differences in medians
and similarity in spreads (Warner, 2000). As well as box
plots could be used to calculate and show outliers of
monitored data set. These are observations which values
are quite different from the others in the data set, and
often cause concern or alarm. Outliers can have one of
three causes: (i) a measurement or recording error; (ii) an
observation from a population not similar to that of most
of the data, e.g. a flood caused by a dam break rather than
by precipitation; (iii) a rare event from a single population
that is quite skewed (Helsel and Hirsch, 2002).

The statistical properties of water quality data
(concentrations of nutrient) are usually not normally
distributed, and they often reflect a seasonal pattern
because they are influenced by water discharge (lital, 2005).
Therefore to test normality of water quality and discharge
data, the Kolmogorov-Smirnov test (K-S test) was used.
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Spearman’s rank correlation procedure was used to
identifymonotonic(butnotnecessarilylinear) correlations
among constituents, providing a measure of the intensity
of association between two variables. Spearman’s
correlation coefficient is the linear correlation coefficient
computed on the ranks of data instead of actual values.
This coefficientranges from-1to +1; a negative coefficient
indicates that the higher ranks of one variable are related
to the lower ranks of the other variable. The closer the
absolute value of risto 1, the greater is the correlation
between the two variables. A small r, value, however, can
still be significant, depending on the associated p value.
If this p value is less than the significance level (p<0.05),
then the null hypothesis of no correlation (or r=0) is
rejected, and the correlation coefficient computed is
considered statistically significant (Warner, 2000).

A cumulative distribution curve of the monthly mean
values was used to show high and low water discharge
periods.
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Results and Discussion

The observed concentrations of NO,-N have rather
remarkable variability in all monitoring sites, as well as in
monitoring scales (Figure 1). High mean and maximum
NO,-N values in the Berze catchment (mean - 6.8 mg ')
and drainage field (mean - 10 mg I") levels can be
explained by the intensity of agricultural production,
and increased use of fertilizers. Compared to Berze in
Mellupite monitoring catchment less fertilizers are used
therefore NO,-N concentrations (mean 2.7 mg I'in the
catchment and mean 6.5 mg |"in the drainage field) are
fairly stable and close to mean value. In the Vienziemite
site, NO,-N concentrations are low and can be assumed to
be close to the natural levels, and there are no difference
in the concentration in drainage field (mean - 0.83 mg |)
and catchment (mean - 0.86 mg I") scales. NO,-N
mean concentrations in the studied catchments do not
exceed the levels established by the Nitrate Directive
(i.e., 11.3 mg NO,-N M.
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Figure 1. Concentrations of NO,-N in the catchment and drainage field scales:
minimum, mean, maximum, and outlying values.

The observed NO,-N concentrations were higher in
the drainage field outlets compared with concentrations
in the streams. The drainage water as it moves from the
root zone to the underlying drainage pipes has higher
nutrient concentrations, and nitrogen removal / retention
started there due to aeration, intake, and mixing with the
surface run-off. Relatively slow flow processes and more
favorable conditions for retention can contribute to the
nutrient decrease in streams (Jansons et al., 1999).

It should also be noted that some values of the
observed concentrations can be considered as extreme
values, which are statistically different from the other

data set. They are most likely due to extreme natural
conditions such as intense rainfall over a short period,
fast snow melting, etc. In fact, outliers are the maximum
values that have been fixed during the study period, and
it is obvious that these values have an impact not only on
the instantaneous concentration in water, but also on the
calculated total NO,-N losses.

Cumulative distribution of discharge shows the time
periods of intensive water flow, which also affects the
NO,-N losses. Similar trends can be seen in all monitoring
sites and in both field and catchments’monitoring scales.
Most of the water discharge occurred during spring flood,
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snowmelt in winter, and rainy period in the fall (Jansons
et al., 2003; Deelstra et al., 2004; Kutra, 2006). The results
show that main water discharge occurs during the period
from October to May, while during the summer months,
discharge is low and stable. Highest water discharge
is measured in Vienziemite monitoring site, while the

300

250

200

Discharge in catchment (mm)

150 -
- —u "
100
50
0 T T T T T T T T T T T
> » 5 T 3 2 2 Z 5 5 B B
S E 83222 522 oE i
E 5 = £ 8 3 ¢ 8
- (5] j=9) o =] 8
= Month 3 z A

lowest is in Berze. Differences in discharged volumes are
associated with the regional distribution of rainfall and
local water balance. In the study period, the average
rainfall in Vienziemite catchment area was 702 mm, in
Mellupite 636 mm, and in Berze 581 mm.
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Figure 2. Cumulative distribution of discharge (mm) in different monitoring scales:
M - Berze, ® - Mellupite, A - Vienziemite.

In general, nitrogen losses from arable land have a
good correlationwithwaterdischargefromthe catchment
area and main losses occur with surface and drainage
runoff during the high runoff periods (lital, 2005). Monthly
concentrations of NO,-N in Berze catchment support the

above - mentioned statement (Figure 3). Mean values are
higher during spring flood and rainy period in the fall.
Extreme values in summer can be explained by rainfall
that follows dry periods.
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Figure 3. Minimum, mean, maximum, and outlying monthly concentrations of NO,-N
in Berze catchment scale:
1 - January, 2 - February, 3 — March, 4 - April, 5 - May, 6 - June, 7 — July, 8 - August, 9 — September, 10 — October,
11 - November, 12 - December.
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Also Spearman’s correlation coefficients (r) between
NO,-N concentrations and discharge show rather close
relationship. In the small catchment scale in Berze
monitoring site, r = 0.39 (p = 0.00), in Mellupite - r.=0.44
(p = 0.00), and in Vienziemite - r. = 037 (p = 0.00);
p value indicates that the given correlation coefficients
are statistically reliable.

Conclusions

The results of the study show large variations in NO,-N
concentration depending on land use and management
practices. With increase of agriculture intensity, resulting
in increase of nitrogen inputs in the catchments’ area,

mean and maximum NO,-N concentrations are higher in
Berze and Mellupite monitoring sites.

Water discharge in all study catchments mainly
occurs during the period from October to May, while
during the summer months discharge is low and stable.
Higher water discharge usually determines higher
NO,-N losses, because more water infiltrates through the
soil profile, resulting in a higher nitrate leakage, especially
in drainage systems. Thus, specific agricultural practices
and mitigation measures should be implemented to
decrease the pollution risk caused by the meteorological
conditions that are prevailing during the autumn/winter
period.
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Abstract

This article gives a review of modern networking technologies and standards used in the development of distributed control
systems. Study of related scientific and professional literature has been performed, and basing on it a multi-level model of digital
network structure in the field of small-scale autonomous combined power systems has been proposed. Necessity of integration of
autonomous powering into SmartHouse systems and related distributed computing and networking issues are reflected as well.

As there is a wide variety of industrial networking standards used, this review covers and groups more frequently used protocols

and stacks from the view of OSI (Open Systems Interconnection) reference model and layers of industrial automation. The aim of
this article is to give a reference-point in the development of distributed control systems in the field of small-scale autonomous

power supply and integration of them in SmartHouse systems.

Key words: industrial communication network, autonomous combined power system, SmartHouse.

Introduction

With increased expansion of dwellings and small
farming facilities in rural regions with undeveloped
energetic infrastructure, a problem of inaccessibility of
energyresourcesarisesandvariousautonomoussolutions
can be considered as the only solution. It can be referred
toboth heatenergy supply and electrical energy supply to
power miscellaneous household appliances, electronics,
lighting and for use in farming and water supply needs. In
a number of cases in rural regions of Latvia, setting up of
anindividual autonomous power supply system that uses
one or more renewable energy sources, battery bank and
a back-up generator is a reasonable solution, because
of expenses of connection to public electrical power
network. For example, in accordance to ‘Methodology of
calculation of connection fee to public power network’
(approved by the council of Public Utilities Commission,
document No.145, 11.12.2002.) installation costs of a
power line depending on its parameters vary from 3000
to 20000 LVL per kilometer.

The purpose of an autonomous combined
power supply system is to provide electrical power
independently from public network by combining several
mutually complementary sources of energy. In practice,
systems with wind generators, solar cell panels and, in
some cases, small water-power plants are used. Integral
parts of such systems are also a battery bank for voltage
stabilization and temporal power supply and a reliable
back-up generator with combustion engine driving. It
can be used for long-term powering if wind and solar
energy is unenviable and batteries are depleted, and also

if additional power is needed, e.g. for washing machine
operation. All of this equipment should be supervised
by a centralized automatic control system to provide
the consumer with electrical power of good quality and
ensure normal mutual interconnection of all components
of the system (Osadcuks and Galins, 2007a; 2007b; 2008).
However, the costs per kilowatt hour (i.e. costs of
exploitation) of autonomous electrical power system
using today’s technologies are still higher than energy
provided by public electrical grid although the difference
has tendency to go down. Therefore the key of use of
self-produced energy is the economy and effectiveness.
It is calculated that investments in effectiveness of use
of energy save five times of expenses of generating
equipment. It is true for both electricity and heat usage
(Kemp, 2005). Energy effectiveness of buildings is studied
by another area of science and technology: SmartHouse.
It unites energy metering solutions as economy of
resources is connected to precise accounting of them,
technological solutions (economical lighting, heating,
ventilation, air conditioning, heatinsulation, etc.), security
systems and use of optimal automatic control algorithms
toimprovethe overalllevel of comfort. SmartHouse covers
also communications: ‘triple play’ services (Internet,
telephone and cable TV). Detailed researches have been
performed and numerous technologies and end-user
devices have been developed in this area. By integration
of all of these technologies a new concept of an universal
high-level centralized home interface, automation and
monitoring solution - ‘residential gateway’ — has been
proposed (Hamnot and LWHenc-lUHenne, 2008).
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In order to increase the effectiveness of both
producing party (the autonomous combined power
supply) and consuming party (home automation systems)
it is purposeful to integrate them on one of higher levels
of automation and implement a centralized control.

Due to advances in microprocessor systems (integrity
of chips, power consumption and manufacturing costs)
it becomes economically justified to embed cheap
microprocessor units, which can perform both control
and digital interface (to other processors and human
user) functions in a major part of sensors and executive
devices. Thus it is possible to create a complicated
multi-level distributed control system based on digital
communication networks. Most of modern industrial
automatic control systems are implemented using this
distributed approach replacing legacy centralized control
solutions based on analog signal networks (Kpyrnsk,
2002; Vince and Kovacova, 2007).

There are several hundreds of digital communication
network open and closed (commercial) standards, which
are used in implementation of distributed control in
various levels of automation. Unlike home and office
networking, these standards provide higher level of
determinism, specialized data structures and high
reliability when used in stress environments.

The aim of this article is to present a review of industrial
digital communication network standards, which could
give a reference point in selection of optimal solution in the
implementation of autonomous combined power supply
systems and integration of them to SmartHouse for the
system level and for the developer of end-user equipment.

Materials and Methods
Every terminal device (node) connected to the digital
communication network can be taken for an intellectual
unit, which unites necessarily functions to control the
given technological process and interface to other
devices on the network. The following functionality of a
common terminal device in an industrial application can
be defined (Kpyrnsk, 2002):
e receiving commands and data from other terminal
devices;
* reading values of connected analog transducers and
switches;

e processing of control algorithm accordingly to
technological process;

* delivering control impacts to connected actuators
accordingly to technological process and/or
commands obtained from other terminal devices;

* sending the collected information to other terminal
devices on the network.

As in conventional computer networks, data
interchange in industrial networks can be described
using OSI (Open Systems Interconnection) reference
model, which structures the data exchange functionality
between nodes of a network into seven layers: physical,
data link, network, transport, session, presentation, and
application layer. Above the application layer, the actual
user application comes. A number of industrial network
standards implements only selected layers. For example,
there are standards that define functionality only in
physical layer describing prerequisites of networking in
industrial applications with electromagnetic interference,
thermal and corrosive stress environments, etc. Examples
are RS-485, RS-422, Meter-Bus.

The communications in different layers can also be
structured by ranks of the nodes. There are master-slave,
server-client,and subscribing models in higher layers,and
peer-to-peer and also master-slave (differently ranked)
models in physical layers. In opposite to conventional
computer networks, industrial applications make a heavy
use of differently ranked node devices in the physical
layer as in order to be economically reasonable, the
network architecture should be chosen with taking into
account of tasking, self-independence and complexity of
terminal devices that can differ significantly in a single
application.

The number of network standards that are used
together in industry can be explained with essentially
different requirements to networks. All the standards
can be grouped by these requirements into hierarchical
layers of automation. A version of common layer structure
in industrial applications is given by K. Kpyrnak (2002).
There are four layers of hierarchical automation (begging
with the lowest): transducer and actuator layer, low level
automation, segment automation of a technological
process, and production level automation (Fig. 1.).
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Figure 1. The hierarchy of automation and control networking.

It should be pointed out that all the data
communication equipment (hubs, switches, repeaters,
interfacing devices, etc.) is considered as an integral part
of a network and therefore lies in corresponding layers of
the hierarchy.

The distribution by layers also allows to minimize
problems of compatibility of various networks used. For
this purpose the bus masters and interface converters
should be grouped at the boundaries of the layers.

At the lowest layer of transducers and actuators,
several to tens of data bytes per frame are enough for
communications between the terminal devices. Common
devices of this layer are various subsystems of analogous
and digital transducers, networks of intelligent digital
transducers, data logging devices, electrical drives for
motor control, valve, positioners, relay modules, etc.
The basic characteristic requirements for networking in
transducer and actuator level are deterministic operation
in real time mode, simplicity of implementation of OSI
model, minimal wiring (number of wires in a transmission
line; it is a pair mostly), in certain cases the ability of
powering network devices from the communication line
and requirements for hazardous industrial environment.

For sensor arrays e.g. in temperature or gas
composition sensors for measurement in larger areas the
maximum number of nodes and radius of network is also
important. As the end nodes of network due to number
of them and conditions of operation (sensor arrays,
actuators) should be as simple, power-economical and
cheap as possible, the master-slave network architecture
is mostly used in this layer of automation.

Examples of standards in this layer are AS (Actuator/
Sensor) interface (MonoBuHkuH, 2002), Meter-Bus, CAN
(Controller Area Network), ModBus, Wake, LIN (Local
Interconnect Network), X10 (network over mains power
lines), wireless ZigBee, Z-wave, and MiWi.

In the layer of low-level automation, the length of

data frames may vary from tens to hundreds of bytes
as both amounts of user data and service information
(headers, length fields, checksums, etc.) are increased,
more complex addresation can be used, and OSI layers
can be used more widely. Characteristic devices are
controllers of machines and master nodes of transducer
and actuator layer networks. Data interchange consists
of technological commands from higher layer and data
acquired from sensor systems. Therefore data throughput
requirements are increased in comparison to lower layer.
The examples of network standards in this layer are:
Profibus-DP, Profibus-PA, CAN, Interbus, Foundation
Fieldbus, DeviceNet. In a number of situations, industrial
Ethernet can also be used (Kpyrnsk, 2003).

In the layer of segment automation of technological
process, the coordination of machines in automatic and
manual mode has been performed. Operating modes
of discrete machines and segments of a system (e.g.
production facility) are organized and fault elimination,
monitoring of operation, data logging and delivery
to higher level are managed as well. The terminal
devices used are industrial computers, high-end PLC
(Programmable Logic Controllers) and HMI (Human
Machine Interface) terminals, and other manual controls.
Data transmitted consists of complex control commands,
comparatively larger data arrays of monitoring and
statistical information, updates of control equipment
firmware, and HMlI related data (drawings, agendas, user
instructions, etc.).

Network specifications used in this layer: Profibus-
FMSand industrial Ethernet. Peer-to-peer communication
architecture is mainly used.

Production level automation layer groups personal
computers and servers, which display the operation
parameters of technological process, provide the lower
layers with various informative services, archives and
storesstatisticaldata, maintainsdatabases,createsreports,
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interfaces to the Internet, and performs administrative
functions. The real-time requirements in contrast to lower
layers are decreased and are limited to requirements of
common local area network. Conventional home and
office Ethernet equipment can be used in this layer.

The boundaries of automation layers described above
are not strictly regulated and the layers can overlap, if it is
economically reasonable. For example, the performance
of CAN interface is relatively high (throughput of up to
1 Mbit s, deterministic operation, and low latency) and it
is available as a hardware module in a number of middle
range microcontrollers (e.g. PIC18F4XX, dsPIC33FJ256GP,
AT90CANXX). Therefore it is possible to use CAN in
interfacing to transducers and sensors and in data
interchange between more sophisticated controllers in
low-level automation layer. The same situation is with
Ethernet networks. Hardware solutions on a single chip
for interfacing Ethernet networks in physical and data
link layers of OSI model have become available recently,
e.g. ENC28J60/SP chip, which is supplied in 28-pin dual
inline package and implements Ethernet to UART (Unified
Asynchronous Receiver and Transmitter) conversion.
Manufacturers of microcontrollers also support Ethernet
networking by providing full implementation of TCP/
IP stack as freely available software library. It allows
to integrate this type of networks to the lowest level
of automation. There is also an extension developed:
Ethernet/IP (Industrial Protocol). It works in session-
presentation-application layer as object-oriented CIP

Residental gateway:
residental gateway equipment
and home file, DB, WWW
servers, cable TV, telephone,
data security, infranet, Internet

(Control and Information Protocol) in order to achieve
real-time functionality of Ethernet networks. But due to
activity of lower OSl layers, actual determinism cannot be
fully achieved.

Results and Discussion

Theoretical literature, a number of application notes
and specific developments have been studied, and the
digital communication networking hierarhchic structure
of autonomous combined power supply system with
integration in SmartHouse applications has been
developed (Fig. 2.).

The lowest layer contains transducers and actuators
of autonomous power system and SmartHouse
installations: sensors of parameters of autonomous power
grid (voltage, current, energy consumption metering),
associated transducers of certain generators and power
converters (anemometer, pyrometer, fuel level, operating
temperature, etc.), and SmartHouse equipment (outside
and indoors visible light sensors, thermometers, motion
detectors and other security devices, remotely controlled
dimmers and relays, blind controllers, etc.).

At the layer of low-level automation there are
controllers of more sophisticated devices that use in
their operation data from the sensor layer below: wind
generators, solar cell panels, complex lighting control
of rooms, simple HMI, like lamp switches and gauges
of autonomous powering conditions, access control
systems, etc.

Segment automation:
high level control equipent of
segments: autonomous
powering and SmartHouse,
video surveliance, HMI

Device automation:

Complex controllable equipment
(room controls, wind generators,
inverters etc.), bus masters of
pevious level, low level
controllers, access terminals,
HMI terminals

Transducers and actuators:
Thermometers, light sensors,
dimmers, data logging

Figure 2. The hierarchy of automation and control networking in autonomous
combined power supply and SmartHouse.

At the layer of segment automation, high level control
of discrete segments can beimplemented. In this case, the

segments are autonomous powering and SmartHouse.
This level also contains HMI points (touch panels with
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graphical user interface) and video surveillance system.
The highest layer is formed by local intranet, central
node of home automation - residential gateway, triple
play services, and data security equipment.
Figure 3 summarizes and groups by layers of
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Figure 3. Grouping by layers of hierarchical automation and OSI reference model of several more
frequently used industrial networking standards.

Conclusions

The common hierarchical multi-layer model of
distributed industrial automation and networking and
the particular model for autonomous combined power
supply and home automation allows to structure overall
systembyusinggroupsofindustrialnetworkrequirements
and accordingly select specific standard or technology of
industrial networking. It can help in selection of optimal
communication interface for particular project of both
discrete device development and implementation of
overall system.

The distribution by industrial network requirements
allows also to minimize problems of compatibility of
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Abstract

The aim of the study is to analyse society's attitude towards globalization, increased immigration and multicultural dialogue
emphasizing the importance of multicultural education. The investigation is based on the EU Comenius school partnership
project ‘Richness in Diversity’ (No.: 07-LVA01-CO06-00167-2) where five EU countries (Latvia, Slovakia, Portugal, the Netherlands
and Ireland) are involved. During investigation, a qualitative research has been done. The EU Comenius school partnership project
‘Richness in Diversity’ coordinators (teachers experts) were interviewed to discover their own experience and attitude towards
globalization, migration, intercultural dialogue as well as their observations of their students’ (aged 12-15) attitude and knowledge
at the beginning of the project and dynamics - how changes their attitude when they have a possibility to visit a particular country
and meet its inhabitants. The results show a positive progress of the teachers’ and students’ knowledge about the EU Comenius
school partnership project ‘Richness in Diversity’ involved countries. During the project, mobilities students live in host families
which gives them an excellent opportunity to get introduced with the particular EU country’s family, their everyday life, traditions

and habits. It helps them better understand people from different cultures and learn to appreciate the culture diversity.

Key words: migration, radicalism, intercultural dialogue, culture, integration.

Introduction

During globalization when increases immigration
and many people go to work and study abroad in other
cultures, difficulties of intercultural communication
(intercultural communication occurs whenever a
message produced in one culture must be processed in
other culture and the message must be understood (Kim,
1998)) may arise as well as racial discrimination and race-
hatred. The role of multicultural education is to reduce
radicalism, racial discrimination and promote integration
processes in society emphasizing multicultural dialogue
and culture diversity. Many scientists from all over the
world, like PS. Adler, I. Apine, J.A. Banks, Y.Y. Kim have
done investigations proving the fact that multicultural
education reduces society's radicalism and discrimination
among nations. Studies of different cultures and
traditions help to improve international relationships
and the multicultural dialogue and to avoid some degree
of culture shock that may happen when first time live
abroad, especially in a very different culture. ‘The ability
to communicate effectively with people from diverse
cultures and co cultures benefits each of us as individuals
and has the potential to benefit the other 5.5 billion
people with whom we share this planet’ (Samovar and
Porter, 1991).

The aim of the study was to discover their own
experience and attitude towards globalization,
migration and intercultural dialogue. The teachers
experts’ observations of their students’ attitude and

knowledge were estimated and dynamics when they
have a possibility to visit a particular country and meet
its inhabitants. The results show a positive progress of the
teachers™ and students’ attitude and knowledge about
the EU Comenius school partnership project ‘Richness in
Diversity’ involved countries.

Materials and Methods

The investigation described in this article is based on
the EU Comenius school partnership project ‘Richness in
Diversity’ where five EU countries are involved (Latvia,
Slovakia, Portugal, the Netherlands and Ireland) and was
done in spring 2008. This is a continuing research, on
which basis the author will work out the doctor thesis.

The data were obtained using a qualitative research
- interviews. The coordinators (teachers experts)
from all five countries involved in the EU Comenius
school partnership project ‘Richness in Diversity’ were
interviewed. The interviews were made according to A.
Kroplijs and M. Racevska‘Methods of Qualitative Research
in Social Sciences’ (Kroplijs and Racevska, 2004). It was
partly structured interviews, according to A. Geske and
A. Grinfelds ‘Educational Research’ (Geske and Grinfelds,
2006).

The aim of the investigation was to analyse the
teachers experts’ from all five EU countries involved in
the Comenius school partnership project ‘Richness in
Diversity”.

1) own experience and attitude towards globalization,
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migration, intercultural dialogue;

2) observationsoftheirstudents’attitudeand knowledge
at the beginning of the project and dynamics - how
changes their attitude when they have a possibility to
visit a particular country and meet its inhabitants.
The research basis — coordinators (teachers experts)

from participating countries (Latvia, Slovakia, Portugal,

the Netherlands and Ireland) in the EU Comenius school
partnership project ‘Richness in Diversity’. The teachers
experts’ were selected on their high-level education
basis (12 Masters® and 3 Doctors™ degrees in Pedagogy)
as well as on their long working experience - more than

10 years in pedagogy and project coordination (55). This

factor is essential for getting valid information.

Schools and countries from where teachers experts
participated in the investigation were:

1) Satini Primary School, Saldus region, Latvia (there
work 23 teachers and it has 130 students, in the
research participated 10 teachers experts);

2) CJC Riga Pupils® Palace, Riga, Latvia (there work 95
teachers and it has 3956 students, in the research
participated 15 teachers experts);

3) Zakladna School, Kezhmarok, Slovakia (there work
50 teachers and it has 867 students, in the research
participated 12 teachers experts);

4) Agrupament de Escolas da Guia, Portugal (there work
125 teachers and it has 917 students, in the research
participated12 teachers experts);

5) Montessori College, Nijmegen, the Netherlands
(there work 57 teachers and it has 597 students, in the
research participated 11 teachers experts);

6) Merci College, Sligo, Ireland (there work 57 teachers
and it has 597 students, in the research participated
10 teachers experts).

Most of the interviews were made during the project
mobilities in 2008 when all project partners met each
other in a particular country (in February, 2008, meeting
in Portugal; in May, 2008, meeting in Latvia; in October,
2008, meeting in Ireland). The rest of the interviews and
additional information were gained using telephones
and e-mails from February till December 2008.

Results and Discussion

Respondents™ opinion on Globalization

Gained results show different attitudes towards
globalization. Summarizing the answers we can divide
respondents in two parts. One part of respondents (75%)
acknowledges globalization and has a positive attitude
towards globalization, while others (25%) has a negative
attitude towards globalization.

Most of the respondents (87%) recognize globalization

as afact of life, which is here to stay. They say that it brings
problems like the rise of Transnational Corporations
which have become more powerful than national
governments but which are not responsible to anyone
except their shareholders. Also, while governments
seem to want free movement of goods and services they
wish to restrict the free movement of people. People
sometime say - we are creating ‘Fortress Europe, for
example in an attempt to keep out poor people from
other countries. Respondents from the Eastern part of
Europe (65%) (Latvia and Slovakia) confess that they meet
globalization in very limited fields of human activities.
They agree with globalization in communications and
telecommunication sector, transport, science, statistics
and life saving and warming systems but not in the fields
of culture, traditions and ways of lives. Respondents from
Slovakia (98%) say that after joining the European Union
in May 2004, there have been a lot of discussions about
keeping up their national, economic and cultural identity
in common Europe. They agree that the possible way to
reach it is keeping of own traditions, habits and culture
in every detail. The task of the future is finding margins
between integration (globalization) and national identity
and originality.

Respondents™ opinion on Migration

Speaking about migration in general, respondents
(56%) say that migration brings many positive benefits
and also some challenges. They acknowledge that it is
good to be enriched by other cultures and other ideas
and point out that migration has always happened
though not on the same scale as at present. Saying that
countries need new life, new blood, and new ideas,
respondents (71%) support migration but at the same
time emphasize the fact of challenge that arises because
change is not always easy and learning to accommodate
diverse cultures, languages and religions takes time. Irish
respondents (98%) say that Irish people have a history of
migration and now it is their turn to receive migrants from
many countries. Respondents from Latvia and Slovakia
(74%) say that in general migration can contribute to
understanding of different nations, learning of languages,
gaining of useful working experience. Respondents from
Slovakia (87%) say that at the moment they feel a huge
impact of the brain drain in Slovakia. Highly educated
people and especially young people leave the country
because of earning much more money abroad. They are
worried that it might have really devastating effect on
their society. The same happens in Latvia.

Respondents form the Netherlands and Portugal (57%)
have quite negative attitude towards migration in their
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country. They explain that immigrants bring negative
changes in their country. Respondents from Latvia and
Slovakia (7 respondents) have noticed that thereis no such
problem in their country because these countries do not
attract a lot of immigrants at the moment. In general they
think that countries should provide political asylum and
help people in need, but as it is seen in some European
countries too many economy immigrants can cause
tension in the society. All respondents from Ireland (10
respondents) welcome the diversity and variety but at the
same time says that not everyone does. If immigrants are
seen to bring down the price of labour and native people
lose jobs because immigrants are willing to work for less
that can cause resentment. The solution they give is not
to ban immigration but to make sure that labour laws are
minimum wage holidays, etc. should be enforced.

All respondents (100%) from all countries agree that
immigrants in their host country must have a possibility
of keeping their native language, traditions, and lifestyles
but at the same time they must learn the language,
traditions and lifestyle of the host country as well as
respect its legislation. Irish respondents (96%) admit that
a lot of immigrants can be a danger for the host country
if immigrants do not become integrated within the host
society.The given example about America shows that this
country is made up of waves and waves of immigrants
but America is a very patriotic society. Second and third
generation immigrants will see themselves as Irish and
American or Latvian and Irish or whatever. The type of
patriotism, which depends on a monolithic culture, is
not good. Irish respondents (89%) also say that Northern
Ireland is probably an example of a place, which is not
united and where to one half of the population being
patriotic means being Irish and to the other half it means
being British. It could be said that the Ulster Unionists
were immigrants for several hundred years that displaced
the local population so immigration cannot be forced by
governments.

Inall interviewed countries respondents say that there
is a possibility for immigrants to get a citizenship when
they pass exams but at the same time they confess that
integration work is not enough done. Irish respondents
(10 respondents) say that there are also some diversity
and tolerance programmes but there is not enough
funding available. In Ireland immigrants are welcomed
as workers but not enough has been done to welcome
them as human beings.

Itis also an interesting fact that all respondents admit
a possibility of going abroad for a while for studies and
gaining new experience but very few of them (3%) admit
a possibility of working abroad.

Respondents™ opinion on Culture Heritage

Speaking about the knowledge of different countries,
cultures and traditions as provided at schools, all
respondents (100%) say thatitisnotenough.Respondents
from Latvia and Slovakia (95%) say that geographical
knowledge given at their schools is sufficient but they
should improve education in tolerance and respect
to other nations. Respondents from the Netherlands
and Portugal (87%) admit that they have a very poor
knowledge about the Eastern Europe countries, like
Slovakia and Latvia. Respondents from Ireland (79%)
say that schools can impact knowledge through History,
Language teaching, European studies, etc. and it is
difficult to pass on a positive attitude to other cultures as
attitudes at home and in the wider community are more
influential on students. All respondents say (100%) that
curriculum has not been adapted to help learn about
other cultures. Irish respondents (6 respondents) give an
example that the junior history syllabus gives a choice
to learn about ancient Greece or Rome as examples of
another civilization but there is no choice to do Chinese
Civilization instead even though they have Chinese
students. Also the history course teaches about the
Renaissance but gives no information about the Muslim
contribution to European civilization. Language students
do learn about the culture of France, Germany or Spain.

Allrespondents (100%) say thatthereis a big difference
between knowledge given at schools and gained abroad.
Direct contact with country and its people is invaluable.
Themostimportant’humandimension’ismissinginschool
education and this can be given to students through
the exchanges during project mobilities when students
visit a particular country. Slovak respondents (58%) say
that understanding each other is not only the matter of
knowledge but mainlyitis about our communication and
feelings of friendship and cooperation. Irish respondents
(87%) admit that it depends on how the knowledge is
gained abroad. If one gets an opportunity to live with a
family, go to school or work, meet local people then the
knowledge is worthwhile, but if one is a tourist staying
in a hotel and only seeing touristy things one may not
get much knowledge. There it should be explained that
in our EU Comenius school project ‘Richness in Diversity’
mobilities students live with host families, go to school,
attend lessons and meet local people.

Respondents answers(100%)showedthediscrepancy
between a tourist visit and project mobility. They say that
tourist visit can be more superficial and the emphasis is
on seeing sights and spending time with family or friends
one travelled with. However, they admit the fact that if
one is interested as a tourist one can discover a lot about
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the culture of the country but if one does not know the
language of the host country it is not possible to meet
local people in any meaningful way. Slovak respondents
(86%) also agree that there is a wide gap between being
in the country as a tourist or as a participant of the project.
You can see buildings, towns, fine arts and many other
valuable things as a tourist but you do not usually have
a chance to meet people, to know their real lives, their
feelings and opinions. The best guide is a service provider
only, but your project partner is a friend and a colleague
who gives you informal personal information and it is
extremely valuable and important. One Irish respondent
gives an example that she had a very interesting visit
to Cordoba in Spain where she got a lot of information
about the Islamic, Roman and Jewish cultures, which
helped to shape it but she did not speak Spanish and
even the wonderful Roman museum she could not
follow all the information signs about the exhibits. At
the same time when she visited Kempten, Sligo’s Twin
Town in Bavaria and stayed with exchange hosts of her
daughter, the families showed her around and share their
culture. This is similar to that we have in our project. All
respondents (100%) appreciate the project mobilities
and say that during these mobilities they can improve
their knowledge about the particular country, use foreign
language learnt at school and understand that learning
languages is really important for their future lives. They
can gain greater motivation in learning languages as well.
The students™ foreign language knowledge improves
and this progress is evaluated in marks during the foreign
language lessons when returning home. At the same
time improves students and teachers’ knowledge about
culture diversity, traditions and they get new friends.
Students’ attitude has changed - at the beginning of the
project they were quite worried about using languages
and staying in a strange family. After their first experience,
they become more confident in communication and they
even love those members of the families who did not
speak English at all. They appreciate meeting new friends
and people and they consider this aspect of the exchange
the most valuable in their reports. First they used to be a
bit shy but later they started to be aware of their abilities.
They all emphasized their positive experience and warm
welcome provided by the host families. It could give
them a chance to be real European citizenships in the
long term.

Most of the respondents (96%) admit that they are
sure that the language barrier can cause difference
in foreigners’ attitude. Speaking in partners’ native
language is the best way to understand each other, but
using another foreign language, which all know, is a good

alternative as well.

Speaking about multicultural understanding whether
it has changed during such projects, 76% of respondents
say that despite the differences among cultures, religions
and experiences, all countries want to live in peace, play
a role on the world political stage, improve their living
and working conditions and strive for greater justice in
the world. Respondents think that every nation with its
culture, traditions, customs and other specifies represents
the huge human creative power and the richness of
mind. Loosing whichever of them they consider spiritual
impoverishment of the mankind.

During the mobilities, respondents (98%) notice
that students have no problems to communicate and
they want to understand each other. They could not feel
any national or ethnic barriers between them and they
behaved very friendly. Seven Slovak respondents say
that students are very curious about their host families’
life style and they have no difficulties in respecting the
existing differences. While 30% of Irish respondents
have noticed that most students are not very curious
about or interested in other cultures, but in general
Irish students do not show any overt racism or hostility
towards students from other cultures but in general, they
do not go out of their way to include them or make them
welcome. This applies equally to the migrant students. If
there are a number of them they tend to associate with
their own peer group. Language difficulties on both
sides partly explain this but the respondents think that
it is also because teenagers tend to be very wrapped up
in their own peer group and are not very curious about
other groups. This does not apply just to other cultures
but also to urban versus rural or sporty versus non sporty
within the same culture. These respondents also think
that younger students, i.e. primary school age seem to be
more open to diversity but the teenage years are a time
for the dominance of the peer group.

Discussing activities that should be carried out at
school and during project mobilities to teach students
appreciate all nations, all respondents (100%) point out
different group works, creative works, working together
and sport activities. Also different cultural practices
need to be explained to students, e.g. fasting during
Ramadan, etc. There needs to be a debate about where
the boundaries between respect for another culture
and insisting on the basic human rights understanding
of one’s own culture lie. An Irish respondent gives an
example that one can respect some cultural practices but
not all, e.g. corporal punishment, gender discrimination,
etc. Irish respondents (87%) admit that a lot needs to be
done to impress on Irish students that not being able to
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speak English is not a sign of a lack of intelligence and
activities need to be fostered which are not language
dependent, e.g. games, art, crafts, etc.

Six Irish respondents give an interesting comment
on migration. They say that Ireland now has a very large
immigrant population especially form Eastern Europe.
Thisisavery new experience for usas up to the 1980’s Irish
people needed to emigrate to find work themselves and
there are millions of people of Irish descent all over the
world. Attitudes to immigration were shaped to a great
extentbythelarge numbersofasylum seekerswhoarrived
in Ireland from 1999 onwards. They were not allowed to
work and it took years to process their applications, so, to
a great extent, they were seen as ‘scroungers’ who were
exploiting the Irish people. Making education provision
for the children of asylum seekers was the first experience
the Irish government had of accommodating diversity.

25

Since the government did not regard the asylum seekers
as long - term residents it was reluctant to invest too
much in providing for them. The accession of the new
EU countries brought large numbers of migrants from
Eastern Europe. People came because of the growth
in the economy and many brought their families with
them. This has huge implications for education but while
language teachers have been appointed and Intercultural
Guidelines produced nothing has been done at an official
level to train teachers for the new situation or to adapt
the curriculum. The government has not done enough to
help society as a whole adapt to the change. Immigrants
have been viewed as workers and all their other needs to
a great extent ignored. They admit that this is changing
a little now. Ireland has a Minister for Integration, and
various area partnerships are working on diversity
projects but it needs to be more mainstream.

20 -
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Figure 1. The importance of globalization, migration and culture heritage:
L - Latvia, S - Slovakia, P - Portugal, N — The Netherlands, | - Ireland.

Figure 1 shows teachers experts’ attitude and
importance of globalization, migration and preservation
of the culture heritage in their own country as well as in
the European Union.

Having studied scientific works about immigration
and integration the author came across with many
examples of negative attitude towards immigrants.
Because of the different history there is a big discrepancy
between Eastern and Western EU countries, and the
common tendencies show that. People from the Eastern
countries migrate to the Western countries as there they
find better living conditions. It is also observed in Latvia
and Slovakia when their inhabitants emigrate to the
Western EU countries for better job and living conditions
(Krdma and Indans, 2007). People’s negative attitude

and attacks towards immigrants show their fears about
their national identity, their culture values as well as they
are afraid of terrorism threats in their countries (Kriima
and Indans, 2007). Radicalism is considered as the main
influencing factor of terrorism, e.g. a separate social group
- new Muslims - men who are not integrated in Western
societies and therefore foster radicalism processes in
society (Reire, 2007). In democratic societies, names
‘extreme’ and ‘radical’ usually describe groups which
do not recognize common values (Rostoks, 2007). It is
impossible to think about radicalism in different ethnical
groups’ relationships, attitude towards immigrants,
religion and cultural minorities without definite political
context.Toavoid thisitisimportant for the host country to
solve immigrants’ problems (ljabs, 2007). Speaking about
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social or culture identity it is important to understand
that every individual has a need to belong to a particular
group -tobea part of the social group which hascommon
values. Different social groups that have to live together
have the same question of mutual relations and the result
is social world - society as it is now. Every social group
has its own norms, values and means of expression and
experiences, which characterizes and differs from other
groups (Vasarina, 2007). The basic idea of understanding
and successful multicultural dialogue is connected with
the presumption of the objectivity of moral norms -
there exists something that everybody should recognize
(Muizniece, 2007). To influence society's consolidation it
is important for the public governance to choose people
from different social groups, for instance, in educational,
demographical, ethnical, political structures. It is also
considered to be more democratic model (Reinholde,
2007) and it fosters integration processes in society.
We have to confess that EU partner countries can get a
lot of economical and other benefits from immigrants.
Therefore it is important to integrate immigrants in their
host country’s society (Krima and Indans, 2007).

Conclusions

1. Teachers and students who participate in the EU
Comenius school partnership project ‘Richness in
Diversity’ and during the project mobilities visit
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Abstract

Music schools in Latvia provide pupils with musical education both in the towns and rural areas of Latvia. Studies include
instrumental playing, history of music, and music theory lessons. An actual pedagogical problem at the time is activation of pupils’
learning. Self-regulated learning acquires significant meaning for pupils’ future life. A way of helping pupils’ self-regulation in
learning is differentiation of learning methods and forms.The aim of the paper is to research the meaning of music schools’ensemble
work (collective performance) for enhancing pupils’ self-regulated learning. Learning is a process where an individual inherits
accumulated experience of the society, acquires skills, knowledge, attitudes, enhances his experience, individually and responsibly
working and discovering himself, nature and society. Learning as an activity is based on learning experience. According to L.S.
Vygotsky's theory of learning, the cultural development depends upon social interaction. The use of ensemble work (collective
performance) in school as a form of learning activity and method observes a reciprocal movement towards didactic goal, includes
the components of due learning contents (knowledge, skills, instrumental playing experience, attitudes), the results of learning
process and its evaluation. Analysis of the obtained data shows that music teachers choose ensemble work as method and form of
teaching to indirectly influence the self-regulated learning of pupils, whereas the pupils do not fully understand the significance of
ensemble work for enhancing self-regulated learning techniques.

Key words: ensemble work, self-regulated learning.

Introduction

Learning is a specific activity which implies experience
and skills as personal qualities that allow or do not
allow an achievement of learning goals set by the self
or a teacher (Zogla, 2001). Actual pedagogical problem
at the time is activation of pupils’ cognition. How to
help pupils learning to learn, foster the independence
and self-regulation in learning by observing individual
approach? A way of helping pupils’ self-regulation in
learning is differentiation of learning methods and forms
(Andersone, 2007).

Music schools in Latvia provide pupils with musical
education both in the towns and rural areas of Latvia.
Studies include instrumental playing, history of music,
and music theory lessons. The aim of the paper is to
research the meaning of music schools’ ensemble work
(collective performance) for enhancing pupils’ self-
regulated learning.

Materials and Methods

As stated by pedagogue |. Zogla, learning as
didactic notion includes two aspects — pedagogical and
psychological. Pedagogical aspect’s learning content is
variable and its separate components are significantly
apart of each other which considerably increases the
significance of learning approach choice (Zogla, 2001).

Learning is a process where an individual inherits

accumulated experience of the society, acquires
skills, knowledge, attitudes, enhances his experience,
individually and responsibly working and discovering
himself, nature and society, as defined in the Glossary
of Pedagogical Terms (Pedagogijas terminu skaidrojosa
vardnica, 2000). Learning as activity is based on learning
experience.

W. Dilthey argued that experience is a starting point
of cognition and demonstrates an attitude to the world.
He suggested that all human experience divides naturally
into two parts: that of the surrounding natural world, and
that of inner experience, characterized by responsibility
for actions (Dilthey, 2000).

J. Dewey defined two main principles formatting
the basis of human experience underlie the basis of the
experience-forming:

* the principle of mutual cooperation,
* the principle of perpetuity or legacy (Dewey, 2005).

Hermeneutics offers a new way to understand the
experience ofarts.Originally devoted to theinterpretation
of sacred texts, hermeneutics was extended by M.
Heidegger. He suggested that human beings are always
in the process of interpreting the world and themselves,
and saw in hermeneutics a structure of existence
(Heidegger, 1962).

According to L.S. Vygotsky’s theory of learning, the
cultural development depends upon social interaction.
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Reflecting thatthe individual uses the world asinstrument
for his/her object-orientated actions, author stated that
this applies equally to voluntary attention, to logical
memory, and to the formation of concepts (Vygotsky,
1978).

L.S.Vygotsky's theory is complementary to the work of
A. Bandura on social learning. According to A. Bandura’s
conceptofself-regulatedlearning, the behaviourdepends
upon controlling. Reflecting that the individual compares
the learning as performance with traditional standards
or competing with others/ourselves, he suggested such
three steps:
¢ self-observation,

* judgment,
e self-response (Bandura, 1997).

As stated by pedagogue l. Zogla, learning is a
purposeful cognitive activity in order of enhancing
experience within a specially organized environment
and with the help of another person which actualizes
emotions, motives, interests, needs, contact, attitudes,
and other individual qualities (Zogla, 2001). Learning
activation is a resource which is realized by differentiation
of learning forms and choice of appropriate teaching
methods to increase the self-regulation in pupils’learning
process.

The use of ensemble work (collective performance) in
school as a form of learning activity and method observes
a reciprocal movement towards didactic goal, includes
the components of due learning contents (knowledge,
skills, instrumental playing experience, attitudes), the
results of learning process and its evaluation. Ensemble
work (collective performance) is realized through teacher
- pupil co-operation by integration of individual and
group practice into the learning process.

Ensemble work at music school is characterized by
the involved pupils’ united efforts and responsibility for
achieving the artistic goals in the piece of music being
learned, by including the following tasks:

* playing a musical instrument,

* being able to interpret the visual music notation,

e control dynamics and rhythm in group playing,

* coordinate the way of sound production,

* collectively solve the tasks of ensemble playing,

* be aware of needs for improvement in individual
playing.

In order to evaluate the importance of ensemble work
(collective performance) at schools for enhancing pupils’
self-regulated learning, in 2008/2009 a pedagogical
study was conducted involving 18 teachers and pupils of
a Vidzeme area music school.

Results and Discussion

The pedagogical premises of ensemble work
(collective performance) at music schools are being
realised according to the educational standard on
professional vocational education program ‘Instrumental
music’ for educational contents’amount and distribution
(Educational standard, 2002).

The form of ensemble work in vocational education
program is used in the subject ‘Collective performance’
with contents’ acquisition during six academic years
(third through eighth grade, 560 lessons in total).
Program realization plan includes keyboard and string
instruments’ divisions as follows:

e piano playing,
* violin, viola, cello playing.

Ensemble work form for subject ‘Collective
performance’in a shorter period of four academic years
(third through sixth grade, total of 420 lessons) is realized
in the following divisions:

e accordion, Latvian psaltery, guitar playing,

* double bass, percussion playing,

* flute, oboe, clarinet, bassoon playing,

e saxophone, horn, trumpet, trombone playing,

* tuba, euphonium, other brass instrument playing.

Professional  vocational  education  program
‘Instrumental music’ contents’ realization in practical
education process in Latvia rural areas’ music schools
is dependent on the presence of teachers at the each
educational institution. Not all Latvian schools realize
each of the program components every year. This is why
ensemble work forms and contents in each particular
situation are planned according to instrumental teachers’
and pupils’ presence.

A survey on situation in real pedagogical process in a
musicschoolinVidzeme areawas conductedin2008/2009
with purpose of obtaining data from two independent
groups (teachers and pupils). Data was processed with
a Mann-Withney U test. The research is based on the
data received from the analysis of the situation in the
educational practise. During the 2008/2009 academic
year, 18 pedagogues and pupils of rural music school in
Vidzeme were asked to complete a questionnaire about
developing self-regulated learning by using ensemble
work (collective performance). A totally 7 pedagogues
and 11 pupils took part in the assessing experiment.
Respondents were interviewed in two question groups,
and set reply data was obtained in six positions:

1) disagree,
2) rather disagree than agree,
3) not sure,
4) rather agree than disagree,
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5) agree,
6) no data.

Ensemble work (collective performance) research
was done using nonparametric methods, to establish
differences between two unconnected sample units
(pedagogues and pupils). Data processing and analysis
by Mann-Whitney UTestin SPSS environment was applied
on two independent data selections (Lasmanis, 2003).

Test results in the first question group on knowledge
as resource for self-requlated learning analysed
hypothesis that a significant difference in a number of

12+

replies between pedagogues and pupils exists:

1.1. Knowledge about ensemble music literature
enhances self-regulated learning.

As p-value=0.003<0.05, then with a 95% possibility
can be concluded that pedagogues’ reply numbers differ
significantly from the pupils’;

1.2. Knowledge about co-operation in ensemble
encourages self-regulated learning.

As p-value=0.039<0.05, then with a 95% possibility
can be concluded that pedagogues’ reply numbers differ
significantly from the pupils’ (see Fig. 1).

10+

O disagree

Brather agree than disagree Magree

B rather disagree than agree Onot sure
Ono data

Figure 1. Knowledge as resource for self-regulated learning.

Test results in the second question group on
ensemble experience as resource for self-requlated
learning analysed hypothesis that a significant difference
in a number of replies between pedagogues and pupils
exists:

2.1. Obtaining performance skills for solo instrument
playing.

As p-value=0.024<0.05, then with a 95% possibility

can be concluded that pedagogues’ reply numbers differ
significantly from the pupils’;

2.2. Obtaining responsible attitude for individual
practising.

As p-value=0.000<0.05, then with a 95% possibility
can be concluded that pedagogues’ reply numbers differ
significantly from the pupils’ (see Fig. 2).
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2.1. 2.2.

O disagree B rather disagree than agree Onot sure

B rather agree than disagree Magree Ono data

Figure 2. Ensemble experience as resource for self-regulated learning.

Analysis of the obtained data shows that music Conclusions

teachers choose ensemble work as method and form of 1. Ensemble work (collective performance) as form and

teachingtoindirectlyinfluence the self-regulatedlearning method of learning at music school satisfies the pupils’
of pupils, whereas the pupils do not fully understand the need for contact and cooperation in practising.
significance of ensemble work for learning self-regulated 2. Ensemble work (collective performance) at music
learning techniques. schoolisapedagogical condition forenhancing pupils’

Significant components for enhancing self-regulated self-regulated learning by obtaining knowledge and
learning are: experience.

knowledge about ensemble music literature,
knowledge about co-operation in ensemble work,
performance skills for playing solo instrument,
responsible attitude to practising.
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Abstract

The Bologna Process started in 1999, aiming to elaborate an overarching framework of qualifications for the European Higher
Education Area. The doctoral level as the third cycle was introduced for promoting closer links between research and higher
education. The implementation of doctoral programme of pedagogy has strengthened the area of educational research. The
general goal of the doctoral education is to provide doctoral students with an in-depth knowledge of the field of research and
the capability to produce novel scientific knowledge independently. The aim of the paper is to characterize the realisation of
teachers’ education as doctoral training in the context of Bologna Process strategies. The seminar in Salzburg set up ten basic
principles concerning doctoral education. Learning outcomes in the field of research training are one of the basic building blocks of
European higher education quality. The quality of teachers’education on doctoral studies level is depending on advanced learning
outcomes of an individual. The goals of doctoral education are increasing internationalisation, co-operation between academies,
promoting academic careers and establishing post-doctoral positions. The investigation about research training was carried out
at Riga Teacher Training and Educational Management Academy doctoral study programme in pedagogy. A questionnaire about
aspects of doctoral studies was developed for obtaining information for analysis and was given to teachers (doctoral students).
Respondents were asked to complete the questionnaire focusing on learning outcomes. The estimation of the results was made
summing the answers, and the percentage was calculated. Feedback from doctoral students plays an important role in the further

development of the curricula.

Key words: doctoral programme, doctoral students.

Introduction

The Bologna Process started in 1999, aiming to
elaborate an overarching framework of qualifications
for the European Higher Education Area. In the Berlin
Communiqué 2003, the doctoral level as the third cycle
in the Bologna Process was introduced for promoting
closer links between research and higher education. Two
years later, the Bergen Communiqué 2005 emphasised
the importance of higher education and the quality of
teaching in further enhancing research and vice versa
(The European Higher Education Area beyond 2010,
2005). In the London Communiqué 2007, the emphasis
again was put on embedding doctoral programmes
in higher institutional strategies and policies (Bologna
Process: Stocktaking Report 2007, 2007).

The general aim of the doctoral education is to
provide doctoral students with an in-depth knowledge
of the field of research and the capability to produce
novel scientific knowledge independently. Doctoral
education in pedagogy in Latvia has a special national
goal to support the strengthening of teacher education.
Through educating doctoral students there will be
more doctors teaching in primary and secondary school
teacher education in the future.

The aim of the paper is to characterize the realisation

of teachers’ education as doctoral training in the context
of Bologna Process strategies.

Materials and Methods
Doctoral education in Europe is diverse because

of many national differences in national regulations

governing higher education. European higher education
institutions have the autonomy to develop their
own profiles and research priorities. Advancement,
development and improvement of knowledge through
original research are the key component of the third

cycle (Augstskolu likums, 1995).

The main objective of the seminar organised in
Salzburg (2005) was to discuss perspectives of doctoral
education as the third cycle in the Bologna Process
(Bologna Seminar on ‘Doctoral Programmes for the
European Knowledge Society;, 2005).

The seminar in Salzburg set up ten basic principles
concerning doctoral education.

1) the core component of doctoral training is the
advancement of knowledge through original
research;

2) universitiesasinstitutionsneedtoassumeresponsibility
for ensuring that the doctoral programmes and
research training they offer are designed to meet
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new challenges and include appropriate professional
career development opportunities;

3) the rich diversity of doctoral programmes in Europe —
including jointdoctorates —asa strength which should
be underpinned by quality and sound practice;

4) doctoral candidates should be recognized as
professionals (early stage researchers) - with
commensurate rights — who make a key contribution
to the creation of new knowledge;

5) in respect of individual doctoral candidates,
arrangements for supervision and assessment should
be based on a transparent contractual framework of
shared responsibilities between doctoral candidates,
supervisors and the institution;

6) doctoral programmes should seek to achieve critical
mass and should draw on different types of innovative
practices being introduced in universities across
Europe, bearing in mind that different solutions may
be appropriate to different contexts and in particular
across larger and smaller European countries;

7) doctoral programmes should operate within
appropriate time duration (three to four years full-
time as a rule);

8) the promotion of innovative structures to meet
the challenge of interdisciplinary training and the
development of transferable skills;

9) doctoralprogrammesshouldseektooffergeographical
as well as interdisciplinary and inter-sectoral mobility
and international collaboration within an integrated
framework of cooperation between universities and
other partners;

10)the development of quality doctoral programmes
and the successful completion by doctoral candidates
requires appropriate and sustainable funding
(Bologna Seminar on ‘Doctoral Programmes for the
European Knowledge Society;, 2005).

The focus on quality in the Bologna Process has
raised awareness within higher education institutions of
the potential challenges and they must begin to think
through the implications of the existence of the European
HigherEducation Areaafter2010.This concern transcends
across the boundaries as a change of educational
paradigm from a system of teacher-driven provision, and
towards a student-centred learning (Reichert and Tauch,
2005). According to the report, doctoral programmes
are one of the important elements in the institutional
strategies for enhancing internationalisation and mobility
of doctoral students and academics (The European
Charter for Researchers, 2006).

The Bologna Process elaborated a framework of

‘comparable qualifications for comprising three cycles

(including, within national contexts, the possibility of

intermediate qualifications)’ and descriptors for each

cycle based on learning outcomes (A Framework for

Quialifications of the European Higher Education Area,

2005).

A Framework for Qualifications of the European
Higher Education Area emphasized the qualifications
that signify completion of the third cycle such as:

1) students have demonstrated a systematic
understanding of a field of study and mastery of the
skills and methods of research associated with that
field;

2) students have demonstrated the ability to conceive,
design, implement and adapt a substantial process of
research with scholarly integrity;

3) students have made a contribution through original
research that extends the frontier of knowledge by
developing a substantial body of work, some of which
merits national or international refereed publication;

4) students are capable of critical analysis, evaluation
and synthesis of new and complex ideas;

5) students can communicate with their peers, the larger
scholarly community and with society in general
about their areas of expertise;

6) studentscanbeexpectedtobeabletopromote, within
academic and professional contexts, technological,
social or cultural advancement in a knowledge-
based society (A Framework for Qualifications of the
European Higher Education Area, 2005).

The London Conference prepared a report on the
further development of the basic principles for doctoral
programmes and stressed the importance of ‘transferable
skills development as an integral part of first, second and
third cycle programmes’ (Bologna Process: Stocktaking
Report 2007, 2007).

The main goal at the level on the third cycle should
be raising awareness among doctoral candidates of the
importance of both recognising and enhancing the skills
that they develop and acquire through research, as a
means of improving their employment prospects both
in academia and on the wider labour market (Doctoral
Programmes for the European Knowledge Society,
2007).

According to ‘The national concept of the develop-
ment of higher education and the institutions of higher
education of the Republic of Latvia till 2010, one of the
priorities is altering the curricula towards being based
more on research training (The national concept of the
development of higher education and the institutions of
higher education of the Republic of Latvia, 1998).
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Results and Discussion
Higher education in Latvia at the beginning of 2009

was offering a total of six doctoral study programmes

in pedagogy with the main goal of assuring the quality
of teachers’ education. Accreditated doctoral studies in
pedagogy are offered at the University of Latvia, Latvia

University of Agriculture, Daugavpils University, Liepaja

University and Latvian Academy of Sports Education

(Accreditated programmes by degree: Doctoral Studies:

Pedagogy and Teachers Education, 2009).

Doctoral education at Riga Teacher Training and
Educational Management Academy (RTTEMA) as
the sixths is steered by doctoral study programme
regulations. The creation of doctoral programme in
pedagogy was a new stage in the development of
strategy of study process at RTTEMA. During the last two
years the doctoral programme (licence from 12.05.2008.)
involved 24 students.

The aim of the doctoral study program at RTTEMA is
ensuring the integration of fundamental and theoretical
knowledge of pedagogical sciences into practical
pedagogy, fostering the preparation of scientists for
research and academic work of international standard,
and achieving a doctoral degree in following fields of
pedagogy science:

e pre-school pedagogy;

* school pedagogy;

* pedagogy of music, dance, visual art and vocational
pedagogy (Riga Teacher Training and Educational
Management Academy Doctoral Study Programme,
2008).

The investigation about research training and the
organization of teachers’ education has been carried
out at RTTEMA doctoral programme in pedagogy. A
questionnaire about aspects of doctoral studies and
learning conditions for professional activity had been
developed for getting information for analysis and was
given to 10 teachers (doctoral students). Respondents
were asked to complete the questionnaire focusing on
the goals of the curricula, learning outcomes, supervision
and doctoral students’ mobility. The estimation of the
results was made by summing the answers, and the
percentage was calculated.

Learning outcomes in the field of research training
are one of the basic building blocks of European higher
education quality. In order to guarantee the realisation
of the goals of the curricula and students’ research
progress, an annual attestation of doctoral students is
being organised. The student is required to submit an
attestation report including an evaluation of learning
outcomes. In the first part of the report the student is

asked to present data about the progress of the doctoral
thesis. The second part requires a detailed analysis of the
contribution through original research by participating
in the conferences and publication articles. The last part
of the report focuses on the fulfilling the curricula.

The results showed that all learning outcomes of
doctoral students should be periodically reviewed as a
written estimation of the progress of teachers training
for:

* academic carrier development - 50%,
e professional development - 50%.

Constructive support from the supervisors is
important to sustain the efforts required for research
training. The respondents graded the positive
collaboration with supervisors as excellent (60%), good
(30%), and poor (10%). Respondents considered the help
of their supervisor to be the mostimportant in such areas
as defining the problems of dissertation, selection of a
research method, planning of the empirical research, and
participating in the international conferences.

At the level of the theoretical seminars for doctoral
students, learning outcomes must be strengthened in
the context of credit award:

* planning seminars once a month - 60%,
* planning seminars twice a month - 40%.

Funding of studies on doctoral level should offer more
financial instruments facilitating the international short-
term mobility and the scholarships during the course of
a doctoral programme. The respondents pointed out that
increasing international mobility demands increased
investment of personal financial resources (10%), self-
regulation (10%), and foreign language studies (10%),
but 70% of doctoral students were satisfied with the
education process.

All respondents are involved in the research guidance
process playing a significant role in the attainment of
desirable learning outcomes. More attention should
be paid to the question of social guarantees offered to
doctoral students. Today such guarantees are not enough
for them to devote all of their time to the doctoral
studies. The starting level of research skills of doctoral
students is rather different which may be an obstacle for
their engaging in greater joint projects. Feedback from
RTTEMA doctoral students plays an important role in the
further development of the curricula.

Conclusions

1. Quality of the realisation of teachers’ education on
doctoral studies level is depending on advanced
learning outcomes of an individual. The creation of
doctoral study programme of pedagogy according to
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Bologna Process strategies has strengthened the area 2. The goals of teachers’ education as doctoral training

of educational research and the quality of teachers are increasing international mobility, collaboration

training. with supervisors, and evaluation of learning outcomes
leading to PhD degree.
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